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Deucatte,  Odon,  referred  to  Court  of  Claims 

Dickens,  Edward  V.,  report  of  Court  of  Claims 

Dickson,  Emily  C,  referred  to  Court  of  Claims 

Dieters,  John,  report  of  Court  of  Claims 

.  District  of  Columbia,  letten  relative  to  electric  lighting^  of  Massa- 
chusetts avenue  and  Seventeenth  street 

Dixon,  George  C,  report  of  Court  of  Claiins 

Doheity,  M.  A.,  referred  to  Court  of  Claims 

Dolman,  Jacob,  refered  to  Court  of  Claims 

Donate,  Auguste,  heirs  of,  referred  to  Court  of  Claims 

Donato,  Belote  A.,  referred  to  Court  of  Claims 

Doorkeeper  of  the  J&ouse  of  Representatives : 

Report  of  sale  of  waste  paper,  etc L 

Reportof  property  in  possession  of 

Report  on  folding  room 

Dougherty,  Mary  A.,  referred  to  Court  of  Claims 

Douglas,  W.  W.,  administrator,  referred  to  Court  of  Claims 

Dowdy,  W.  P..  report  of  Court  of  Clahns 

Downey,  Amelia,  referred  to  Court  of  Claims 

Downing,  A.  D.,  estate  of,  referred  to  Court  of  Claims 

Doyle,  Johanna,  referred  to  Court  of  Claims 

Duflfy,  Eugenia  and  W.  B.,  referred  to  Court  of  Claims 

Dulin,  A.  F.,  estate  of,  referred  to  Court  ol  Claims ^ 

Dunlap,  JoEeph,  report  of  Court  of  Claims 

Duval,  Sandy,  referred  to  Court  of  Claims 

East,  Abner,  report  of  Court  of  Claims ^ 

East,  Washington,  reportof  Court  of  Claims 

ESasterly,  Isaac,  referred  to  Court  of  Claims 

Edwards,  Emily,  referred  to  Court  of  Claims 

Edwaids,  W.  W.,  referred  to  Court  of  Claims 

Eight-hour  law,  resolution  to  investigate  violations  of 

Eleventh  Census,  final  reports  of  the 

Elgin,  J.  H*,  report  of  Court  of  Claims - 

Eliza  (ship),  reportof  Court  of  Claims - 

Elliott,  JohnR.,  referred  to  Court  of  Claims - 

Elgey,  John,  referred  to  Court  of  Claims 

English,  Valentine  S.,  report  of  Court  of  Claims 

Engs,  Samuel  F.,  referred  to  Court  of  Claims 

Erquhart,  C.  Ausrusta,  referred  to  Court  of  Claims 

Ethnology,  contributions  to  North  American,  vol.  7 

Seventh  Annual  Report  of  Bureau  of,  18S5-'86 

Eighth  Annual  Report  of  Bureau  of 

Eulogies  on  Hon.  L.  C.  Houk 

Hon.  W.  H.  F.  Lee 

Ewell,  Jane  N .,  estate  of,  referred  to  Court  of  Claims 

Fac^et,  Emile,  heirs  of,  referred  to  Court  of  Claims 

Fairfax,  John  W.,  report  of  Court  of  Claims  .-_ 

Farley,  John  A.,  referred  to  Court  of  Claims 

Farrell,  Thoma%.  report  of  Court  of  Claims 

Fawcett,  Elkanan,  report  of  Court  of  Claims 

Febrey,  John  E.,  reportof  Court  of  Claims 

Field,  John  A.,  referred  to  Court  of  Claims 

Fish  Commission,  bulletins  of  (vol.  x,  1890) 

Flske,  Martha  A.,  referred  to  Court  of  Claiins 

1  ilhiol,  H.,  referred  to  Court  of  Claims 

Flick,  Catharine,  referred  to  Court  of  Claims 

Flowers,  Elizabeth,  referred  to  Court  of  Claims 

Flowery,  J.  G.,  report  of  Court  of  Claims 

Ford,  R.  L.,  reportof  Court  of  Claims 

Forest  reservations,  resolution  to  investigate  necessity  of,  and  con- 
dition of,  in  California 

Forgey,  James,  referred  to  Court  of  Claims 
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Fralelx,  Martin,  referred  to  Court  of  Claims — 

Francis,  Jean,  sr.,  referred  to  Court  of  Claims 

Franklin,  J.  B.,  referred  to  Court  of  Claims , 

Franklin,  W.  A.,  executor,  report  of  Court  of  Claims 

I<>a8uer,  Eli,  reference  to  Court  of  Claims 

Freedlnan's  Saving  and  Trust  Company,  annual  report  of  commis- 
sioner of - 

Friendship  (brig)  report  of  Court  of  Claims \ 

Friendship  (schooner)  report  of  Court  of  Claims 

Fromherz,  Leopold,  report  of  Court  of  Claims » 

Fuller,  J.  B.,  referred  to  Courtof  Claims 

Fusilier,  Corrinne  Ferret,  referred  to  Court  of  Claims 

Gallagher,  Charles,  referred  to  Court  of  Claims 

Gallagher,  Dr.  Thos.,  resolution  to  investigate  conviction,  etc.,  of. 

Gallott,  Julia,  referred  to  Court  of  Claims 

Garrot,  Pierre,  referred  to  Courtof  Claims 

Garett,  W.  F.,  referred  to  Court  of  Claims 

Garrison,  Silas  M.,  referred  to  Court  of  Claims 

Geological  Survey ; 

Bulletins  of,  66  to  70 

Bulletin  of,  71 

Bulletins  of,  72  to  75 

Bulletins  of,  76  to  80 

Bulletins  of,  81  to  82 

Bulletin  of,  83 

Bulletins  of,  84  to  86 

Monographs  of.  Vol.  17 

Monographs  of ,  Vol.  18 

Monographs  of ,  Vol.  19 

Monographs  of ,  Vol.  20 

Georgetown  Barge,  Dock,  Elevator  and  Railway  Co.,  report  of 

Georgetown  and  Tonally  town  Railway  Company,  letter  from  sec- 
retary transmitting  list  of  stockholders  of - 

Germania  Safe^,  Vault  and  Trust  Company,  administrator,  re- 
port of  Court  of  Claims _.. 

Gibson,  William  F.,  report  of  Courtof  Claims 

Gilbreath,  Simeon,  report  of  Court  of  Claims 

Gilfoil,  Patrick,  referred  to  Court  of  Claims 

Gillett,  Theodore  J.,  estate  of,  referred  to  Court  of  Claims 

Gober,  M.  A.,  administrator,  report  of  Court  of  Claims 

Gomez,  Eldwin,  referred  to  Courtof  Claims 

Goodrich,  A.  E.  and  M.  E.,  referred  to  Court  of  Claims 

Gordon,  R.,  admijiistrator,  report  of  Court  of  Claims 

Gorman,  George,  estate  of,  report  of  Court  of  Claims 

Gosehorn,  Sarah,  report  of  Court  of  Claims 

Govan,  J.  J.,  referred  to  Court  of  Claims 

Green,  Edman,  referred  to  Court  of  Claims 

Green,  S.  E.,  administrator,  report  of  Court  of  Claims 

Greenhill ,  Thomas  C . ,  referred  to  Court  of  Claims 

Grioe,  John,  report  of  Court  of  Claims 

Grimmett,  Matthew  N.,  referred  to  Court  of  Claims 

Grisson,  Sarah,  referred  to  Courtof  Claims 

Grow,  ex-Speaker  Galusha  A.,  presentation  of  portrait,  proceed- 
ings in.  House 

Guidry,  Lesant,  heirs  of,  referred  to  Court  of  Claims 

Gullory,  Martin,  referred  to  Court  of  Claims  ..- 

Gunnell,  Elizab3th,  report  of  Court  of  Claims 

Haipfh,  A.  V.,  referred  to  Court  of  Claims 

Haller,  Jonathan ,  referred  to  Court  of  Claims - 

Hamilton,  Ely isa,  report  of  Court  of  Claims 

Hammon,  Jacob,  referred  to  Court  of  Claims 

Hancock,  John  W.,  report  of  Courtof  Claims 

Hannah  (schooner),  report  of  Courtof  Claims 
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Harding,  Francis  E.,. referred  to  Court  of  Claims 

Hardman,  J .  B . ,  report  of  Court  ofClaims - 

Hardwick,  F.  E.,  report  of  Court  of  Claims - 

Harvey,  A.  A.,  guardian,  report  of  Court  of  Claims 

HarviU,  Mrs.  L.  J.,  referred  to  Court  of  Claims 

Hathaway,  John  R.,  referred  to  Court  of  Claims 

Hayes,  Samuel,  referred  to  Court  of  Claims 

Hayman,  Harry,  report  of  Court  of  Claims 

Haywood,  Mrs.  W.  Dallas,  referred  to  Court  of  Claims 

Heard,  James  A.,  referred  to  Court  of  Claims 

Hearrell,  L.  B.,  report  of  Court  of  Claims 

Heberlein,  August,  estate  of,  referred  to  Court  of  Claims 

Hebron,  Adeline  L.,  estate  of,  referred  to  Court  of  Claims 

Henkel,  Philip,  referred  to  Court  of  Claims -. 

Henry  (schooner),  report  of  Court  of  Claims - 

Henry  (ship),  report  of  Court  ofClaims 

Herbert,  S.  B.,  report  of  Court  of  Claims 

Hetty  Jane  (ship),  report  of  Court  of  Claims  ...^ 

Hickman,  M.  T.,  referred  to  Court  of  Claims.: 

Higgins,  Richard,  estate  of,  referred  to  Court  of  Claims 

Hill,  Alexander,  referred  to  Court  of  Claims 

Hill,  Joseph  A.,  referred  to  Court  of  Claims 

Hiram  (brig),  report  of  Court  of  Claims -.. 

Hitty  (ship),  report  of  Court  of  Claims 

Hobos,  Thomas,  referred  to  Court  of  Claims ._ 

Holbrook,  Julia,  referred  to  Court  of  Claims 

Holland,  James  L.,  estate  of,  referred  to  Court  of  Claims...*. 

Holsten  Female  College,  referred  to  Court  of  Claims 

Holt,  C.  G.,  administrator  of,  referred  to  Court  of  Claims 

Holt,  John  M.,  referred  to  Court  of  Claims 

Homestead,  Pa.: 

Resolution  relative  to  employment  of  Pinkerton  detectives  at 

Evidence  taken,  in  investigating  labor  trou  bles  at 

Hooper,  William,  estate  of,  referred  to  Court  of  Claims 

Hoover,  Benjamin,  referred  to  Court  of  Claims 

Hoover,  James  C,  referred  to  Court  of  Claims 

Hopper,  W.  A.,  administrator  of,  referred  to  Court  of  Claims 

Hough,  John  H.,  report  of  Court  of  Claims 

Hough,  Robert,  report  of  Court  of  Claims 

Houk,  Hon.  L.  C,  eulogies  on 

House  of  Representatives : 

List  of  members  by  States 

List  of  select  and  standing  committees 

List  of  members  and  the  committees  on  which  they  serve 

Report  on  resolution  for  Committee  on  Accounts  to  designate 
clerks  for  committees  of 

Rules  of 

Report  of  Clerk  on  condition  of  contingent  fund 

Letter  from  the  Clerk  relative  to  salary  of  session  employes 

Hubbard,  Mary  Jane,  referred  to  Court  of  Claims __ 

Hughes,  William  H.,  administrator,  report  of  Court  of  Claims 

Humboldt  Female  College,  referred  to  Court  of  Claims 

Hume.  Isaac,  relerred  to  Court  of  Claims 

Humpnreys,  J.  H.,  report  of  Court  ofClaims 

Hundley,  William  T. ,  referred  to  Court  of  Claims 

Hunt,  Anna,  administratrix,  report  of  Court  of  Claims 

Hunt,  J.  W.,  report  of  Court  of  Claims 

Hurdle,  Eunice,  referred  to  Court  of  Claims 

Hurdley»  W.  J.,  administrator,  report  of  Court  of  Claims 

Hurley,  Stephen,  report  of  Court  of  Claims 

Idaho,  resolution  to  investigate  labor  troubles  in 

Indian  Territory,  resolution  to  make  inquiries  looking  to  admis- 
sion of ,  as  State - 

Industrial  Christian  Home  of  Utah,  report  respecting  operations  of  . 
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Izard ,  Florimond,  referred  to  Court  of  Claims 

Jane  (schooner),  report  of  Court  of  Claims 

Jenkins,  H.  E.,  report  of  Court  of  Claims 

Johnson,  Joseph  B. ,  referred  to  Court  of  Claims 

Jones,  F  A.,  administrator,  report  of  Court  of  Claims 

Jones,  Francis  S..  estata  of,  referred  to  Court  of  Claims 

Jones,  Isaac  and  Thomas  C,  estate  of,  referred  to  Court  of  Claims 

Jones,  John,  referred  to  Court  of  Claims 

Jones,  Dr.  John  H.,  referred  to  Court  of  Claims 

Jones,  Phillip  M..  administrator,  report  of  Court  of  Claims 

Jon  s,  Philip  R.,  estate  of,  report  of  Court  of  Claims 

Jordan,  R.  D.,  guardian  of  heirs  of,  referred  to  Court  of  Claims... 

Juliana  (vessel),  report  of  Court  of  Claims 

Kannell,  John,  report  of  Court  of  Claims 

Kaylor,  Daniel,  referred  to  Court  of  Claims 

Keating,  Martin,  referred  to  Court  of  Claims 

Keaton,  B.  R.,  report  of  Court  of  Claims 

Keigan,  Mary  E.,  referred  to  Court  of  Claims 

Keithley,  A.  L.,  report  of  Court  of  Claims 

Keithley,  W.  G.,  report  of  Court  of  Claims 

Kelly,  Peter,  report  of  Court  of  Claims 

Kennedy,  Leonora  J. ,  referred  to  Court  of  Claims 

Kergon,  Thomas,  referred  to  Court  of  Claims 

Kerr,  A.  C,  referred  to  Court  of  Claims 

Kibler,  Josiah  and  Jeremiah,  referred  to  Court  of  Claims 

Kimmons,  William  M. ,  referred  to  Court  of  Claims. 

King,  Thomas  J.,  referred  to  Court  of  Claims 

Kirkpatrick,  M.  R.,  report  of  Court  of  Claims 

Knignt,  Elizabeth,  referred  to  Court  of  Claims 

Knight,  Joseph,  referred  to  Court  of  Claims 

Knight,  Joseph  S.,  report  of  Court  of  Claims 

Kouns,  John,  referred  to  Court  of  Claims 

Labell,  Charles,  referred  to  Court  of  Claims 

Labor,  resolution  to  investigate  sweating  system  of  tenement  house 

evidence  taken  in  troubles  at  Homestead,  Pa 

Lafferty,  James,  referred  to  Court  of  Claims 

Lafleur,  Ben.  M.,  referred  to  Court  of  Claims 

Lafleur,  Jean  Pierre,  referred  to  Court  of  Claims 

Lafleur,  Marcelin,  referred  to  Court  of  Claims 

Lake,  Daniel,  referred  to  Court  of  Claims _ 

Lam,  James,  estate  of ,  referred  to  Court  of  Claims 

Langley ,  Aaron,  report  of  the  Court  of  Claims 

Lanier,  J.  C,  estate  of,  report  of  Court  of  Claims 

Lanier,  N.B.,  referred  to  Court  of  Claims 

La  Rue,  Mrs.  Mary  D.,  referred  to  Court  of  Claims 

Lastrapres,  Victor,  referred  to  Court  of  Claims 

Lauderdale,  S.  Elizabeth,  referred  to'Court  of  Claims , . 

Lawhead,  William,  administrator,  referred  to  Court  of  Claims... 

Lawrence,  L.  J.,  referred  to  Court  of  Claims 

Lazare,  Jean  Baptiste',  estate  of,  referred  to  Court  of  Claims 

Leake,  Mary  S.,  report  of  Court  of  Claims  .-.. 

Leduff,  Alexis,  referred  to  Court  of  Claims 

Lee,  Carter  R.  B.,  administrator,  report  of  Court  of  Claims 

Lee,  J.  C.,  report  of  Court  of  Claims 

Lee,  W.  H.  F.,  eulogies  on 

Leeds  (packet  ship),  report  of  Court  of  Claims 

Lefoldt,  Julius,  referred  to  Court  of  Claims 

Legrg,  A.  C,  report  of  Court  of  Claims ^ 

Leiper,  John,  referred  to  Court  of  Claims 

Lemell,  E.,  referred  to  Court  of  Claims 

Lemelle,  Charles,  estate  of,  referred  to  Court  of  Claims 

Lemelle,  Leon,  referred  to  Court  of  Claims 

Lemelle,  Ludger,  estate  of,  referred  to  Court  of  Claims 

Lemelle,  Rigabert,  estate  of,  referred  to  Court  of  Claims 
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Lement,  Pierre,  referred  to  Court  of  Claims 

Lewallen,  John  Preston,  administrato.-,  report  of  Court  of  Claims  . 

Lewis,  Abner  D.,  referred  to  Court  of  Claims 

Lewis,  Mary  F.,  report  of  Court  of  Claims 

Lides,  David,  estate  of,  referred  to  Court  of  Claims 

Lillard,  B.,  estate  of,  referred  to  Court  of  Claims 

Lipscomb,  James  C,  referred  to  Court  of  Claims -.. 

Litten,  Julius  B.,  referred  to  Court  of  Claims 

Logan,  Mary  S.,  referred  to  Court  of  Claims 

Long,  Henry  W.,  referred  to  Court  of  Claims ^-^. 

Long,  William  R.,  referred  to  Court  of  Claims 

Lowe,  Virginia,  i-eport  of  Court  of  Claims 

Lowenberg,  L.  M.,  administrator,  report  of  Court  of  Claims. 

Lucas,  E.  C.,  report  of  Court  of  Claims-:. -j 

Luchman ,  William,  i-ef erred  to  Court  of  Claims 

Lutz,  Morris,  i*eferred  to  Court  of  Claims 

Lynch,  D^vid,  report  of  Court  of  Claims 

McAllister,  A.  J.,  report  of  Court  of  Claims 

McClintic,  William,  report  of  Court  of  Claims 

McCown,  J.  I.,  report  of  Court  of  Claims 

McDonald,  William,  report  of  Court  of  Claim? 

McGloughlin,  Virginia,  referred  to  Court  of  Claims 

McGuffee,  sr. ,  G.  v.,  referred  to  Court  of  Claims 

McHenry ,  L.  S.,  report  of  Court  of  Claims 

McKenzie,  D.  W.,  report  of  Court  of  Claims 

McLaughlin,  Ammon,  referred  to  Court  of  Claims 

McLean,  Louisa  E.,  referred  to  Court  of  Claims 

McLemord,  Sarah  L.,  administratrix,  referred  to  Court  of  Claims 

McMurtrey ,  John,  referred  to  Court  of  Claims 

McNeill,  JohnC,  referred  to  Court  of  Claims 

Madden,  Patrick,  report  of  Court  of  Claims 

Maddoz,  Margaret  Virginia,  referred  to  Court  of  Claims 

Marklein,  Charles,  referred  to  Court  of  Claims 

Marshall,  Saline  County,  Mo.,  Christian  Church  of,  referred  to 

Court  of  Claims 

Martha  (sloop),  report  of  Court  of  Claims _ 

Martin,  Cyrus,  referred  to  Court  of  Claims 

Martin,  Emily  R.,  estate  of,  report  of  Court  of  Claims 

Martin,  John  J.,  referred  to  Court  of  Claims  ...: 

Mary  (sloop),report  of  Court  of  Claims 

Mastick,  Henry,  report  of  Court  of  Claims 

Mathews,  Harvey,  administrator,  report  of  Court  of  Claims ... 

Matlock,  E.  S. ,  estate  of,  referred  to  Court  of  Claims _. 

Maxwell  land  ^rant,  resolution  relative  to  alleged  conspiracy  in 

oonnectio  nwith 

Mayse,  Richard ,  report  of  Court  of  Claims » 

Meaher,  Timothy,  administrator  of,  referred  to  Court  of  Claims . . 

Meeha,  Catharine  Barry,  referred  to  Court  of  Claims 

Members  of  the  House  of  Representatives: 

List  of,  by  States-. 

Listof  select  and  standing  committees 

List  of,  (alphabetical)  and  committees  on  which  they  serve 

Menillion,  Francis,  referred  to  Court  of  Claims 

Menillon,  A.  D.,  estate  of,  report  of  Court  of  Claims 

Menillon,  Alphonse,  referred  to  Court  of  Claims 

Menillon,  Alphonse,  administrator,  report  of  Court  of  Claims 

Menillon,  Lucien,  referred  to  Court  of  Claims 

Mercer,  Furneyf old,  report  of  Court  of  Claims 

Metropolitan  Railroad  Company,  annual  statement  of 

MiddlekaufT,  John  C. ,  report  of  Court  of  Claims 

Miles,  William  T.,  referred  to  Court  of  Claims  — 

Miller,  David,  report  of  Court  of  Claims 

Miller,  J.  F.,  report  of  Court  of  Claims 

Miller,  J.  M.,  report  of  Court  of  Claims 
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Subject. 


Milley,  S.  B.,  administrator,  referred  to  Court  of  Claims 

Mineral  resources,  report  on 

Mississippi  River  Commission,  memorial  of  John  Cowdon  relative  to 

Mitchell,  James  A.,  referred  to  Court  of  Claims 

Mitchell,  Thomas  R.,  and  R.  T.,  report  of  Court  of  Claims 

Monahan,  Mary  E.,  referred  to  Court  of  Claims 

Montgomery,  Hugh,  referred  to  Court  of  Claims 

Mont^omerv,  Oiivia  F.,  referred  to  Court  of  Claims 

Moore,  H.  A.,  report  of  Court  of  Claims 

Moore,  Stativa,  referred  to  Court  of  Claims 

Moore,  Stephen,  administrator,  referred  to  Court  of  Claims 

Morat,  P.  Louis,  report  of  Court  of  Claims 

Morgan,  Jesse  B. ,  referred  to  Court  of  Claims 

Morgan,  William  S. ,  referred  to  Court  of  Claims 

Moseley,  William,  jr.,  referred  to  Court  of  Claims 

Mover,  I.  H.,  report  of  Court  of  Claims 

Mulholland,  John,  Patrick,  and  Peter,  report  of  Court  of  Claims. 

Mumma,  H.  C,  report  of  Court  of  Claims _ 

Munday,  G.  W..  administrator,  referred  to  Court  of  Claims 

Murdock,  William  M, ,  report  of  Court  of  Claims 

Murphy,  J.  J.,  referred  to  Court  of  Claims 

Murphy,  James,  referred  to  Court  of  Claims 

Mussen,  Huford,  report  of  Court  of  Claims 

Nancy  (schooner),  report  of  Court  of  Claims 

Nancy  (sloop),  report  of  Court  of  Claims 

Naval  observations  (1888) 

Naval  Observatory,  report  of  observations  from 

Nazareth  Literary  and  Benevolent  Institution,  report  of  Court  of 
Claims - 

Neal,  Rhoda,  report  of  Court  of  Claims 

Neal,  W.  H.,  estate  of,  referred  to  Court  of  Claims 

Neck,  George,  sr.,  referred  to  Court  of  Claims 

Neidlinger,  C.  V.,  report  of  Court  of  Claims 

Nelson,  John  N.,  referred  to  Court  of  Claims 

Nelson.  Potter,  report  of  Court  of  Claims.- 

Neutrality  (schooner),  report  of  Court  of  Claims 

Newcomer,  Joshua,  report  of  Court  of  Claims 

Newlee,  J.  G.,  report  of  Court  of  Claims 

New  Orleans,  La.,  Odd  Fellows'  Hall  Association  of,  referred  to 
Court  of  Claims 

Newsom,  Andrew  J.,  estate  of,  report  of  Court  of  Claims 

Nichols,  Minerva  J.,  and  Frank  D.,  executors,  report  of  Court  of 
Claims 

Nicodemas,  John  and  J.  L.,  report  of  Court  of  Claims. 

Nixon,  Henry  C,  referred  to  Court  of  Claims .-. 

Noland,  Pearce,  report  of  Court  of  Claims 

Noland,  William  H.,  referred  to  Court  of  Claims _ 

Norris,  Nancy  Jane,  referred  to  Court  of  Claims 

North  American  Ethnology,  contributions  to,  vol.7 

Northrup,  Charles,  referred  to  Court  of  Claims 

Oakley,  E.  C,  administrator  of,  referred  to  Court  of  Claims 

Official  records  of  the  war  of  the  reballion.  {See  War  of  the  Re- 
bellion.) 

Official  Register  (vol.  1),  Legislative,  Executive,  Judicial 

(vol.  2),  Post-Office  Department 

Ogilvie,  R.  H.,  report  of  Court  of  Claims 

Oglesby,  L.  S.,  referred  to  Court  of  Claims 

Okolona,  Miss.,  Independent  Order  of  Odd  Fellows  of,  referred  to 
Court  of  Claims 

Orendorff,  Mary,  report  of  Court  of  Claims 

Orr,  J.  W.,  report  of  Court  o?  Claims. 

Osborne,  John,  report  of  Cour^of  Claims 

O'Shea,  P.  T.,  referred  to  Court  of  Claims 
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Ott,  J.  W.,  report  of  Court  of  Claims 

Orerton  Hotel  Company,  referred  to  Court  of  Claims 

Owens,  W.  B.,  report  of  Court  of  Claims 

PafBnberger,  Samuel,  report  of  Court  of  Claims 

Paiilett,  Hilliare,  estate  of.  referred  to  Court  of  Claims.... 

Pankey,  James,  report  of  Court  of  Claims 

Pash,  Benedict,  report  of  Court  of  Claims 

Parham,  Richard  H.,  administrator,  report  of  Court  of  Claims 

Parker,  Rebecca  V.,  referred  to  Court  of  Claims 

Patterson ,  David  K. ,  referred  to  Court  of  Claims 

Patrick,  Marion,  report  of  Court  of  Claims 

Peeden,  Martha  J.,  administratrix,  referred  to  Court  of  Claims.  _ . 
Pension  laws,  resolution  to  appoint  members  to  codify,  simplify, 

and  arrange ^ 

Perry,  O.  H.,  administrator,  report  of  Court  of  Claims 

Peters,  J.  L.,  report  of  Court  of  Claims 

Phillips,  James  B.,  referred  to  Court  of  Claims 

Phoenix  (schooner)  report  of  Court  of  Claims 


Pinkerton  detectives,  resolution  of  inquiry  relative  to  employment 

of .  by  corporations 

Pipkin.  H.,  administrator,  report  of  Court  of  Claims 

Pope.  Daniel  S..  et  aZ.,  referred  to  Court  of  Claims 

Porche,  Louis  V.,  referred  to  Court  of  Claims 

Porche,  J.  A.,  report  of  Court  of  Claims 

Powell,  Sarah  A.,  referred  to  Court  of  Claims  - 

Prichard.  Catharine  M. ,  referred  to  Court  of  Claims 

Private  claims,  report  of  Clerk  of  the  House  relative  to  indexes  of . 

Provtne,  W.  G.,  aaministrator,  report  of  Court  of  Claims 

PuUiam,  F.  J.,  report  of  Court  of  Claims 

Quarles,  Mary,  report  of  Court  of  Claims 

Rabot,  Jean  Baptiste,  referred  to  Court  of  Claims 

Randall,  ex-Speaker  Samuel  J.,  presentation  of  portrait,  proceed- 
ings in  House 

Randolph,  A.  M.,  referred  to  Court  of  Claims 

Rosetta  (brig),  report  of  Court  of  Claims 

Rather,  James,  referred  to  Court  of  Claims 

Records  of  the  War  of  the  Rebellion : 

Atlas  to... - ^ , 

Vol.  33 •- 

Vol.  34 

Vol.34 

Vol.34 

Vol.  34 

Vol.35 

Vol.35 

Vol.  36 

Vol.  36 

Vol.  36 

Vol.37 

Vol.  37 

Vol.38 

VoL38 

Vol.38 

Vol.38 

Vol.38 

Vol.  39 

Vol.  39 

Vol.  39 

VoL40 

VoL40 

VoL40 
Bedwine,  J 


part  1 

part  2 

part  3 

part  4 

part  1 

part  2 

part  1 

part  2 

part  3 

part  1 

part  2 

part  1 

part  2 

part  3 

part  4 

part  5 

part  1 

part  2 - 

part  3 

part  1 

part  2 

part  3 

A.,  report  of  Court  of  Claims 
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RoeveSi  George  W.,  estate  of,  report  of  Court  of  Claims 

Repley,  E.W.,  referred  to  Court  of  Claims 

Restle,  Leger,  referred  to  Court  of  Claims 

Rhodes,  Frank,  report  of  Court  of  Claims 

Bice,  J.  W.,  estate  of,  report  of  Court  of  Claims 

Rice,  W.  H.,  referred  to  Court  of  Claims 

Richards,  AIodzo  H.  ,  referred  to  Court  of  Claims 

Roach,  Benj.,  estate  of,  referred  to  Court  of  Claims 

Robertson,  Anthony ,  referred  to  Court  of  Claims 

Robinson,  Jehu,  report  of  Court  of  Claims 

Roe,  J.  A.,  report  of  Court  of  Claims 

Roniine,  Mary,  J. ,  referred  to  Court  of  Claims 

.  Roy,  Vienna,  referred  to  Court  of  Claims 

Rovston,  Aaron,  report  of  Court  of  Claims 

Rules  of  Housa  of  Represen  tati ves 

Rutledge,  Mary  J.,  referred  to  Court  of  Claims ^ 

Rutledge.  Nancy,  referred  to  Court  of  Claims 

Russell,  Jacob  H.,  report  of  Court  of  Claims 

St.  Philips  Church,  Atlanta,  Ga.,  re 'erred  to  Court  of  Claims 

Sanders,  John  C,  administrator,  referred  to  Court  of  Claims 

Sanders,  Samuel  R.,  referred  to  Court  of  Claims 

Sanders,  W.  W.,  referred  to  Court  of  Claims 

Sanford,  Martha  Ann,  referred  to  Court  of  Claims 

Saunders,  Edwin  E.,  estate  of,  referred  to  Court  of  Claims 

Scanlan,  Mrs.  W.  H.,  referred  to  Court  of  Claims 

Schwartz,  A.  J.,  administrator,  report  of  Court  of  Claims 

Scott,  John  D.,  referred  to  Court  of  Claims 

Scott,  Samuel,  referred  to  Court  of  Claims 

Scott,  Mrs.  W.  A.,  referred  to  Court  of  Claims 

Scoville,  W.  S.,  referred  to  Court  of  Claims 

Sears,  Rebecca,  report  of  Court  of  Claims 

Secretary  of  the  Treasury,  resolution  requesting,  to  obtain  and  re- 
port facts  relating  to  State  canals 

Sergeant-at" Arms,  report  of  disbursements 

report  on  property  in  possession  of 

Sessions,  Franklin ,  referred  to  Court  of  Claims 

Shacklett,  H.  W.,  report  of  Court  of  Claims 

Shadel,  Henry  A.,  heirs  of,  referred  to  Cqurt  of  Claims 

Sheely ,  Mrs.  Ann,  referred  to  Court  of  Claims 

Sheetz,  Samuel,  referred  to  Coilrt  of  Claims 

Shehan,  Patrick,  report  of  Courtof  Claims 

Shepherdess  (schooner),  report  of  Court  of  Claims 

Shipp,  F.  G.,  report  of  Court  of  Claims 

ShoemjJter,  A.  C.  P.,  report  of  Courtof  Claims 

Shoemaker,  David,  report  of  Court  of  Claims 

Short,  Hatcher  and  Hiram,  referred  to  Court  of  Claims 

Sigur,  John  A.,  referred  to  Courtof  Claims 

Simerley ,  Mary  E. ,  referred  to  Court  of  Claims "_. 

'  Simmons,  H.  S.,  estate  of,  referred  to  Court  of  Claims 

Simmons,  J.  W.,  referred  to  Court  of  Claims 

Simpson,  Cassa,  referred  to  Courtof  Claims 

Singrleton,  H.  C,  estate  of,  referred  to  Court  of  Claims 

Sisco,  Mary,  administratrix,  report  of  Court  of  Claims 

Slate,  Sarah,  report  of  Court  of  Claims 

Sloan,  William,  report  of  Court  of  Claims 

Smallwood,  Howard  F.,  referred  to  Courtof  Claims 

Smith,  A.  J.,  referred  to  Court  of  Claims 

Smith,  Dudley  D.,  heirs  of,  referred  to  Court  of  Claims 

Smith,  G.  W.,  report  of  Court  of  Claims 

Smith,  James  W.,  referred  to  Court  of  Claims 

Smith,  Nancy  C,  referred  to  Court  of  Claims 

Smith,  Vasti,  referred  to  Court  of  Claims 
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Subject. 


Smithsonian  Institution,  statement  of  Secretary  of,  on  expenditures 
for  fiscal  year  of  1891 

Smithsonian  Reports  (1891),  part  1 

Smithsonian  Reports  (1891),  part  2 

SDyder,  James  A.,  executor,  referred  to  Court  of  Claims 

Snyder,  John,  report  of  Court  of  Claims 1 

Solair,  Fannie,  referred  to  Court  of  Claims 

Soutter,  William  R.,  referred  to  Court  of  Claims 

Sparks,  D.  M.,  estate  of,  referred  to  Court  of  Claims 

Slates,  G.  W.,  report  of  Court  of  Claims 

Speakers  Grow  and  Randall,  presentation  of  portraits  of 

Sfieck,  David,  referred  to  Court  of  Claims 

Spricb,  Albert  H.,  report  of  Court  of  Claims 

Standiford,  David,  report  of  Court  of  Claims 

Starn,  Levi,  referred  to  Court  of  Claims 

State  canals,  resolution  requesting  Secretary  of  the  Treasury  to 
ascertain  facts 

Steele,  J.  and  J.,  report  of  Court  of  Claims 

Stiff,  Martha,  referred  to  Court  of  Claims 

Store,  John,  estate  of,  report  of  Court  of  Claims 

Stork,  Conrad,  referriad  to  Court  of  Claims 

Stover,  Abraham,  referred  to  Court  of  Claims 

Stowers,  Samuel,  report  of  Court  of  Claims 

Stutts,  George  W.,  report  of  Court  of  Claims 

Sugar  trust,  resolution  requesting  information  of  Attorney- General 

Summers,  Margaret,  referred  to  Court  of  Claims 

Sutton,  S.  J.,  I'eport  of  Court  of  Claims - 

S wartz.  David ,  referred  to  Court  of  Claims 

Sweating  system.    See  l^bor.  * 

Talbott,  Jacob  J. ,  referred  to  Court  of  Claims 

Tallcy,  Robert,  report  of  Court  of  Claims  .__ 1 

Tarit),  resolution  that  Committee  on  Agriculture  investigate  effect 
of ,  on  agr icul ture ..# 

Tatin ,  Jean  Marie,  referred  to  Court  of  Claims 

Taylor,  Edward  H.,  administrator,  report  of  Court  of  Claims 

Taylor,  Geoige  W.,  estate  of,  referred  to  Court  of  Claims 

Taylor,  Jane,  estate  of,  referred  to  Court  of  Claims 

Taylor,  Thomas  W.,  report  of  Court  of  Claims 

Taylor,  William  E.,  referred  to  Court  of  Claims 

Taylor,  William  H. ,  report  of  Court  of  Claims 

Telletor,  E.  W.,  referred  to  Court  of  Claims 

Tenement-house  labor.    See  Labor. 

Thacher,  Thomas,  report  of  Court  of  Claims 

Thomas,  A.  R.,  report  of  Court  of  Claims 

Thomas,  B.R.,  report  of  Court  of  Claims 

Thomas,  Wilkin,  report  of  Courtof  Claims 

Thompson,  George  W. ,  referred  to  Court  of  Claims 

Thompson,  Lewis,  executor  of,*  referred  to  Court  of  Claims 

ThrocKmorton,  Hugh  W. ,  report  of  Court  of  Claims 

Thurman.  J.  G.,  report  of  Court  of  Claims 

Tillman,  Francis,  report  of  Court  of  Claims 

Timbarlake,  S.  R.,  referred  to  Court  of  Claims 

Tolson,  John  J.,  administrator,  referred  to  Court  of  Claims 

Towsend,  Peter,  reportof  Courtof  Claims 

Traweek,  Mrs.  E.  L.,  referred  to  Court  of  Claims 

Tucker,  E.  J.,  report  of  Court  of  Claims _ 

Tucker,  T.  M.,  estate  of,  referred  to  Court  of  Claims 

Tuscumbia,  Ala.,  Masonic  Lodge  of,  referred  to  Court  of  Claims. 

Two  Sisters  (ship),  report  of  Courtof  Claims 

Underwood,  John  C. ,  referred  to  Court  of  Claims 

Union  (sloop),  reportof  Court  of  Claims 

Union  (vessel),  report  of  Court  of  Claims 

United  States  Geologfical  Survey.  'See  Geological  Survey. 
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Unsell,  Davldi  estate  of,  report  of  Court  of  Claims 

Utah,  peportof  the  commissioner  of  schools  of 

Letter  from  chairman  of  Utah  Commission  respecting  operation 

of  Industrial  Christian  Home  Associ  at  ion  of 

Vallean,  Sarah  J.,  referred  to  Court  of  Claims 

Vaughn,  Walker,  report  of  Court  of  Claims 

Vauquah ,  Louis,  referred  to  Court  of  Claims 1 

Verdin,  Bomain,  referred  to  Court  of  Claims 

Vernon,  A.  B.,  report  of  Courtof  Claims 

Victor  (schooner),  report  of  Courtof  Claims 

Vignes,  Polona,  referred  to  Court  of  Claims 

Wakefield,  Molina  O.,  referred  to  Courtof  Claims 

Walker,  Julius,  referred  to  Court  of  Claims 

Walker,  Osborn,  report  of  Court  of  Claims. 

Walker,  Sandy,  report  of  Court  of  Claims 

Walker,  T.  J.,  referred  to  Court  of  Claims.. 

Wallace,  Thomas,  referred  to  Court  of  Claims 

Walls,  Joseph  L.,  report  of  Court  of  Claims 

Warr,  A.  V.,  Ex.,  report  of  Court  of  Claims 

Washington  and  Arlington  Railway  Company,  annual  report  of... 
Washington  and  Georgetown  Railroad  Company,  annual  report. 

Wasson,  Richard  P. ,  referred  to  Court  of  Claims 

Watkins,  Nancy  J.,  referrtd  to  Courtof  Claims 

Webb,  T.  H.,  report  of  Court  of  Claims 

Webb,  William  S.,  referred  to  Court  of  Claims : 

Weitinger,  John,  report  of  Court  of  Claims 

Welck,  Benjamin,  report  of  Court  of  Claims 

Wells,  George  H.,  report  of  Court  of  Claims 

Wells,  James,  heirs  of,  referred  to  Court  of  Claims 

Wesson,  J.  W.,  report  of  Court  of  Claims 

Westmoreland,  Mary  N.,  referred  to  Court  of  Claims 

Whltaker,  William,  referred  to  Court  of  Claims 

White,  B.  K.,  report  of  Court  of  Claims :.._ 

White,  Thomas  W.,  referred  to  Court  of  Claims 

White,  W.  B.,  report  of  Court  of  Claims 

White,  Zachariah  J.,  referred  to  Court  of  Claims 

Wilhite,  H.,  report  of  Courtof  Claims 

Wilkes,  Benjamin,  referred  to  Courtof  Claims 

Wilkes,  Francis,  referred  to  Court  of  Claims 

Williamson,  A.  O.,  referred  to  Court  of  Claims 

Williams,  Harry,  report  of  Court  of  Claims 

W'illis,  Edward  B.,  estate  of,  referred  to  Court  of  Claims 

Wilson,  R.  T.,  report  of  Court  of  Claims 

Wilson,  Thomas  W.,  referred  to  Court  of  Claims 

Wirtz ,  William ,  estate  of,  report  of  Court  of  Claims 

Withers,  H.  M.,  report  of  Court  of  Claims 

Wolf  son,  Caroline  L.,  referred  to  Court  of  Claims 

Woodson,  Tarleton,  report  of  Court  of  Claims 

VSToody,  H.  T.,  report  of  Courtof  Claims 

World's  Columbian  Exposition,  resolution  for  inquiry  into  expend- 
itures, etc 

Wright,  Eliza  (brig),  report  of  Court  of  Claims 

Wurtele,  Jacob,  report  of  Court  of  Claims - 

Wysong,  James,  report  of  Court  of  Claims 

Wytsinger,  John,  referred  to  Courtof  Claims 

Young,  Joseph,  report  of  Courtof  Claims 

Youn^blood,  Mrs.  Sarah  E.,  referred  to  Court  of  Claims 

Yuckley,  G.  W.,  report  of  Courtof  Claims 

Zaddock,  Meador,  referred  to  Court  of  Claims 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 
Division  op  Geologic  Correlation, 

Washington^  D,  C,  April  1, 1891. 

Sir  :  I  have  the  honor  to  transmit  herewith  a  memoir  by  Mr.  0.  D. 
Walcott,  on  the  Cambrian  of  North  America,  prepared  for  publication 
as  a  bulletin. 

The  Division  of  Geologic  Correlation  was  created  for  the  purpose  of 
summarizing  existing  knowledge  with  reference  to  the  geologic  forma- 
tions of  North  America,  and  especially  of  the  United  States ;  of  dis- 
cussing the  correlation  of  the  formations  found  in  diff'orout  parts  of  the 
country  with  one  another,  and  with  formations  in  otiier  continents ; 
and  of  discussing  the  principles  of  geologic  correlation  in  the  light  of 
American  phenomena.  The  formations  of  each  geologic  period  were 
assigned  to  some  student  already  well  acquainted  with  them  and  it  was 
arranged  that  he  should  expand  his  knowledge  by  study  of  the  litera- 
ture, and  by  field  examination  of  classic  localities,  and  embody  his 
results  in  an  essay.  The  general  plan  of  the  work  has  been  set  forth 
on  page  16  of  the  Ninth  Annual  lieport  of  the  Survey,  and  on  pages 
108  to  113  of  the  Tenth  Annual  Beport,  as  well  as  in  a  letter  of  trans- 
mittal to  Bulletin  No.  80  of  the  Survey. 

The  first  of  the  series  of  essays  resulting  from  this  work,  xirepared 
by  Prof.  Henry  S.  Williams,  pertains  to  the  formations  of  the  Car- 
boniferous and  Devonian  periods,  and  constitutes  Bulletin  No.  80. 
The  present  essay  is  the  second  of  the  series,  and  others  will  follow. 

Mr.  Walcott  finds  that  the  American  Cambrian  includes  three  faunas, 

of  which  the  first  and  third  are  of  continental  range,  and  that  by  the 

aid  of  these  faunas  the  formations  in  the  various  geologic  ])roviuces 

may  be  classified  into  three  divisions,  an  upper,  a  middle,  and  a  lower. 

He  finds  also  that  these  divisions  may  be  homotaxially,  and  perhaps 

chronologically,  compared  with  divisions  of  the  European  Cambrian. 

Very  respectfully,  your  obedient  servant, 

G.  K.  Gilbert, 

Oeologist  in  Charge. 
Hon.  J.  W.  Powell, 

Director  U.  8.  Oeological  Survey* 
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OUTLINE  OF  THIS  PAPER. 


This  work  is  a  review,  by  one  who  is  working  in  the  Cambrian  field,  of  the  work  of 
his  predecessors,  and  of  the  results  th^y  and  he  have  thus  far  obtained  as  he  interprets 
them.  It  thus  becomes  historical  and  descriptive,  and  is  a  general  statement  of  the 
principles  upon  which  the  correlations  have  been  made  in  establishing  the  gionp. 

Chapter  i  gives  a  statement  of  the  principles  upon  which  the  delimitation  of  the 
group  is  based,  a  few  brief  remarks  upon  the  nomenclature  of  the  formations,  and  a 
list  of  the  books  and  articles  consulted  in  the  preparation  of  this  paper. 

Chapter  u  gives  a  historical  review  of  the  geologic  and  paleontologic  work  that 
has  been  done  in  the  four  provinces  in  which  the  sediments  of  the  Cambrian  groax) 
occur.  These  are  the  Atlantic  Coast  Province;  the  Appalachian  Province,  which  is 
divided  into  the  Northern  Appalachian  and  Southern  Appalachian  areas;  the  Rocky 
Mountain  Province,  and  the  Interior  Continental  Province.  The  latter  is  divided 
into  the  Upper  Mississippi  Area,  the  Eastern  Border  or  Adirondack  sub«Province,  the 
Western  Border  or  Bocky  Mountain  sub-Province,  and  the  Southwestern  sub-Prov- 
ince of  Texas  and  Arizona.  Within  each  of  the  provinces  the  historical  data  are  re- 
viewed by  the  political  divisions  of  States  and  Territories,  and  in  British  North 
America  by  provinces. 

The  historical  review  of  the  geologic  work  embraces  all  that  has  oonio  within  the 
knowledge  of  the  writer  of  the  descriptive  geology  of  the  rocks  now  referred  to  the 
Cambrian  group.  The  paleontologic  review  includes  only  the  mention  of  the  genera 
and  species  described  by  the  various  authors. 

Chapter  lu  is  a  record  of  the  names  that  have  been  employed  to  designate  various 
formations.    It  is  of  an  historical  rather  than  a  controversial  character. 

Chapter  iv  gives  a  summary  of  the  present  knowledge  of  the  formations  in  each  of 
the  four  geologic  provinces,  in  the  same  arrangement  as  that  of  the  historical  review 
in  chapter  u.  The  attempt  is  made  to  give  a  concise  statement  of  the  present  knowl- 
edge of  the  formations  referred  to  the  Cambrian  group  Within  each  province.  The 
paleontologic  references  are  to  the  larger  subdivisions  of  the  fauna  without  mention 
of  genera  or  species.  These  will  \ie  described  in  special  monographs,  now  in  the 
course  of  preparation.  At  the  close  of  this  summary  there  is  a  synopsis  of  the  Cam- 
brian group,  in  which  it  is  stated  that  the  group  is  established  by  (a)  the  presence 
in  the  Rocky  Mountain  Province  of  6,000  feet  of  limestone  with  an  undetermined 
mass  of  quartzite  beneath ;  (d)  in  the  Appalachian  Province  by  over  12,000  feet  of 
qnartzito,  shales,  slates,  and  limestones;  (o)  a  continental  distribution;  (d)  a  charac- 
teristic, highly  differentiated  fauna.  A  table  of  the  classification  of  the  formations  is 
arranged  with  the  type  formation  of  each  subdivision  at  the  head,  while  beneath 
are  the  formations  correlated  with  it. 

A  map  showing  the  geographic  distribution  accompanies  this  chapter ;  also  one 
on  which  the  sedimentation  is  illustrated  by  vertical  columms  of  strata.  A  section 
across  the  continent,  with  the  base  of  the  Ordovician  fauna  as  the  upper  limit  and 
the  columns  of  strata  arranged  beneath  it,  reveals  the  presence  of  a  great  trough 
along  the  line  of  the  Appalachians  from  Alabama  to  Labrador,  and  a  second  trough 
on  the  western  side  of  the  continent  west  of  the  eastern  Rocky  Mountain  ranges. 
It  is  claiu^ed  that  the  great  interior  Contineutal  Province  was  a  land  area  during 
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Lower  aiuI  Middio  Cambrian  tiiuo  and  that  tho  Cumbrian  Soa  did  not  onter  upon  it 
until  tliu  bo^iiining  of  Upper  Cambrian  time.  A  map  based  (PI.  ill)  upon  this  view 
illuBtrates  the  sup|>osed  land  area  attUo  beginning  of  Cambrian  time. 

Tho  base  of  the  group  is  stated  to  be  where  tho  oldest  known  fauna  that  is  roforre  1 
to  the  Cambrian  fauna  occurs.  The  summit  of  the  group  is  the  uausitiou  from  tl  e 
Cambrian  to  the  Ordovician  fauna,  or  in  the  Now  York  section  between  the  Pots- 
dam sandstone  and  the  superjacent  Calciferous  formation.  The  rooks  or  sedimei.ts 
arc  deHcribcd  and  tho  conclusion  reached  that  there  wore  geographic  areas  in  which 
ditforeiit  ty^ies  of  sedimentation  prevailed,  and  that  as  a  whole  the  sediments  were 
deposited  in  both  shallow  and  deep  waters  on  an  ocean  bottom  that  was  being  slowly 
depressed  in  relation  to  sea  level. 

The  study  of  the  fauna  indicates  that  the  group  may  be  conveniently  divitled  into 
three  divisions,  lower,  middle,  and  upper.  Tho  evidence  of  the  sedimentation  and 
organic  remains  proves  the  prosonce  of  geographic  provinces  in  Lower  Cambrian  time 
that  became  more  strongly  differentiated  in  Middle  Cambrian  time  and  less  strongly 
marked  in  Upper  Cambrian  time. 

Tho  chapter  concludes  by  notes  on  the  Cambrian  rocks  of  Great  Britain^  Europe, 
Chiua,  India,  Australia,  and  South  America. 

Chapter  V  deals  with  problems  for  investigation  and  settlement  which  ar«  taken 
up,  for  the  local  problems,  in  the  same  order  of  presentation  as  the  matter  in  chax>- 
tcrs  11  and  iv.  Tho  general  problems  respecting  our  knowledge  of  the  Cambrian 
group,  us  a  whole,  or  in  large  parts,  are  discussed  separately,  as  are  the  problems  of 
nouieuclature  and  claHsiticatiou.  The  latter  includes  a  statement  of  the  problems 
relating  to  the  name  and  the  limits  of  the  group. 

Chapter  vi  is  devoted  to  the  study  of  criteria  and  principles  used  by  authors  in  the 
correlation  of  the  various  parts  composing  the  Cambrian  group,  with  observations 
on  some  methods  of  correlation.  The  first  portion  includes  the  historical  not«s,  and 
is  a  review  in  chronologic  order  of  the  principles  of  correlation  used  by  authors  in  the 
United  SUites  and  Canada,  and  observations  by  authors  upon  correlation  of  American 
with  European  formations.  This  review  shows  that  many  authors  have  expressed 
sound  views  upon  methods  of  correlation  and  that,  with  the  exception  of  the  addi- 
tions made  since  tho  theory  of  evolution  began  to  influence  paleontologists,  the 
addition  to  methods  has  been  relatively  small.  Under  tho  heading  of  methods  of 
correlation,  correlation  by  superposition,  organic  remains,  lithologio  characters, 
and  unconformity  are  treated  of  at  some  length.  Under  organic  remains  are  con- 
sidered life  zones,  stage  of  evolation,  lifo  history,  contemporaneity,  homotaxis,  and 
percentage  of  species.  Reference  is  also  made  to  homogeny  and  topographic  features 
as  clemeats  entering  into  the  problems  of  oorrelatioo. 
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CHAPTER  L 

% 

INTRODUCTORY, 

This  report  is  an  unfloished  memoir.  It  is  an  account  of  the  present 
knowledge  of  a  great  geologic  group  that  will  require  prolonged  inves- 
tigation to  bring  it  to  the  status  in  descriptive  geology  already  attained 
by  the  superjacent  members  of  the  Paleozoic  system.^ 

The  history  of  the  origin  and  application  of  the  term  Cambrian  in 
geologic  nomenclature  is  presented  in  connection  with  the  description 
of  the  names  that  have  beenemployed  in  the  classification  of  the  various 
formations cliaracterized  by  the  types  of  the  ''First  or  Primordial  Fauna'' 
of  Barrande.  The  basal  fauna,  as  now  known,  is  that  of  the  Olenellus 
zone;  and  the  upper  horizon  of  the  group  is  drawn  at  the  summit  of 
the  series  characterized  by  theDikellocephalus  fauna  of  North  America. 
The  delimitation  of  the  group  is  based  on  the  principles :  (a)  that  the 
great  geologic  groups  must  rest  on  the  broad  zoologic  characters  of 
their  included  faunas,  and  not  upon  local  stratigraphic  breaks  between 
certain  series  of  rocks  or  upon  local  differences  in  sedimentation;  (b) 
that  the  most  reliable  chronologic  scale  in  geology  is  that  afforded  by 
the  relative  magnitude  of  zoologic  change ;  and  (c)  that  the  geologic 
duration  and  importance  of  any  system  are  in  strict  proportion  to  the 
comparative  magnitude  and  distinctness  of  its  collective  fauna.' 

Geologic  classification  has  been  largely  based  upon  the  imperfections 
of  the  geoiogio  record  and  an  arbitrary  assumption  of  breaks  in  the 
chain  of  sedimentation  and  life  that  are  not  of  universal  extent.  Geo- 
logic continuity  must  have  been  a  fact  and  the  sequence  of  life  and 
deposition  continued  uninterrupted  on  some  portion  of  the  earth  from 
the  earliest  Cambrian  time  to  the  present  day.  Such  continuity  could 
not  have  existed  in  any  one  province,  and  it  is  doubtful  if  the  complete 
record  will  ever  be  regained.    In  its  absence  the  classification  already 

I  In  tho  preparation  of  the  historical  portion  I  received  material  assistance  f^om  Prof.  Joseph  F. 
James,  who,  tAking  as  a  basis  the  bibliographic  card-catalogue  of  Mr.  K.  H.  Darton,  prepared  a  series 
of  brier  abstracts  vrhioh  gaided  rae  in  my  bistoricnl  resnarch. 

"Lapworth,  Cbarlos.    Geological  Magaxiuo,  now  ser.,  deo.  ll,  1879,  toL  6,  p.  S. 
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establislied  is  adopted  and  then  arbitrarily  assumed  whenever  the  ori{^- 
iual  basis  for  it  is  cleared  away  by  more  ]>erfect  knowledge. 

For  convenience  of  description  and  geoh)gic  cartography,  the  geologic 
formation^  is  taken  as  the  primary  unit  of  chissification.  The  com- 
bination of  these  primary  nnits  forms  the  terrane,  which  may  be  com- 
posed of  any  number  of  geologic  units.  The  groupings  of  the  terranes 
form  the  groups,  and  the  union  of  the  groups  the  systems.  Thus  the 
Potsdam  sandstone  of  the  Adirondacks,  the  Dutchess  County  limestone 
of  New  York,  the  upiier  Knox  shales  of  Tennessee,  the  Hamburg  shales 
of  Nevada,  and  many  other  formations  unite  to  form  the  Upper  Cam- 
brian terrane.  The  union  of  the  Upper  Cambrian  with  the  Middle  and 
the  Lower  Cambrian  builds  up  the  Cambrian  group.  The  combination 
of  the  Cambrian,  Silurian,  Devonian,  and  Carboniferous,  forms  the 
Paleozoic  system. 

The  nomenclature  of  the  formations  of  any  group  frequently  ex? 
presses  in  local  terminology  the  history  of  the  development  or  i-volu- 
tiou  of  knowledge  of  the  group.  For  instance,  the  formations  compos- 
ing the  Cambrian  begin,  in  America,  with  the  ^'  Granular  Quartz''  and 
then  follow  the  Potsdam  sandstone,  the  8t.  John  shales,  the  Chilhowee 
sandstone,  etc.  The  plan  of  naming  the  formations  from  the  locality 
at  which  they  are  best  developed  is  a  great  safeguard  and  can  be  fre- 
quently mlopted.  For  instance,  the  Potsdam  sandstone  of  New  York 
has  its  type  locality  at  Potsdam  in  St.  Lawrence  County,  where  it  can 
be  readily  identified.  To  say  it  is  identical  with  the  Upper  Cambrian 
or  St.  Croix  sandstone  of  the  Mississippi  Valley,  with  which  it  has  been 
identified,  and  to  speak  of  the  latter  as  the  Potsdam  sandstone,  is  to 
practically  state  that  they  are  synchronous.  The  use  of  the  name  St. 
Croix  does  not  imply  this.  It  enables  the  geologist  to  mention  the 
formation  without  assuming  a  correlation  that  he  may  or  may  not  be- 
lieve in. 

1  Dr.  J.  J.  Bigsby  states  that  "Acoordiog  to  I>cshay«>s  *  a  formation  is  a  space  of  time  represented  by 
a  certain  number  of  beds,  laid  doim  under  the  iuflueuoe  of  the  sume  phenomena,'  or,  in  other  words,  a 
formation  is  characterizo<l  by  the  constancy  of  its  fossils."  (On  the  Paleozoic  basin  of  the  State  of 
New  York.  Part  IL  Classification  of  the  Paleoaoic  strata  of  tbe  State  of  Kew  York.  QuarU  Jouc 
GeoL  Soo.  Undon,  1858^  vol.  14,  pp.  428, 480.) 
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CHAPTER  II. 

HISTORICAL   REVIEW    OF  THE  GEOLOGIC   AND    PALEONTOLOGIC 

WORK. 

The  scope  of  this  review  is  liiuiteil,  with  a  few  exceptions,  to  the  no- 
tice of  ])apers  and  memoirs  that  have  added  something  original  to  the 
preexistent  knowledge  of  the  rocks  and  faunas  now  referred  to  the 
Cambrian  group. 

Severiil  methods  of  presenting  the  historical  data  have  suggested 
themselves. 

(I)  Chronologic;  (2)  Geographic  and  chronologic ;  (3)  Chronologic, 
geographic,  and  stratigni[)hic. 

(1)  (Jhronologic. — This  method  necessitates  reference  to  papers  in  the 
order  of  their  publication,  whether  they  treat  of  Cambrian  rocks  in 
Newfoundland,  New  York,  Alabama,  or  Nevada.  All  is  subservient  to 
the  chronologic  record. 

(2)  Geographic  and  chronolo'jic. — This  method  permits  of  the  chrono- 
logic grouping  of  the  papers  referring  to  the  rocks  under  consideration 
in  geographic  aresis. 

(3)  Chronologic^  geographic^  and  Htratigraphic. — This  third  and  more 
comprehensive  method  arranges  the  review  in  the  form  of  a  statement 
of  the  historical  data  as  in  the  second  method,  with  the  addition  of 
treating  of  such  primary  divisions  separately  as  may  be  thought  worthy 
of  such  consideration.  To  tliis  there  may  also  be  added,  in  exceptional 
instances,  the  chronologic  arrangement  of  the  discoveries  and  opinions 
of  some  of  the  more  prominent  investigators  and  authors. 

The  second  method  is  adopted  in  this  review  in  connection  with  the 
third,  where  the  latter  is  necessary  in  order  to  present  more  clearly  the 
evolution  of  the  present  knowledge  of  the  rocks  atul  fauna  of  the  Cam- 
brian group. 
The  Cambrian  group  can  usually  bedivided  into  three  primary  divisions. 
Firstj  the  Lower  Cambrian;  second^  Miildle  Cambrian;  third.  Upper 
Cambrian.  This  nomenclature  will  bo  used  throughout  the  revieW| 
when  it  is  necessary  to  refer  to  a  standard  generally  known. 

liocks  of  Cambrian  age  occur  on  the  North  American  continent  in 
four  principal  geographic  areas  or  geologic  provinces.     In  reviewing 
the  literature  it  is  possible,  owing  to  the  investigators  in  each  province 
having  limited  their  work  to  their  respective  provinces,  to  present  the 
history  of  discovery  and  publication  in  each  by  itself,  as  follows : 
I.  The  Atlantic  Coa^t  or  Eastern  Border  Provitioe, 
II.  The  Ajipalachain  Chain. 
IIL  The  Rocky  Mountain  or  WcHtern  Border  Province, 
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IV.  The  Interior  Continental  or  Central  Province. 
The  record  of  paleoutologic  iavestigatiou  iu  each  province  will  fol« 
low  the  geologic  review. 

ATLANTIC  COAST  PROVINCE. 

The  Atlantic  coast  province  includes  the  deposits  on  the  island  of 
Newfoundland,  the  provinces  of  Nova  Scotia  and  New  Brauswick  and 
Cape  Breton,  and  the  States  of  Maine,  New  Hampshire,  and  eastern 
Massachusetts. 

NEWFOUNDLAND. 

Systematic  geologic  investigation  iu  Newfoundland  began  with  Prof. 
J.  Beete  Jukes,  who  in  1813'  published  a  report  of  his  stadies  in  field 
and  office.  He  describes  tlic  relation  of  the  strata  at  the  base  of  the 
Paleozoic  section  (now  referred  to  the  Olenellus  zone),  to  the  uncou- 
formably  subjacent  crystalline  rocks  about  Conception  Bay,  and  men- 
tions the  red  shales  iu  which  the  Olenellus  fauna  is  now  known  to 
occur,  as  well  as  the  green  and  dark  shales  of  the  Paradoxides  zone,  as 
subsequently  known.  A  descrii)tion  is  given  of  the  upi)er  8lato  for- 
mation as  shown  on  the  islands  in  the  bay,  under  the  name  of  Bell 
Island  shale  and  grits;  and  of  the  lower  slate  under  the  name  of  St* 
John's  slate,  li,UOO  to  3,000  feet  thick,  as  seen  near  the  town  of  St, 
John's;  also  the  superjacent  Signal  Hill  sandstone,  about  800  leet  thick.- 
In  the  absence  of  fossils  no  attempt  was  made  lo  correlate  the  forma- 
tions with  those  of  England.  On  the  map  accompanying  the  re|>ort 
the  geographic  distribution  is  given  of  the  lower  slate  (St.  Jonn^s)  ami 
of  the  u])per  slate  (Bell  Island)  formations  about  Conception  Bay  and 
Smith  Sound. 

Two  years  later  Capt.  H.  W.  BaytieUP  described  a  sandstone  with 
subjacent  red  and  white  limestone  on  the  Straits  of  Belle  Isle,  which 
he  stated  contained  a  species  of  Cyathophyllum.  This  is  the  first  notice 
of  the  Lower  Cambrian  rocks  containing  Archiieocyathus,  and  it  is  the 
second  recorded  discovery  of  fossils  now  referred  to  the  Olenellus  zone. 

At  a  meeting  of  the  Boston  Society  of  Natural  History,  April  20, 1859, 
Dr.  C.  T.  Jackson  exhibited  a  trilobite  from  the  calcareous  slate  of  SL 
Mary's  Bay,  Newfoundland,  which  he  thought  identical  with  Paradox- 
ides  harlani  from  Braintree,  Miissachusetts.  He  said  that  this  forma- 
tion could  be  followed,  though  in  an  interrupted  line,  from  Braintree 
to  Newfoundland.* 

In  1859  Mr.  J.  W.  Salter*  received  a  specimen  of  the  genus  Paradox- 


1  General  report  of  tlio  geological  survey  of  Kcwfooiidlaiid  in  1839  and  1840,  pp.  IGO,  2  pla.,  LondoB, 
1843. 

'Op.cit.pp.  5I>-C0. 

3  On  tliejiiuction  of  the  transition  and  primary  rocks  of  Canada  and  Labrador.  Qaart.  Jour.  GeoL 
Soc.  I^uidon,  vol.  1,  1845,  pp.45U-459. 

*  On  a  trilobite  from  Uraiutreo.    Boston  Soc.  Nat.  Hist.,  Proo.,  vol.  7,  1859,  p.  54. 

'Ou  the  foDHilHof  tbo  Liugala- flags  or  "Zone  Primordiale."  Quart.  Jour.  GeoL  Soc,  London,  toL 
15,  1859,  pp.  551-555. 
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ides,  collected  from  the  upper  slate  of  St.  Mary's  Bay,  NewfouDdland, 
which  he  described  under  the  name  of  Paradoxides  bennettiy  calliuj; 
attention  to  its  relation  to  Paradoxides  spinostui  and  P.  boheniicuSy  of 
Bohemia. 

In  1862,  Prof.  Jukes,  referring  to  his  work  in  Newfoundland,  stated 
that  he  included  under  the  upper  slate  formation  the  Bell  Isle  shale 
and  gritstone  and  variegated  slate;  and  in  the  lower  slate  formation  the 
Signal  Hill  sandstones  and  St.  John's  slate.  He  says  he  did  not  find 
any  fossils  in  them,  but  that  Mr.  C.  Bennett  subsequently  found  trilo- 
bites  of  the  genus  Paradoxides  (named  P.  hennetti  by  Mr.  J.  W.  Salter) 
in  the  slates  on  the  west  side  of  St.  Mary's  Bay.  ^^  These  slates  belong 
to  the  group  I  called  the  St.  John's  slate,  which  is  covered  conformably 
by  the  Signal  Hill  sandstone.  The  Variegated  slate  group,  on  tbe  other 
hand,  passes  up  into  the  Bell  Isle  shale  and  gritstone,  and  near  Brigus 
Harbor,  in  Conception  Bay,  may  be  seen  to  rest  unconformably  on  the 
St.  John's  slate"  (as  described  in  1843).  ^  This  is  the  unconformity 
now  recognized  between  the  Cambrian  and  Algonl^ian  rocks. 

Eighteen  years  after  Captain  Bayfield  had  reported  on  the  strata  of 
the  north  side  of  the  straits  of  Belle  Isle,  Sir  William  E.  Logan  ^  dest 
cribeil  tbe  strata  resting  on  the  gneiss  as  red  and  green  sandstones,  231 
feet  thick,  overlain  by  gray,  reddish,  and  greenish  limestone.  In  the  lime- 
stone a  number  of  fossils  were  found  which  Mr.  Billings  Identified  with 
those  found  in  the  ^^  Bed  Sandrock  "  of  Vermont.  The  formation  was  re- 
ferred to  the  Lower  Potsdam  by  Logan.  Fifteen  miles  across  the  straits, 
on  the  Newfoundland  coast,  the  rocks  are  apparently  of  Calciferous  age ; 
and  he  concluded  that  the  Potsdam  sandstone  zone  was  buried  beneath 
the  waters  of  the  Straits.^  In  the  description  of  the  section  at  Bonne 
Bay,  on  the  west  coast  of  Newfoundland,^  it  is  compared  with  that  at 
the  Straits  of  Belle  Isle;  and  on  pages  805-8G7,  the  section  at  Bonne 
Bay  is  given  in  detail.  Of  this  1,711  feet  are,  by  the  contained  fossils, 
referred  to  the  Potsdam  group. 

In  the  report  of  the  Geological  Survey  of  Newfoundland  for  18G4^  a 
summary  is  given  of  the  then  existing  view  of  thesnccession  of  the  Lower 
Paleozoic  rocks  in  North  America.  For  Newfoundland  the  succession 
of  the  rocks  now  referred  to  the  Cambrian  is  Upper  Potsdam,  Lower 
Potsdam,  and  St.  John's  group,  and  Newfoundland  is  cited  as  the  local- 
ity where  the  lower  iiortion  of  the  series  is  complete.  The  lowest,  or 
St^  John's  group,  is  correlated  with  that  of  St.  John,  New  Brunswick, 
and  the  Paradoxides  beds  of  Braintree,  Massachusetts.  The  lower 
Potsdam  is  represented  by  several   hundred  feet  of  limestones  and 

1  The  student's  manual  of  geology,    ifecond  edition.    Edinburgh,  1862,  p.  457. 

'Geological  suryey  of  Canada.  lieport  of  progroHB  from  its  coromencomout  to  1663.  Montreal,  1863, 
pp.  983, 11  plates.  Atlas  of  maps  and  sections,  with  an  introduction  and  appendix.  Montreal,  1865.  0 
maps  and  sections. 

*Op.ciU,p.288. 

«Op.cit.,  p.203. 

*  Logan,  W.  £.,  Lower  Silurian  Bocks  of  North  America.  Geol.  Sunr.  Newfoundland,  Bep.  Fiog.  for 
UM,  Montreal,  1866,  pp.  i5, 46.    Beyisod  edition,  1881.  p.  49. 
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s;uid8toDe8  ou  tbe  Stnut8  ot  Bcllo  Isle,  aud  ou  White  Bay,  Newfoand- 
laud,  and  by  tbe  slates  of  8t.  Albans  aud  Georgia,  Vermont  The  Up- 
per Potsdam  is  that  of  Wiseousiu  and  Minnesota,  represented  in  the 
typical  Pot«dam  of  New  York.  This  horizon  is  not  recognized  in  the 
northern  part  of  Newfoundland,  but  occurs  ou  Conception  Bay,  iu  the 
southeastern  part.  The  tabulation  made  by  Logan  has  been  followed 
very  largely  by  all  writers  upou  American  geology,  and  the  sacoessiou 
wiis  not  changed  until  1883,  when  it  was  discovered  that  the  St.  John 
group  of  Mr.  G.  F.  Matthew  was  above  the  Lower  Potsdam  of  Billiugs 
aud  Logan. 

The  Geological  Survey  of  Newfoundland,  under  the  direction  of  Dr. 
Alexander  Murray,  added  materially  to  our  knowledge  of  the  Lower 
Paleozoic  rocks.  All  the  strata  beneath  the  Calciferons  or  Quebec 
group  were  referred  to  the  Potsdam  group.^  In  the  ueighborhood  of 
Canada  Bay,  ou  the  east  coast,  the  enure  series  referred  to  the  Potsdam 
has  a  thickness  of  J, 153  feet,  of  which  the  lower  7g6  feet  belong  to  the 
Lower  Cambrian  zone,  as  shown  by  Olcnellus  vernwntana  occurring  in 
the  upper  portion.*  In  the  report  of  field  work  for  18G8,  Dr.  Mur- 
ray^ describes  the  rocks  about  Conception  Bay,  in  the  southeastern 
portion  of  the  island.  Of  the  lowest  bed  exposed  on  Manuel's  Brook,  a 
small  stream  that  flows  into  Conception  Bay,  he  says:  ^^On  Manuel's 
Brook  a  very  coarse  conglomerate  may  be  seen,  in  strong  and  moder- 
ately regular  beds,  resting  directly  upon  the  syenitic  gneiss  of  the 
valley  above.  •  •  •  About  400  yards  below  the  bridge  the  con- 
glomerate is  overlaid  conformably  by  a  set  of  dark  brown  or  blackish 
shales,  *  •  *  with  some  hard  calcareous  beds  interstratified,"  and  this 
series  extends  down  the  stream  nearly  to  the  bay.^  Dr.  Murray  also 
describes,  in  a  section  at  Topsail  Head,  a  gray  compact  limestone  in 
strong  solid  beds,  1  to  2  feet  thick,  showing  a  vertical  thickness  of 
about  100  feet,  together  with  someinterstratified  shale.  The  limestone 
is  subjacent  to  a  dark  brown,  linely  laminated  shale.  Detailed  sections 
are  given  of  the  shales  and  sandstones  exposed  on  Kelly's  and  Great 
Bell  Islands,  Conception  Bay;  the  former  has  a  thickness  of  712  feet 
and  the  latter  of  476  feet.  A  summary  of  the  rocks  referred  to  tbe 
Lower  Silurian  gives  an  entire  thickness  of  3,880  feet.*  Figures  of  five 
sections  accompany  the  text,  in  which  the  unconformity  between  the 
Lower  Silurian  rocks  iind  the  subjacent  intermediate  system  or  Huron- 
ian  and  the  Archean  is  well  shown.  The  subjacent  slates  and  Signal 
Hill  sandstones  of  Jukes  arc  referred  by  Dr.  Murray  to  the  Cambrian 
group  ou  account  of  fossils  having  been  found  there,  which  Mr.  Bill- 
ings described  iis  Aspidella  terranovica  and  Arenicolites." 

>  Sequence  and  distribation  of  tbe  rocks  of  the  great  Ifortbern  Peninsula.  GeoL  Surv.  New- 
fonndland,  Kep.  Prog,  fur  18M,  Montreal,  1860,  pp.  iO,  U.    BoTiacd  edition,  1881,  pp.  5-47. 

'  Op.  cit.,  p.  10. 

*0f  ibe  Boqucnco  and  distribution  of  the  formations.  Beport  npoc  the  Koolojsical  survey  of  Kew- 
foundland  for  1868.  St.  John's.  1868,  p.  68.    Bovised  edition,  1881,  pp.  1S4-167. 

*  Op.  cit.,  p.  1 54- 

•  Op.  cit.,  pp.  157-100. 

•Op.oi*.,P-l**- 
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In  tb©  ^epo^^  for  1801)  a  descriptioD  is  givon  of  tlie  Lower  Paleozoic 
rocks  stiulieil  by  Mr.  HowUty  as  tlioy  occur  oii  Trinity  Bay  and  8L 
Mary's  Bay.^  Tiie  variegated  slates  of  Jukes  are  described  as  contain- 
ing Paradoxides  and  the  superjacent  nrgillaceons  shales  and  sandstones 
carry  Oraziaiia  and  other  fossils.  These  last  represent  the  rocks  of  the 
Bell  Islands  in  Conception  Bay.  In  the  report  for  1870'  a  sninmary  is 
given  of  the  then  existing,  kno\?ledi>;e  of  the  Primordial  formations  in 
southeast  Newfonndland.  In  descending  order  the  npper  formation  is  a 
brown  and  black  micaceous  shale  with  the  gray  micaceons  sandstones 
of  Great  Bell  Isle,  Conception  Bay.  The  organic  contents  nre:  Two 
species  of  Lingnla,  fonr  species  of  Palieophycus,  Eophyton  UnncBanum  of 
Torrell,  another  Eophyton  and  Oruziana  semipUcata  Salter.  Thickness, 
476  feet.  He  says  that  the  slates  of  Little  Boll  Isle  and  the  beds  of 
sbale  beneath  the  water  are  considered  to  have  a  thickness  of  1,426 
feet,  to  which  the  Kelly's  Island  sandstone  and  shale  are  to  be  added, 
with  a  thickness  of  720  feet.  [As  now  known  this  forms  the  npper 
division  of  the  Cambrian.]  Beneath  this  he  describes  the  black  slates, 
with  Paradoxides  bennettij  having  a  thickness  of  150  feet.  On  St. 
Mary's  Bay  this  division,  nnited  with  the  red,  green,  and  black  shales 
or  slates,  in  which  Paradoxides  bennetti^  Conocephalites  gregarius  and 
other  fossils  were  recognized,  has  a  thickness  of  1,045  feet.  [This  forms 
the  middle  division  of  the  Cambrian  as  now  known.]  Below  this  the 
bani  thick  beds  of  gray  and  reddish  limestone  of  Topsail  Head,  Brigas 
Soath  Head,  Conception  Bay,  and  the  Little  Salmouier  River  of  St. 
Mary's  Bay  are  united  with  various  outcrops  of  red,  green,  and  blackish 
argillaceous  slates  and  a  series  of  sandstones  below.  [These  form  the 
lower  division  of  the  Cambrian  as  now  known.]  The  total  thickness 
of  the  section  described  is  5,972  feet^  Several  sections  are  illustrated 
to  show  the  relation  of  the  Primordial-Silurian  to  the  subjacent  rocks. 

In  the  report  for  1872  the  Primordial-Silurian  rocks  are  described  as 
they  are  exposed  on  Trinity  Bay,  etc.,  by  Dr.  Murray.^  He  states  that 
on  paleontological  grounds  Mr.  Billings  is  disposed  to  draw  a  marked 
distinction  between  the  npper  strata  of  the  section  of  1870  and  the 
lower  members  of  that  section,  in  consequence  of  an  apparent  hiatus  or 
break  in  organic  development  between  the  Paradoxides  beds  and  the 
fossiliferons  strata  of  Oreat  Bell  Island  in  the  Conception  Bay  section. 
The  lower  measures  he  [Billings]  appears  to  regard  as  the  equivalent  of 
the  lower  Lingnla  flags  of  Great  Britain,  or  the  Menevian  group  of 
Salter  and  Hicks;  while  the  npper  parts  contain  forms  in  some  degree 
typical  of  the  horizon  of  the  Upper  Potsdam.'    This  is  followed  b^'  a 

>lfamy,  Alexander.  Of  the  rocks  and  aasoclated  mineraln  [of  Bonavista  Bay,  etc.].  Report 
npOD  the  geologtciil  aaryey  of  Newfoundland  for  1869.    Revltied  edition.  1881,  pp.  200-203. 

'Murray,  Alexander.  Of  Priinonliul,  Silurian,  and  related  formations.  Geol.  Surv.  Nf.wfonndliuid  for 
1870.  Se..Tobn*s,  1870,  pp.  30-43.     Kevised  edition,  1881,   pp.  232-241. 

*Op.  ciL,  pp.  237-230. 

^Distribntlon  of  the  formations  [of  Aralon].  Report  npon  Geo1.Sury.of  Newfonndland  for  1872. 
BtJohn's,  1873,  pp.  14-34.    Revised  e^lition.    London,  1881,  pp.  285-297. 

<Op.cit.p.291. 
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list  of  the  species  described  by  Mr.  Billings  from  the  Paradoxides  zone 
and  the  strata  of  Great  Bell  Island. 

Prof.  John  Milne  traveled  extensively  along  the  coast  of  Newfound- 
land, and  pablisbed  the  results  of  his  geologic  studies  in  association 
with  the  '*  Notes  on  Geology  "  by  Alexander  Murray.*  The  Primordial- 
Silurian  is  spoken  of  as  a  separate  division;  then,  superjacent  to  the 
rocks  of  this  formation,  come  the  Potsdam  and  Galciferous.  There 
doi>s  not  ap[>ear  to  be  any  additional  dat>a  to  that  already  given  in  the 
report  on  the  geology  of  Newfoundland  by  Dr.  Murray. 

Wlien  describing  some  fossils  collected  by  Mr.  T.  O.  Weston,  of  the 
Canadian  Geological  Survey,  in  1874,  from  St  Mary's,  Trinity,  and  Con- 
ception Bays,  Newfoundland,  Prof.  J.  F.  Whiteaves  states  that  the 
palootitulogical  evidence  sustains  the  view  of  Sir  W.  E.  Logan  that  the 
slates  of  St.  John's,  Newfoundland,  probably  belong  to  the  same  horizon 
as  the  Acadian  or  St,  John  group  of  St.  John,  New  Brunswick.*  Of 
the  deposits  on  the  islands  of  Conception  Bay  he  says:  ''From  Mr. 
Murray's  report  already  quoted  it  would  appear  that  the  shales  of  Kel- 
ly's Island  are  not  quite  so  old  as  those  of  Manuel's  Brook,  but  that 
they  are  older  than  the  Menevian  sandstones  of  Gre^t  Bell  Island."^ 

Dr.  Murray  appears  to  have  considered  the  Potsdam  zone  as  above 
the  Primordial  beds  of  Newfoundland.  This  is  shown  in  the  chapter 
on  the  "(leology  of  Newfoundland,"  where  a  summary  of  the  geolog3' 
is  presented  as  taken  from  Dr.  Murray's  work.* 

Prof.  Alphens  Hyatt,  in  his  expedition  to  Newfoundlatfd,  visited  the 
north  coast  of  the  Straits  of  Belle  Isle,  and  collections  were  made  at 
Anse  au  Loup  and  Amonr  Cove  from  the  "so-cjilled  Potsdam  sandstones 
and  limestones  of  the  Canadian  survey.  The  observations  made  at  these 
points  indicate  a  fauna  quite  distinct  from  those  of  any  of  the  limestones 
or  slates  of  the  west  coast  of  Newfoundland.  The  absence  of  Cepha- 
lopoda and  the  prevalence  of  primitive  forms  of  Arch^eocyathus  show 
the  rocks  to  be  probably  older  than  those  of  the  Quebec  group  at  Port 
au  Choix  and  other  localities.  The  primitive  sponges,  or  Archaeocyathi, 
have  here  replaced  corals  completely,  and  may  be  described  as  reef- 
builders,  since  numerous  hummocks  and  masses  and  parts  of  the  strata 
are  formed  entirely  of  their  remains.  Immediately  below  these  lime- 
stones, and  conformable  with  them,  lie  the  red  sandstones,  several 
layers  of  which  are  perforated  with  Scolithns  burrows."^ 

A  brief  summary  of  the  Lower  Cambrian  rocks  of  Newfoundland, 
was  given  by  Mr.  C.  D.  Walcott,  in  a  study  of  the  Cambrian  faunas  of 


» On  tho  rocks  of  Newfoundland.    Gcol.  Mag.,  new  Her.,  decade  II,  vol.  4, 1877,  pp.  251-282. 

'On  some  Primordial  fuAsils  from  soatheastem  Newfoundland.  Am.  Jour.  Sci.,  3d  ser.,  voL  10, 1878, 
p.  225. 

>0p.cit.,  p.226. 

*  Hatton,  JoAopb,  and  M.  Harvey.  Geolojjy  of  Newfoundland.  Newfoundland,  the  oldest  British  colony, 
its  history,  its  present  condition,  and  its  prospects  in  the  future.  London,  18a3,  pp.  178-187.  American 
edition,  Boston,  1883,  pp.  150-157. 

*Exp(Hlition  to  Newfonndland.  Boston  Soc.  Nat  Hist  Proc,  vol.  23,  1886,  p. 310.  Cruise  of  the 
ArethuM.    ^ienoe,  vol.  6, 1886,  p.  386. 
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North  America*  when  discnssin^  the  stratigraphic  position  of  the  Ole- 
nellns  fanna.  In  it  he  says'  that  the  only  locality  known  where  the  two 
fannas  occur  in  tbe  same  geographic  area  is  on  Conception  Bay,  New- 
foanclland ;  and  special  stress  is  placed  on  the  occurrence  at  Topsail 
Head  of  several  species  of  fossils  typical  of  the  Oleuellns  zone  at  the 
Straits  of  Belle  Isle.  This  fanna  was  referred  to  the  Middle  Cambrian,^ 
although  Dr.  Murray  states  in  his  section  of  1868  that  Mr.  Billings  re- 
ferred the  species  to  the  Potsdam.*  By  this  Mr.  Billings  probably 
meant  his  lower  Potsdam,  wliich  is  now  (1890)  included  in  the  Lower 
Cambrian. 

In  an  abstract  of  a  paper  on  the  Cambrian  faunas  of  Cape  Breton 
and  Newfoundland,  published  in  advance  of  the  paper  read  before  the 
Royal  Society  of  Canada,  Mr.  G.  P.  Matthew^  classifies  the  horizons  of 
the  Cambrian  as  follows: 

(1)  The  horizon  of  Paradoxides  hjerulfi, 

(2)  The  horizon  of  the  Conocoryphees. 

(3)  Tlie  horizon  of  Paradoxides  tessini. 

(4)  The  horizon  of  Paradoxides  spinosns. 
(6)  The  horizon  of  Paradoxides  davidis. 

It  is  stJited**  that  "in  this  classification  of  the  various  Newfoundland 
horizons  in  the  Paradoxides  zone  Mr.  Matthew  has  placed  thatof  P*im- 
doxides  hjerulfi  first  or  oldest,  becnuse  that  is  its  position  in  Scandi- 
navia." In  tlie  final  paper"'  he  speaks  of  the  fossils  found  at  Topsail 
Head,  and  Brigus  on  Conception  Bay,  mentioning  yl(7raM?o«  strenvnn^ 
Iphidea  (allied  to  Tphidea  hella  Billings),  and  Stenotheca  patipera  Bil- 
lings. He  says  these  fossils  do  not  give  sufficiently  firm  indicatioris  to 
make  it  clear  that  they  are  older  than  some  other  horizons  mentioned 
hereafter.  He  then  describes  the  fossils  of  the  Paradoxides  zone.  A 
new  species,  Solenopleiira  hombi/ronSy  is  described  from  the  limestone  of 
Topsail  Head.^ 

In  the  summer  of  1888  Mr.  C.  D.  Walcott  made  a  careful  study  of  the 
Cambrian  section  in  Newfoundland,  and  determined  the  Olenellns  zone 
to  be  beneath  the  Paradoxides  zone,  and  not  above  it,  as  arranged  by 
Logan  in  his  scheme  of  1864.  A  detailed  section  of  the  Cambrian 
strata  on  Conception  Bay  was  published,  with  lists  of  the  fossils 
occurring  at  the  different  horizons  in  it.^ 

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ • 

'Second  contribntion  to  the  stadies  on  tbe  Cambrian  faiinaH  of  North  America.  U.  S.  Geol.  Surv., 
BoU.  No.  30,  vol.  4, 1886. 

*Op.Git«p.49. 

>  Op.  cit,  p.  29. 

*Of  the  Mcqiiencc  and  diatribntion  of  tbe  formations.  Report  npon  the  geo1of;ical  snrvey  of  New- 
fonndland  for  18«8.     Revised  edition,  1881,  "  P.  \  "  of  Roctlon.  p.  157. 

*  Tbe  Cambrian  fannaji  of  Cape  ISreton  nnd  Newfoundland  (abstract).  Can.  Roconl  Sci.,  vol.  2, 188G, 
pp.  256-258. 

•Op.cit.,p.258. 

^  On  tbe  Cambrian  fannas  of  Capo  Breton  and  Newfoundland.  Royal  Soc.  Canada,  Proc.  and  Tians., 
▼ol.4,  section  iv,  1887,  pp.  147-157. 

•Op.cit.,p.  156. 

*The  stratip^rapbical  snccession  of  the  Cambrbin  faunas  of  North  America.  Nature,  vol.38, 1888, 
pw  5i5L  StratipjAphic  position  of  the  OlenetluA  fauna  in  North  America  and  Europe.  Am.  Joor. 
Set.,  Jd  sen, toL  37, 1889,  pp.  374-392  ;  vol.  38, 1889.  pp.  29-42. 
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NOVA   SCOTIA. 

The  altered  or  metamor[»liie  sLite  belt  of  the  Atlantic  coast  of  Nova 
Scotia  is  represented  on  an  early  geolof^ical  map  by  Dr.  Aorahani  (les- 
ner'  as  extending  from  Cape  Canso  to  Cape  Sable.  He  states  tliat  tbe 
area  is  within  the  primary  district  and  composed  principally  of  granite, 
gneiss,  and  mica  slate.  A  general  description  of  the  rocks  is  given  in 
the  account  of  the  local  geology  of  the  townships  in  which  the}^  occar. 

At  a  meeting  of  the  Geological  Society  of  London  on  May  10,  1843, 
Dr.  Gesner'  presented  to  the  society  a  geological  map  of  Nova  Scotia, 
accompanied  by  a  memoir  on  the  geology.  In  the  text'  the  lowermost 
of  the  Silurian  rocks  devoid  of  animal  remains  is  referred  to  the  Cam- 
brian. The  map  was  not  published  with  his  paper.  It  appeared  in 
1845*  in  connection  with  papers  by  Mr.  Kichard  Brown,  on  the  geology 
of  Cape  Breton,  and  Mr.  J.  W.  Dawson,  on  the  Lower  Carboniferous 
rocks  or  gypsiferous  formation  of  Nova  Scotia.  The  strata  now  pro- 
visionally included  in  the  Cambrian  group  are  indicated  on  the  map 
as  micaceous  and  chloritic  slates,  clay  slate,  quartz  rock,  and  gray  wacke 
slate.  They  extend  entirely  around  the  central  area  bf  granite  and 
syenite,  and  are  separated  from  the  Atlantic  coast  by  a  broad  belt  of 
color  designated  as  gianite.  At  a  later  date  Gesner  described  the  strat- 
ified non -fossil ifcrous  rocks  or  Cambrian  group  of  Nova  Scotia*  as  an 
extended  belt  of  hornblende  slate,  chlorite  slate,  clay  slate,  gray  wacke 
slate,  and  quartzite,  succeeding  the  granite  and  its  associates,  and  with 
them  occupying  almost  the  whole  of  the  Atlantic  side  of  the  province. 
No  fossil  remains  have  been  found  in  any  of  these  metamorphic  masses. 

In  1850  Dr.  J.  W.  Dawson  described  the  Atlantic  coast  series  as  fol- 
lows : 

The  prevailing  stratified  rocka  in  this  group  are  compact  and  flaggy  gray  quartz- 
ite (often  "weathering  white),  mica  slate,  and  clay  slate,  the  latter  usually  of  dark 
colors,  and  occasionally  passing  into  flinty  slate  and  quartzite.     *     •     ♦* 

The  hypogene  rocks  associated  with  them  are  white  aud  flesh-colored  granite, 
which  has  penetrated  the  metamorphic  rocks  iu  large  iri*eguiar  hands  and  masses.^ 

As  a  result  of  his  study  of  this  group  of  rocks  Dr.  Dawson  concluded 
that  they  belonged  either  to  some  of  the  older  members  of  the  Silurian 
system  or  to  a  still  earlier  period.  In  the  first  edition  of  the  Acadian 
Geology  Dr.  Dawson  stated  that  the  rocks  are  certainly  older  than  the 
Devonian ;  and  he  was  inclined  to  believe  that  they  represented  the 
Potsdam  sandstone  and  Utica  and  Hudson  River  shales.  In  an  altered 
condition."^    On  the  accompanying  map  their  geographic  distribution 

» ReinarkB  on  the  geology  and  rainoniiogy  of  Nova  Scotia.    Halifax,  N.  S.,  1836,  pp.  272. 

*  A  geoloKical  map  of  Nova  Scotia,  with  an  accompanying  memoir.    Gool.  Soc.  London,  Proa,  voL 
4,  1843,  pp.  186-190. 

»0p.cit.,p.l87. 

*  Oeologtcal  Map  of  Nova  Scotia.     (Accompanying  papers  by  J.W.Dawson  and  Richard  Brown.) 
Qnart.  Jour.  Gool.  Soc.  London,  vol.  1. 1845,  oppo.,  p.  23. 

»  Tiio  iuduRtrinl  resources  of  Nova  Scotia.    Halifax,  N.  S.,  1849,  pp.  233, 234. 

«  On  the  iiiotaniorpljic  and  metallitorous  rocks  of  eastern  Nova  Scotia^    Quart  Jonr.  GeoL  Soo.,  Lon. 
don,  vol.  6, 18,)0,  p.  34H, 

Acodisn  Geology,  l^t  Bdition,  Edinburgh.  1855.  p.  3(7. 
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18  Miown  and  in  the  lejifencl  they  are  noted  as  "perhaps  altered  Lower 
Silurian"  strata. 

In  a  supplementary  cLapter  to  the  first  edition  the  slates  and  quartz- 
it«8  of  the  Atlantic  coast  belt  are  spoken  of,  and  it  is  suggested  that 
they  may  be  a  continuation  of  the  Primordial  zone  of  Newfoundland, 
in  which  Paradoxides  have  been  found.^  Mr.  E.  Billings  reviews  this 
snpplementary  chapter  and  says:^  "We  are  strongly  inclined  to  the 
belief  that  this  supposition  will  yet  turn  out  to  be  well  founded.'' 

In  1862  the  slates  of  the  Nova  Scotia  metamorphic  slate  belt  were 
referred  to  the  Taconic  System.^  A  more  detailed  description  of  the 
rocks  was  publishexl  by  Dr.  J.  W.  Dawson,  iu  1868,  in  which  they  are 
stated  to  be  formed  of  granite,  gneiss,  mica  slate,  quartz  rock  or  quart- 
zite,  and  clay  slate.  The  granite  apx>ears  to  be  intrusive,  and  the  gneiss 
is  considered  a  product  of  a  metamorphism  or  baking  of  sedimentary 
rocks.  The  clay  slate  or  argillaceous  slate  abounds,  and  is  usually, 
along  the  Atlantic  coast,  of  a  gray  and  black  color,  varying  very  much 
in  texture  and  hardness.*  He  states  that  the  series  has  not  afforded 
fossils,  but  it  appears  to  be  a  continuatiou  of  the  older  slate  series  of 
Mr.  J.  B.  Jukes  in  Newfoundland,  which  has  aflbrded  trilobites  of  the 
genus  Paradoxides.  On  the  map  accompanying  the  volume  the  geo- 
graphic distribution  of  the  series  is  clearly  exhibited. 

In  a  general  description  of  the  Nova  Scotia  gold  field  Mr.  J.  Camp- 
bell^ publishes  a  section  across  the  gold-bearing  rocks  of  the  Atlantic 
coast,  in  which  the  arrangement  and  relative  position  of  the  different 
groups  of  strata  are  well  shown.  There  is  a  great  thickness  of  qnnrtz- 
it«  subjacent  to  blue  and  gray  slates  divided  midway  by  the  "black 
rock."  Very  few  details  are  given  of  the  section,  as  the  report  is 
mainly  devoted  to  a  description  of  mining  and  the  mode  of  occurrence 
of  gold. 

When  reporting  upon  the  Waverly  gold  district  Prof.  H.  Y.  Hind 
stated  that  he  had  found  Palwotrochus  minor  and  Palwotrochus  major  of 
Emmons,  besides  numerous  concretionary  forms,  iu  the  Waverly  beds. 
He  considers  (a)  that  these  fossils,  if  identical  with  those  from  North 
Carolina,  probably  establish  the  age  of  the  gold-bearing  rocks  of  Nova 
Scotia ;  (h)  that  they  occur  near  the  base  of  the  Lower  Silurian  System ; 
(c)  that  they  belong  to  the  upper  i)art  of  the  Potsdam  formation  and 
the  lower  part  of  the  Calciferous  formation,  and  {d)  that  they  are  sub- 
jacent to  the  great  mass  of  serpentine  and  red  slates,  discovered  by 
Dr.  Honeyman  in  Antigonish,  which  belong  to  the  Quebec  group.  The 
gold  series  is  correlated  with  that  described  by  Dr.  Emmons  iu  North 

1  Supplementary  chapter  to  the  Acadian  Oeolojcy,  E<1inbtirf;h,  1800,  p.  63. 

'[Review  of]  Acadian  Oeoloey  and  a  Snpplouiontary  Chapter  thereto.  Canadian  Kat.,  vol. 5, 1800, 
pp.  450^55. 

'MarooOf  Jules.  [The  alate  of  Nova  Scotia,  metamorphio  Taconio  rock.]  Boston  Soo.  Nat.  Hisu, 
Proc.,  voL  8. 1882,  p.  47. 

*Acadian  Geology.  Thn  fl^eological  structure,  orsranio  remains,  and  mineral  rotoarces  of  Nova  Scotia, 
Kew  Bnmswiek,  and  Prince  Kdward  lMlao<I,  2d.  od.    London,  1808,  pp.  013-415. 

*Beport  on  the  Gold  Fidda  of  Nova  Scotia.    Halifax,  1803,  pp.  12. 
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C/aroIina.'  In  a  paper  presented  to  the  Geological  Society  of  London,* 
and  HubDeqnently  publishe^l  in  the  report  on  the  Sherbrooke  gold  dis- 
trict of  Nova  Scotia,  Prof.  Hind  describes  the  goldbearing  rocks  of 
Nova  Scotia  as  follows : 

The  ^nI(1-1)oaring  rocks  of  Nova  Scotta  are  of  Lower  Silnrian  age,  and  rest  either 
on  Hiirotitaii  iitrata  or,  wliore  those  have  liecn  removed  by  denodation,  on  the  old 
Lnnrf^titinii  giieifMi.  The  gold  is  fonnd  chiefly  in  beds  of  anriferoos  qnartz  of  con- 
tern  pornnfxiiis  ago  with  the  slates  and  qnartzites  composiug  the  ma^is  of  the  series, 
which  in  Nova  Scotia  is  12,000  feet  thick,  and  the  anriferons  lieds  are  worked,  in  one 
distiict  or  another^  tbrongh  a  vertical  spaco  of  6,000  feet.^ 

In  a  re])ort  on  the  gneiHsoid  series  underlying  the  gold-bearing  rocks 
of  Nova  Scotia  the  same  writer*  states  that  he  has  provisionally  referred 
the  gold-bearing  series  to  the  Lower  Silurian,  but  that  conclusive  evi- 
dence derived  from  fossils  has  not  been  obtained  from  the  gold-bearing 
slates  and  qnartzites.  Since  the  discovery  of  the  forms  resembling  tho 
Paheotrochtis  of  i']mmons,  noticed  in  his  report  on  tho  Waverly  dis- 
tri(5t,  ho  has  sent  to  Mr.  Billings  slabs  containing  supposed  fossils  from 
the  Sherbrooke  rocks.  Mr.  Billings  thought  that  a  species  of  Orthis 
and  an  Eospongia  were  indicated.  In  describing  the  gold-bearing 
rocks  under  the  head  of  "  Lower  Silurian"  Prof.  Hind^  sjiys: 

The  known  gold-boaring  rocka  of  Nova  Scotia  consint  of  qnartzites,  Randnfoncs 
and  grits,  intorHtratiiiod  witli  argillaccons  slatoH  and  thin  conformable  beds  of  anrif- 
orouH  quart/..     Thin  portion  has  an  aHcertainod  thickness  exceeding  9,000  feet    *    *    * 
The  thirknesN  of  tlio  black  slates  in  Nova  Scolia  exceeds '.I,  000  feet,  so  that  the  gold- 
bt^aring  rf»cks  of  the  province  have  a  known  thickness  of  12,000  feet. 

The  essential  jmrts  of  the  description  in  the  last  paper  are  also 
))rinted  in  the  American  Journal  of  Science.® 

In  his  report  on  the  gold  fields  of  Quebec  and  Nova  Scotia,  Dr.  A. 
U.  U,  Selwyn'*  speaks  of  the  geological  position  of  the  Atlantic  coastseries 
of  stratified  gold-bearing  slate  and  quartzite,  stating  that  all  former  ob- 
servers are  agreed  that  they  probably  belong  to  the  Lower  Silurian 
series.  His  fii*st  impression  of  them  was  that  they  represented  the 
groups  known  in  Britain  as  the  Harlech  grit  or  quartzite,  and  the 
Lingula-fiag  series.  He  discovered  in  the  gray  sandy  and  flaggy  pyri- 
tous  slates  at  the  OvtMi's  Blnfls  numerous  specimens  of  the  genus 
Kophyton,  and  states  that  Mr.  Billings  regarded  this  genus  as  charac- 
teristic of  the  Primodial  Siluriam  epoch.  He  then  gives  an  account  of 
tho  distribution  of  the  genus  Kophyton,  and  in  conclusion  s.'iys:  *' In 


»  K«^)H>i-l  mi  tho  W-ivoily  Im»M  l)L<(lrioU  wilh  tf»M»lo;L:u*al  n\:\\\^  muI  ft«s'h»»n«.     H^iUrax,  18fi9,  p.61. 

*ini  iwu  s;uoiHjioU)  !4t>no!«  in  No\:i  Sooli^  ami  New  liriiuAwick.  AiipiHt^iHl  to  Ik>  tho  oquivaK'nta  oftbe 
UiiriMUAU  <l'j%mhriAni  ami  I.HurtMil inn.    Qu«rt.  J*vir,  ti»»l.  S<>o,.  U^ndttn,  vol.  26, 1S70,  pp.  •ICS-479. 

*  Koport  on  Iht^  ShovUixH^ko  4ioM  tiisttrtct^  toi^'tht^r  with  a  pa|H«r  on  Iho  }!nei)$.^««  of  Kova  Scotia  and 
«n  wlvitriicl  of  «  p.>i|H«r  on  )jx»hi  n)ii)in<  in  Nova  Si'oii.^.     Unlifav.  N.S.,  lS7i\  p.  a. 

•etvluiMUATV  rx'pmt  on  rt  s;m>i'«'H»i»l  i»«»rl«'»  undorlylnj:  tho  ^W\l>Wviiini;  nn^kn  of  Kova  Scotia,  mad 
•upiHvttM  to  Ux  th««  <s)uiv,^h^nt  of  tho  l^nr«>utl4in  »,Y«tom.     HAlit'ax«  N.  S..  ISTiK  p|v  14. 

•Ow  th«^  lAiirvnti»n  ami  UuT\nuau  s»«*rl<>«  in  Xo\*aS*vtia  and  New  Bninawiek.  An.  Joar.  ScL,2d  ser^, 
T\»l.  4J<  l^^»v  pp.  i«»l   XVt 
'  N^ac-^  3iii«t  olvAorv.<«iH»n<«  \>n  th««  sol«l  tiohlA  of  ^nt^Us"  An<il  Nova  Sc\»tia.  G<mL  Sttrv.  Canada.    Brpovi 

iv*«  t^^  i!J>^-  n.  u<:i  piv  2^  :j;a» 
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general  aspect,  and  in  the  saccession  of  the  beds  the  whole  series  in 
^ova  Scotia  closely  resembles  the  Cambrian  and  Lin/^ula-flag  series 
of  North  Wales."! 

Dr.  J.  W.  Dawson  reviews  his  stndies  of  the  Atlantic  coast  belt  of 
Kova  Scotia  in  the  sapplement  to  the  second  edition  of  the  Acadian 
Geology,'  and  places  the  slates  and  quartzite  in  the  Cambrian.  He 
states  that  the  evidence  of  fossils  in  determining  the  precise  age  of  these 
rocks  is  onfortnnately  as  yet  somewhat  imperfect,  and  quotes  Prof. 
Hind  as  saying  that  the  entire  thickness  of  the  series  is  12,000  feet; 
of  this  the  lower  or  qnartzite  and  slate  division  comprises  about  9,000 
feet,  and  the  upper  or  ferruginoos  slate  division  about  3.000  feet. 

On  the  colored  geological  map  of  the  Dominion  of  Canada,  pub- 
lished in  1882,  the  Cambrian  rocks  of  Nova  Scotia  are  made  to  extend 
from  near  the  northeastern  point  of  the  peninsula  south  to  Sable  River, 
where  they  are  interrupted  by  a  mass  of  granite  that  extends  to  Har- 
rington Harbor.  From  this  point  around  the  western  slope  to  Annapo- 
lis Basin  they  occupy  a  wide  strip  along  the  shore.  As  represented  on 
the  map  they  occupy  nearly  one-half  of  the  area  of  Nova  Scotia. 

In  1888  Sir  William  Dawson  reviewed  the  rocks  referred  to  the  Cam- 
brian group  on  the  Atlantic  coast  of  Canada,^  stating  that  the  Atlan- 
tic coast  or  gold  series  of  Nova  Scotia  in  their  western  extension 
appeared  to  rest  on  rocks  of  Huronian  aspect.     He  also  says : 

It  hns  unfortiiDately  afforded  no  well-characterized  fossils.  The  markings  caltcd 
Eophytou  and  certain  radiating  bodies  (Astropolithon)  foaud  in  it  are,  however,  sim- 
ilar to  those  occnrring  elsewhere  in  Lower  Cambrian  rocks.  Mnrr<ay  was  dispelled  to 
regard  this  formation  as  corresponding  to  his  ITnronian  in  Newfoundland;  bnt  it 
do4*B  not  agree  with  this  either  in  mineral  character  or  in  fossils,  and  is  perhaps 
rather  to  he  regarde<l  as  a  great  development  of  the  lowest  member  of  the  Cambrian, 
an  exaggerated  equivalent  of  the  Uarlech  grits  and  Llanberris  slates.  In  this  case, 
however,  it  may  be  expected  that  it  will  yet  afford  true  Cambrian  fossils.** 

NEW  BRUNSWICK  AND  CAPE  BRETON. 

In  the  report  for  1842  on  the  geology  of  New  Brunswick  Dr.  Abra- 
ham Gesner '^  uses  the  term  ** Cambrian  system. ^    lie sajs : 

This  name  has  been  applied  to  a  group  of  rocks  situated  beneath  the  ''  Silnriau'' 
strata,  from  which  it  is  not  always  separated  by  any  ver3'  distinct  lino  of  demarca- 
tion, so  far  as  its  lithological  character  is  concerned.  The  few  organic  remains,  how- 
ever, found  in  this  group  are  sufficiently  characteristic  to  make  it  appear  that  the 
forms  of  animal  life  during  the  period  of  the  accumulation  of  its  strata  were  different 
from  those  found  in  the  upper  Silurian  rocks. 

» Op.  cit,  p.  271. 

*Sapp:eroeiit  to  the  second  edition  of  Acatlian  Geology,  oontainlnfi;  ailditional  facts  ns  to  the  p:eo1og- 
leal  fttractore,  fomil  romadis,  nnd  mineral  roHOurcea  of  Nova  Bcotia,  Nevr  Brim.svrick,  and  Prinoe 
Edwanl  Island,  Lond<tn,  1878,  pp.  81-S3. 

*  On  the  Eoznic  and  Palscosoic  rocks  of  the  Atlautlo  roast  of  Canada,  in  comparison  vrlth  thofle  of 
western  Europe  and  of  the  fnteriorof  America.  Qaart.  Jour.  Geol.  Soc.  London,  ls88,vo1. 44.  pp.  804-807. 
Canndi.tn  Record  uf  Science,  vol.  3, 1888,  pp.  182,  183,  230,  231. 

*  Op.  cit.,  p.  805. 

*Keport  on  the  geolof^cal  frarvey  of  the  Province  of  Neve  Brnnswiok,  with  a  topographical  acooant 
of  the  public  lauds  and  districts  explored  in  1842.    St  John,  1843,  p.  72. 
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Tlio  rockH  of  Ml  is  group  extend  from  tlie  American  boundary  line  and  cross  the 
8t.  John  a  little  above  the  Meductic,  and  proceed  in  a  northeast  direction  toward 
Bathurst.     •     •     • 

The  strata  consist  chiefly  of  gran  wacke,  ^ran  wacke  slate,  and  clay  slate.  The  gran- 
wacko  may  be  compare<l  to  a  very  compact  sandstone.  There  are  also  beds  of  con- 
glomerate, containing  bowlders  and  pebbln.i  of  almost  every  variety  of  rock.  The 
cementing  matter  is  generally  calcareous  or  argillaceous;  bnt  it  is  sometimes  silicious, 
and  the  beds  change  imperceptibly  into  quartz  rock.  The  slates  aro  of  difforonfc 
colors;  red,  blue,  and  green  are  often  seen.  Many  of  them  contain  lime,  and  others 
will  supply  roofing  slate. 

The  local  details  of  the  distribution  of  this  series  are  not  given,  nor 
is  the  locality  of  the  city  of  St.  John  mentioned.  Portions  of  the  rocks 
mentioned  by  Dr.  Gesner  are,  however,  now  included  in  the  Cambrian 
group. 

In  his  thinl  report  Dr.  Gesner^  recognizes  two  series  of  rocks,  both 
of  which  are  referred  to  the  Silurian  age.  The  upper  group  consists  of 
limestones,  slates,  and  sandstones,  containing  the  remains  of  plants, 
moHusks,  etc.  The  older  group  is  formed  of  conglomerates,  gray  slates, 
sandstones,  talcose  slates,  and  the  trap  beds  of  Mispeck  and  Black 
Itivers. 

On  a  map  prepared  by  Dr.  James  Robb,'  the  geographic  distribution 
of  the  formations  described  by  Dr.  Gesner  is  outlined,  and  under  the 
"  <3an)brian  system  "  we  find  the  indicated  distribution  of  the  Oambriau 
rocks  to  include  Carboniferous,  Devonian,  Lower  Silurian,  and  Cam- 
brian as  now  known.  In  the  text  of  the  volume  accompanying  the  map 
Mr.  J.  F.  W.  Johnston^  describes  the  geographic  distribution  of  the 
rocks  and  also  their  general  character.  He  states  that  the  rocks  of  the 
Cambrian  are  distinguished  from  those  of  the  Silurian  by  their  greater 
hanlncas  and  by  their  containing  less  lime. 

In  speaking  of  the  rocks  referred  to  the  Lower  Silurian  and  Cam- 
brian, by  Gesner  and  Robb,  Mr.  J.  W.  Dawson*  states  that  for  the  dis- 
tribution of  these  rocks,  as  indicated  on  the  map,  he  was  indebted 
principally  to  the  map  prepared  by  Dr.  llobb.    Of  the  rocks  he  says : 

I  do  not  think  that  at  present  there  is  any  good  ground  for  separating  the  so-called 
Cambrian  rocks  fi*om  those  last  mentioned  [Silurian],  thongli  it  is  quite  probable  that 
they  may  belong  to  an  older  formation,  or  that  they  may  be  older  members  of  the 
same  formation. 

When  relating  the  results  of  a  visit  to  New  Brunswick  Prof.  W. 
B.  Rogers'^  described,  by  the  aid  of  a  section,  the  stratigraphic  features 
exhibited  at  the  junction  of  the  older  and  less  ancient  groups  of  strata 
on  the  St.  John's  and  Kennebecasis  Eivers,  a  few  miles  above  the  city 

1  Thinl  report  on  tho  goo1oi;ical  survey  of  the  province  of  New  Brunswick.    St  John,  1841,  pp  5-11. 

*[  Letter  on  the  geological  structure  of  Now  li  runs  wick.]  Report  on  tbo  agricultural  capabilities 
of  the  province  of  New  Brunswick,  by  J.  F.  W.  Johnston.    Fredericton,  1850,  pp.  12, 13. 

'  lieport  on  tho  agricultural  capabilities  of  the  province  of  New  Brunswick.  Fredericton,  1850,  pp. 
17, 18. 

*  Acadian  Geology,  first  edition,  1855,  pp.  324, 325. 

'Remarks  on  the  geology  of  the  neighborhood  of  St.  John,  New  Bninswiok.  Boston  Soo.  Nat 
Hist.Proo.,  Tol.  7, 1861,  p.  176L 


WALCOTT)  NEW    BRUNSWICK    AND    CAPE    BRETON.  61 

of  St.  Jobu,  a8  observed  by  Dr.  Kobb  aud  himself.  Referring  to  the 
probable  ages  of  the  two  groups  he  states  that  the  only  fossils  discov- 
ered consist  of  vegetable  impressions  found  by  Dr.  Eobb  at  several 
localities,  and  some  black  scale  like  fragments  of  shells  that  he  found 
about  the  city  of  St  John  in  loose  pieoes  of  siliceous  slate.  At  several 
points  the  layers  of  rock  in  place  are  crowded  with  these  remains,  the 
more  entire  of  which  presented  the  form  and  markings  of  a  Lingula. 

Dr.  J.  W.  Dawson  described  in  18G2  the  strata  about  St.  John,  aud 
published  a  section^  that  includes  the  shales  and  slates  of  the  vicinity 
of  the  city;  and,  in  the  same  section,  a  series  of  beds  which  have  since 
2>roved  to  be  of  Devonian  age.  He  staters  that  the  age  of  the  lower 
meuibers  was  less  certain.  They  may  represent  either  the  Middle  and 
Lower  Devonian,  or  may  be  in  part  of  Silurian  age.  "The  only  deter- 
minable fo8sil,  the  Lingula  of  the  St.  John  shales,  aifords  no  decisive 
bohuion  of  this  question." 

In  proposing  a  classification  for  the  pre-Devonian  rocks  of  New  Bruns- 
wick, Mr.  G.  F.  Matthew  2  states  that  Gesner's  older  group  is  to  a 
great  extent  younger  than  his  upper  series.  Be  reviews  the  classifica- 
tion of  Dr.  Dawson'  dividing  the  formations  into  several  groups,,  pro- 
posing the  name  St.  John  group  for  Nos.  5  and  6  (in  part)  of  Dawson's 
section  of  1862.  He  says  that  the  St  John  group  is  formed  of  several 
zones  of  soft,  black,  dark  gray,  finely  laminated  shales,  alternating  with 
zones  of  coarser  gray  slates,  containing  numerous  thin  beds  of  fine- 
grained sandstone,  the  whole  having  a  thickness  of  about  3,000  feet. 
The  fossils  noticed  were  a  Lingula,  a  Oonchifer,  Annelids  and  Ooprolit^s.^ 
The  Cold  brook  group.  No.  G  of  Dawson,  in  x)art,  is  given  a  thickness  of 
3,000  feet  or  more  composed  of  greenish  gray  slate,  bright  red  slaty 
conglomerat-e  aud  dark  red  saudy  shale,  with  a  reddish  conglomerate, 
grit  and  hard,  gray  sandstone.  The  paper  is  accompanied  by  a  map 
showing  the  geographical  distribution;  also  a  section  crossing  the  dis- 
trict in  the  vicinity  of  St  .John.  In  a  foot-note  mention'  is  made  of 
the  discovery  of  numerous  trilobites  of  two  or  three  species,  but  they 
were  so  excessively  distorted  that  the  genera  could  not  be  made  out. 

In  some  observations  on  the  geology  of  southern  New  Brunswick, 
Prof.  L.  W.  Bailey*  reprinted  the  table  of  formations  published  by  Mr. 
Matthew  in  1863.  In  a  table  on  page  14  he  places  the  St.  John  group 
at  the  base  of  the  Lower  Silurian  as  an  equivalent  of  the  Potsdam  or 
Primordial  of  New  York  and  the  Quebec  group  of  Canada.  A  full  de- 
scription of  the  St.  John  group  is  given,^  aud  accompanying  it  a  letter 

'  On  ibe  flora  of  the  Devoaian  period  in  northeafttora  Aiuerica.  Quart.  Jour.  Geol.  Soo.  London,  yoL 
18. 1862,  p.  303. 

'  Obacrvatiuua  on  tlie  geology  of  St  John  County,  New  Bmnswick.  Canadian  Nat.,  voL  8, 1803.  p. 
243. 

*  Op.  cit,,  p.  242. 

*  Op.  cit ,  p.  244. 
»  Op.  cit,,  p.  247. 

*  OlwervatioDA  on  tlie  geology  of  soathern  New  BruuBwiok.    Fiederioton,  1865, p.  SL 
'Op. oil.,  pp. 26-^. 
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from  Mr.  G.  FriMJ  Ilartt,'  id  which  he  states  that  he  has  recognized  foar 
genera  of  trilobites  from  the  8L  John  rocks,  viz,  Paradoxides,  Cono- 
cephalites,  Aguostas  and  a  new  genas  (?)  allied  to  Ck>nooephaliteB. 
There  are  also  six  s|)ecies  of  Brachiopods,  belonging  to  the  genera  Or- 
thisiua,  Discina,  Obolella,  and  Lingnla.  Althongh  all  of  the  species  are 
apparently  new,  the  occurrence  of  Paradoxides  and  Conocephalites  led 
31  r.  Ilartt  to  correlate  the  entire  fauna  with  the  Primordial  fauna  of  Bar- 
rande.  lie  states  that  the  lower  part  of  the  St  John  grqpp,  at  Ck>ld- 
brook,  has  been  divided  by  BIr.  Matthew,  on  lithological  grounds,  into 
three  bauds,  viz : 

No.  1. — The  loner  or  arenaceous  band,  with  no  detenniDable  fofisiU,  and  con- 
niitutiuj;  paiiDage  hedH  from  the  Coldbruok  gronp. 

No.  2. — Ar';illaceouii  shales,  rich  in  fossils,  Paradoxides,  Orthioiiia  t,  Conoceph- 
alites, Obolella. 

No.  3. — Carbonaceous  shales,  fnll  of  fossils,  Paradoxides,  CoDOcephalites,  Oi^ 
thisina,  Discioa,  etc.,  all  much  distorted. 

In  the  same  year  Mr.  G.  F.  Matthew  described  the  Azoic  rocks  of 
southern  New  Brunswick.^  He  gave  the  geographic  distribution  of 
the  St.  John  series,  and  a  detailed  section  of  the  formation,  to  which  he 
assigned  a  total  thickness  of  4,500  feet  He  mentions  the  identification 
of  tiie  fauna  by  Prof  Hartt ;  and  refers  the  St.  John  group  to  the  Lower 
Siliiriau,  correlating  it  with  the  Paradoxides  harlani  beds  of  Massachn- 
settH;  with  the  Paradoxides  bennetti  beds  of  Newfoundland;  the  Lin- 
guhiliiigH  of  Great  Britain;  the  alum-schists  of  Scandinavia  and 
^^  Irltage  C  of  Barrande  in  Bohemia.^  He  states  that  the  upper  por- 
tion of  the  Hection  may  be  the  equivalent  of  the  Oalciferous,  perhaps 
the  (Jliazy.  The  subjacent  Coldbrook  group  is  referred  to  the  Huronian, 
while  the  terms  Cambrian  and  Huronian  aroused  as  synon^'ms  in  their 
application  to  the  Coldbrook  formation/ 

in  noticing  the  discoveries  made  by  Messrs. G.  F,  Matthew  and  C.  F. 
liartt,  Dr.  J.  W,  Dawson  refers  to  the  correlation  made  by  Prof.  Hartt, 
and  proposes  to  call  this  series,  represented  in  New  Brunswick  by  the 
St.  John  slates,  the  Acadian  series.^  In  18G8  he  republished  all  the  facts 
known  to  liini  in  relation  to  the  St.  John  groui),  naming  it  the  Acadian 
group,  and  including  it  under  the  Lower  Silurian.^  The  section  given 
by  Mr.  Matthew  is  published,  and  also  descriptions  by  Mr.  C.  F.  Hartt 
of  all  the  species  discovered  by  Messrs.  Matthew  and  Hartt  in  the  St. 
John  j»Toup.' 

'  1*trliiiiinnry  uoliooof  n  faiinaof  the  Primordial  period  in  the  vioinity  of  St  John,  N.B.  Obaer* 
ViitloiiH  on  the  (Jcolofty  of  southoru  Nov  Brunswiok,  18ti5,  pp.30,3l. 

■On  tlio  Aeoic  and  PaleoKoio  rocka  of  Bouthom  New Bruuawiok.  Quar.  Jour.  GeoL  Soo., London, 
▼ol.  21, 180:),  pp.  422-434,  map. 

M)p.oit.,pp.420,427. 

«Op.clt.,p.427. 

*  On  recant  f^ouloKioal  diHcoverien  In  the  Acadian  provinces  of  British  AmerioR.  Am.  Assoc.,  Proo., 
vvl  10, 1H07.  p.  1 18.    CniuMlian  Nat,  new  serioa,  vol.  3, 18(>8,  pp.  295-297. 

*  Ai-atUiin  (i»ul<i>;v.  Tlio  K«oiogical  Btruolure,  organic  remains,  and  mineral  resources  of  Nov»  Sco- 
tia, Now  Hnin.tw  ick  and  Pi:  uco  Edw.  Island,  London,  1868, pp. 637-441, 2d  ed. 

'  Op.  cit,  pp.  641-607. 
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In  1869  Messrs.  Matthew  aiul  Bailey '  described  in  a  general  manner 
the  rocks  referred  to  the  Lower  Sihirian  and  stated  that  this  series  in- 
cludes about  150  feet  of  shites  (holding  Paradoxides,  Conocephalites, 
Agnostas,  and  other  trilobites,  besides  several  genera  of  Brachiopods), 
and  an  ovcrljiug  mass,  measuring  not  less  than  2,000  feet,  of  flags  and 
slates  containing  Liugulie,  worm  burrows,  etc.  Under  the  caption  of 
**  Lower  Silurian,"  the  same  writers,  three  years  later,*  include  the  8t. 
John  or  Acadian  group.  A  brief  historical  sketch  is  given,  and  a  list  of 
fossils  that  have  been  describeil  from  the  formation,  with  a  statement 
that  the  apparent  thickness  of  the  whole  formation,  as  measured  in  the 
city  of  St.  John,  is  about  4,500  feet.  Owing  to  the  disturbed  condition  of 
the  beds  the  actual  thickness  may  be  much  less.  It  repetitions  occur, 
the  aggregate  thickness  of  the  series,  exclusive  of  the  lower  red  beds — 
which  have  been  called  Upper  Goldbrook — will  not  much  exceed  2,000 
feet.^  This  general  ilescription  is  followed  by  a  detiiiled  one,  and  a 
copy  of  Mr.  Matthew's  section  at  the  city  of  St.  John.^  The  St.  John 
group  is  then  described  as  found  in  the  Kennebecasis  Valley,  in  north- 
ern King^s  County;  in  Wickham,  Queen's  County;  in  Nerepis  Valley, 
and  in  Charlotte  County. 

In  the  supplement  to  the  second  edition  of  Acadian  Geology,  Dr.  J. 
W.  Dawson^  introduces  the  term  ^'Cambrian  "  and  includes  under  it  the 
Acadian  series  of  St.  John  and  also  the  great  Atlantic  coast  series  of 
Nova  Scotia.  Nothing  is  added  in  the  way  of  descriptive  details  to 
those  given  in  the  edition  of  1808. 

During  the  survey  of  the  island  of  Capo  Breton,  Mr.  Hugh  Fletcher 
discovered  near  Marion  Bridge,  on  the  banksof  the  Mira  liiver,  aseries 
of  light  gray,  slaty,  finegrained,  fe1dsi)athic  sandstones,  associated 
with  red  and  green  mottled  sandstone  in  which  he  found  numerous 
specimens  of  Obolella.  He  points  out  the  lithologic  resemblance  of 
these  rocks  to  the  Primordial  rocks  found  by  Mr.  Alexander  Murray  in 
the  southeastern  part  of  Newfoundland  and  to  those  on  the  Strait  of 
Belle  Isle  examined  by  Mr.  Kichardson.^  lie  also  describes  a  series  of 
purple,  red,  and  green  slates,  sandstones,  and  limestones,  that  he  refers 
to  the  Lower  Silurian.^  A  detailed  section  of  the  rocks  is  given  as  they 
occur  along  St.  Andrew  Channel.  In  one  of  the  greenish  and  blue 
papery  slates  he  found  impressions  of  an  Obolella,  with  the  head  and 
tail  of  a  trilobite,  recognized  by  Mr.  Billings  as  of  Primordial  or  Quebec 

I  Beniarka  on  the  ago  and  relations  of  the  metajiiorpbic  rocks  of  Now  BrunHwick  and  Maine.  Am. 
Assoc. ,  Proc,  vol.  18, 18G9,  pp.  182, 183.    Can.  NaL,  new  sor..  vol.  4,  lfi(i9,  pp.  326-328. 

'  Preliminary  report  on  the  geology  of  soiiibom  New  Brunswick.  G coL  Surv.  Canada,  Bep.  of  Prog., 
1870-*71, 1872,  p.  134. 

>Op.cit.p.l35. 

«  Op.  cit.,  pp.  136,137. 

*SnppIemeut  to  the  second  edition  of  Acadian  Geology,  containing  additional  facts  as  to  the  geolog* 
leal  slnictnre,  fossil  remains,  and  mineral  resources  of  Kova  Scotia,  New  Brunswick,  and  Prince, 
Eilwsnl  Island,  London,  1878,  p.  81. 

*  Bcpurt  of  explorallons  and  surveys  in  Cape  Breton,  Nova  Scotia.  Geol.  Surv.  Can.,  Kep.  Prog. 
l87:i-'76.  1877.  p.  393. 

'U|«.cit..p.  388. 
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group  li^e.  111  1)18  rei)ort  lor  the  following  year  he*  described  a  num 
ber  of  sections,  referring  tlieoi  to  the  Lower  Silurian,  and  mentioning 
the  occurrence  of  Lingnla,  Oholella,  and  Dictyoneuia  in  some  of  the 
beds. 

In  a  report  on  the  slate  formation  in  the  northern  part  of  Charlotte 
County,  New  Brunswick,  Mr.  G.  F.  Matthew^  states  that  the  St.  John 
group  occurs  in  the  interval  between  the  Kingston  or  Upiicr  Silnriaii 
rocks  and  the  inclosing  Laurentiau  ridges  iu  King's  County.  No  details 
are  given  of  the  St  John  group. 

A  rei)ort  on  the  Primordial-Silurian  rocks  of  New  Brunswick  by  Mr. 
L.  W.  Bailey^  presents  a  detailed  description  of  the  St.  John  group.  A 
section  is  given  of  the  strata  on  EatclifiTe's  Millstreaui  and  Llandford 
Brook  and  local  details  of  geographic  distribution.  This  is  accompanied 
by  a  list  of  the  fossils  found  which  were  ideutitied  by  Mr.  J.  F.  Whit- 
eaves. 

In  a  later  report  on  the  geology  of  southern  New  Brunswick*  the 
Cambrian  or  Primordial  Silurian  rocks  are  described  as  occupying 
basins  or  trough-like  depressions  among  the  older  hills  of  x>re- Cambrian 
rocks  east  of  the  St.  John  River. 

In  speaking  of  the  strata  carrying  the  Paradoxides  in  the  vicinity 
of  the  city  of  St.  John,  Mr.  6.  F.  Matthew'  states  that  the  strata  of 
the  St.  John  group  till  a  number  of  narrow,  trough  like  basins  lying 
betvyeen  the  Bay  of  Fundy  and  the  central  Carboniferous  area  of  New 
Brunswick.  A  carefully  measured  and  detailed  section  of  the  St.  John 
outcrop  is  given  with  a  description  of  the  conditions  under  which  the 
fossils  occur  in  the  same.  A  thickness  of  2,000  feet  is  assigned  to  the 
section. 

The  same  writer  argues  in  a  paper  on  the  ^<  Geologic  Age  of  the 
Acadian  Fauna "^  that  on  the  evidence  of  the  trilobites  the  St.  John 
group  does  not  quite  correspond  to  the  Menevian  of  Wales,  in  the  re- 
stricted application  of  that  term ;  but,  as  a  whole,  they  indicate  the  sub- 
jacent Solva  group  as  the  equivalent  formation  to  the  St.  John  group. 
He  repeats  this  correlation  a  year  later,"  when  he  says :  "  Prof,  tiartt 
fixed  the  age  of  the  St.  John  group  as  nearly  as  was  possible  in  his  time 

'  Iwoport  on  Uio  geology  of  part;  of  tho  coantios  of  Victoria,  Capo  Brolou,  and  Iliubmond,  Nova  Scotia. 
Geol.  Surv.  Cao  ,  Kop.  Prog,  fur  1876-77.    Moutreul,  1878,  pp.  429-437. 

*  £<>port  on  the  slato  formations  of  tbo  northern  pnrt  of  Charlotte  County,  New  Brunswick.  GeoL 
Surv.  Canada,  Rt^p.  Pro;;,  for  187G-'77.    Montreol,  1878,  pp.  342, 343.  ■ 

'Report  on  tlie  pro-Silnrian  (Iluronian)and  Cambrian  or  Primordial  Silurian  rocks  of  southern  New 
Brunswick.    Gool.  Surv.  Can.,  Rep.  Prog.,  1877-78,  1879;  p.28DD-34DD. 

*  Bailey,  L.  W.,  6.  F.  Matthew,  and  R.  W.  Ells.  Report  on  the  geology  of  southern  New  Brunswick, 
embracing  the  counties  of  Charlotte,  Suubury,  Queens,  Kings,  St  John,  and  Alliert.  GeoL  Surv.  Can., 
Rep.  Prog.,  1878-1879,  1880,  pp.0D-8D. 

*  Illustrations  of  tha  fauna  of  the  SL  John  group.  Royal  Soo.  Canada,  Proc.  and  Trans.,  vol.  1,  aeo. 
Iv,  IBtfli,  pp.  8.-88;  pp,  271-279. 

*Tlie  Geologic  Age  of  tho  Acadian  fauna.  Tho  Primitive  Cimocorypbcan.  British  Asaoo.  Rep.,  64th 
meeting,  1884,  pp.  742-743.  The  Geologic  Ago  of  tho  Acadian  Fauna.  Geol.  Mag.,  new  sor.,  decade  3, 
vol.1.  1884,  pp.  470-471. 

'An  out  lino  of  recent  discoveriea  in  tlio  St.  John  group.  New  Brunswick  Nat  Hist  Soc  BulL  No. 
4,1885,  p.8& 
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as  '  Primordial,'  or,  as  we  now  call  it,  Cambrian.''  He  then  calls  atten- 
tion to  the  article  in  which  he  correlated  the  St.  John  group  fauna  with 
the  Solva  group,  stating,  '*  In  other  words,  it  is  the  fauna  of  the  older 
part  of  the  Lower  Cambrian." 

In  a  preliminary  study  of  the  Cambrian  fauna  of  North  America^  a 
review  is  given  of  the  history  of  the  term  "  St.  John  group  "  by  Mr.  C.  D. 
Walcott.  In  this  the  use  of  '*  St.  John  "  was  advocated  as  against  ** Aca- 
dian," and  all  species  described  by  Mr.  C.  F.  Hartt  in  the  second  edition 
of  Dawson's  Acadian  Geology  were  illustrated. 

When  discussing  the  fannasof  theSt.  John  group,  Mr.  Matthew'  states 
that  it  is  highly  probable  that  the  group  covers  nearly  the  whole  of  the 
Cambrian  age ;  and  that  the  fauna  of  the  Upper  Cambrian  is  equivalent 
to  that  of  the  shallow- water  deposit  of  the  iSt.  John  group  near  the  sum- 
mit of  the  series.  The  fauna  discovered  by  Mr.  Fletcher  in  the  Cam- 
brian shales  of  Mira  Kivei^,  Cape  Breton  Island,  is  considered  by  Mr. 
Matthew^  to  belong  to  the  Olenus  division  of  the  Cambrian  fauna.  The 
species  recognized  by  him  are  Peltura  scarabceoides,  Sphcerophthalmys 
alatus^  and  Agnostus  pisiformis.  In  the-  same  paper  he  meutions  the 
faunas  of  the  Olenus  division  as  found  in  Newfoundland.  (An  abstract 
of.  this  paper  appeared  in  the  Canadian  Record  of  Science,  vol.  2, 1886, 
pp.  255-258.) 

Incited  by  the  announcement  of  the  discovery  of  fossils  beneath  the 
Paradoxides  zone  in  Sweden  and  Eussia,  Mr.  Matthew*  began  anew  the 
study  of  the  red  rocks  beneath  the  Paradoxides  zone.  These  strata 
had  been  spoken  of  as  the  upper  member  of  the  Coldbrook  group*  and  as 
constituting  a  series  lower  than  the  Primordial  rocks  at  the  base  of  the 
Silurian.  They  were  subsequently  joined  to  the  St.  John  groups  as  the 
base  of  that  group.  In  a  later  report  in  1888,  Mr.  Matthew''  says:  "•  It' 
is  now  found  that  this  red  series  is  unconformable,  not  only  to  the  St. 
John  group,  but  also  (as  had  been  previously  discovered)  to  the  under- 
lying Coldbrook  group."  In  the  valley  of  LongEeach  of  the  St.  John 
Eiver  Mr.  Matthew  estimates  that  the  red  series  has  a  thickness  of  1,200 
feet.  He  compares  it  with  the  red  shales  described  by  Dr.  Murray  in 
Newfoundland^  and  correlates  it  with  the  Caerfai  group  of  Wales  and 
the  lower  division  of  the  Sparagmite  formation  of  Norway.^  A  detailed 
description  of  the  section  is  given^®  with  names  of  the  fossils  that  have 
been  found  in  the  various  beds.    These  include  trails  and  casts  of  marine 


*  Oq  tho  Cambriftn  faanag  of  North  America ;  preliminary  studies.  U.  S.  Geological  Survey  liuH.  No. 
10,  Tol.  2,  ISBi,  p.  2S9,  separately  paged,  p.  9. 

*  niustnitioBs  of  the  fauna  of  the  St.  John  group,  No.  4,  Can.  Rec.  Sci.,  vol.  2, 1S87,  p.  362.     ( A  bstract.) 

*  On  th«.:  (.'aiiibrian  faunas  of  Cape  Breton  and  Newfoundliiud.  Eoyal  Sue.  Canada  Proc  and  Traii.s., 
ToL  4,  aec.  4, 1887,  p,  147. 

*  On  a  basal  .nerioa  of  Cambrian  rocks  in  Acadia.    Can.  Rec.  Sci.,  vol.  3, 1888,  pp.  21-2Q. 
•ObBervatioiis  on  the  geology  of  southern  New  Brunswick.    Fredericton,  1865,  p.  24. 

•Bailey,  L.  W.,  and  G.  F.  Matthew.    Preliminary  report  on  the  geology  of  southern  New  Brtinswick- 
GeoL  SuTT.  Can.,  Rep.  Prog.,  1870-71, 1872,  p.  50. 
'On  a  basal  scries  of  Cambiian  rocks  in  Acadia.  Can.  Rec.  Sci.,  vol.3, 1888,  p. 22. 

*  Op.  clt.,  p.  23.  '  Of>.  cit,  p.  25.  " Op.  cit.  p.  27. 
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worms,  tracks,  and  an  unrecognized  brachiopod.  This  paper  was  fol- 
lowed in  tbe  same  year  by  an  article  on  the  classification  of  the  Cam- 
brian rocks  of  Acadia  in  which  the  classification  of  the  Cambrian  sys- 
tem in  Acadia  and  Newfoundland  is  given  as  follows:* 

Series  A. — The  Basal  series  or  Eteniiliian. 
Scries  B. — The  St.  John  group  or  Acadian. 
Series  C. — ^The  Lower  Potsdam  or  Georgian. 
Series  D. — The  PotHdam  sandstone  and  limestone. 

The  division  of  series  A  was  noticed  in  the  preceding  paper  by  Mr. 
Matthew.  In  series  B  he  includes  the  zone  of  Paradoxides ;  describes 
the  rocks  in  detail,  and  gives  lists  of  the  genera  of  the  fossils.  Series 
C,  tbe  Lower  Potsdam  of  Billings,  he  states  has  not  been  recognized  on 
tlie  mainland  of  Acadia,  but  is  found  in  the  Island  of  Cape  Breton, 
where  the  fossils  are  Bathyurus,  Orthisina,  Orthis,  Eyolithes princeps. 
This  series  is  placed  provisionally  above  B.*  Series  D,  or  the  Pots- 
dam series  of  New  York  and  the  Mississippi  Valley,  is  stated  to  be  ab- 
sent from  New  Brunswick  and,  as  far  as  known,  from  the  eastern 
border  of  the  continent.  ^ 

A  reclassification  of  the  Cambrian  rocks  of  North  America  was  pub- 
lished in  1888  by  Mr.  C.  D.  Walcott  aS  follows:* 

Table  I. — Lower  Silurian  {Ordovician)  system. 


SubiliTislons. 

Terranes. 

Faunas. 

TTriDcr  Cambrian  .......... Pot^flsim.  "lviiftT_  Tonti*.  B**!!  Ti»l«.  af-n 

Dicellocephalna  or 

Olenns.     , 
Parado  xidea. 

Middle  Cambrian 

Si.  Jobn.  Avalon.  Braintree 

Lower  Cambrian 

Georgia,  Prospect,  Terra  Nova... 

OleuelluB. 

This  is  followed  by  a  comparison  of  typical  sections  of  the  Cambrian 
system  in  Sweden,  Newfoundland,  New  York,  and  the  Bocky  Mountains. 
The  section  on  Manuel's  Brook,  Conception  Bay,  Newfoundland,  where 
tbe  true  stratigraphic  succession  of  the  Cambrian  deposits  in  America 
was  first  discovered,  is  given  in  detail. 

On  learning  of  the  discovery  of  the  Olenellus  fauna  beneath  the 
Paradoxides  zone  in  Newfoundland,  Mr.  Matthew  published  a  second 
l)aper  "On  the  classification  of  the  Cambrian  rocks  in  Acadia,"  in 
which  he  arranged  the  Cambrian  system  as  it  occurs  in  Acadia  as 
follows:* 

Localities. 

D.  Upper  Cambrian  (Potsdam  series) Unknown. 

C.  Middle  and  Lower  Cambrian— Acadian  series St.  John,  etc. 

B.  Lower  Cambrian— Georgian  series Cape  Breton. 

A.  Pasal  Cambrian — Etcheminian  series .'. St.  John,  etc. 

'  Matthew,  G.  F.    On  tbe  claasiflcation  of  the  Cambrian  rocks  of  Acadia.    Can.  Rec.  So!.,  rol.  3, 1888, 

II.  72. 

'Op.  oit,  pp. 73-74.  >  Op.  cit ,  p.  80. 

*The  stratlgrapbical  snccession  of  tbo  Cambrian  faanas  in  Xori;b  America.    Natare,  toI.  88,1888, 
p  5'>l. 

'  On  tbe  classification  of  tbe  Cambrian  rocks  in  Acadia.    No.  2.    Can.  Reo.  Sci.,  vol.  3, 1889,  p.  310. 
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Instituting  comparisons  between  the  sections  of  Sweden  and  New 
Brunswick,  lie  discusses  the  general  relations  of  the  Cambrian  fauna 
of  North  America.  The  organic  remains  found  in  band  B  are  an 
Ap:ranlos,  and  at  the  base  of  the  zone  an  ElUpsocephalns,  of  the  type 
associated  with  Olenellus  (?)  Jgerulfi  in  Europe.  At  the  base  of  band  B 
Le  found  a  species  of  Obolus  which  he  described  as  Oboluspulcher.^  This 
€om])rises  the  Lower  Cambrian  fauna  or  pre-Paradoxides  fauna  as 
known  to  him  from  New  Brunswick  up  to  date. 

In  another  paper  on  the  '*  Cambrian  organisms  in  Acadia,"  pub- 
lished in  the  same  year,  he  notes  the  discovery  in  the  lower  beds  of  the 
St.  John  section,  beneath  the  Paradoxides  beds,  of  several  varieties  of 
fi;>onges,  a  species  of  Palneochorda  and  another  undescribed  species. 
Undoubted  examples  of  Platysolenites  of  Pander  also  occur.'  Men- 
tion is  made  of  the  discovery  above  the  Paradoxides  zone  in  the  Olenus 
horizon,  of  three  species  of  fossils,  and  above  this  another  stage  which  he 
has  placed  under  the  title  of  Peltura  beds,  corresponding  in  age  to  the 
Cape  Breton  Upper  Cambrian  beds. 

In  September,  18S9,  Mr.  Matthew ^  argues  for  the  uniting  of  the 
Olenellus  or  Lower  Cambrian,  and  the  Paradoxides  or  Menevian  zone, 
as  one  division  of  the  Cambrian,  and  the  strata  above  the  Paradoxides 
zone  as  the  upper  division,  thus  returning  to  the  classification  of  Salter 
and  Hicks,  adopted  for  the  Cambrian  strata  of  Wales. 

The  full  text  of  Mr.  Matthew's  paper  on  the  Cambrian  organisms  in 
Acadia  was  distributed  in  June,  1890.  It  deals  almost  entirely  with 
the  pre-Paradoxides  or  Basal  series  of  the  Cambrian  section  of  New 
Brunswick,  and  is  accomi)anied  by  both  tabulated  and  illustrated  sec- 
tions and  sketch  maps  of  Han  ford  Brook  and  Catenas  Island.^  It  is 
referred  to  at  length  in  the  description  of  the  Cambrian  rocks  of  New 
Brunswick  in  this  paper  (Chapter,  rv). 

In  a  paper  read  May  28, 1890,  Mr.  G.  F.  Matthew  gives  a  detailed 
description  of  the  geologic  structure  of  the  St.  John  basin  in  connection 
with  three  sections  crossing  it.  Further  notice  of  it  will  be, found  in 
the  summary  of  our  present  knowledge  of  the  St.  John  terrane  of  New 
Brunswick.* 

In  a  list  of  the  geological  formations  of  the  Maritime  Provinces  of 
Canada,  Dr.  George  M.  Dawson  tabulates  the  Cambrian  as  follows :  • 

2c.  Upper  Cambrian ^  Mird  and  St.  Andrew  series. 

(  Cape  BretOD. 

2b,  Middle  Cambrian  Acadian  series. 

2a.  Lower  Cambrian .J  Atlantic  Coast  series. 

(  Nova  Scotia. 

'  Op.  cit.,  p.  300. 

'On  the  Cambrian  or^nisras  in  Acadia.    Can.  Rec.  Sci.,  vol.  3, 1R80,  p.  384. 

'How  U  the  Cambrian  divided!  A  plea  fur  the  classiflcation  of  Salter  and  Hicks.  Am.  Qeol.,  vol. 
4, 1889.  pp.  130L-U8. 

*0a  Cambrian  orf^aniama  in  Acadia.    Trans.  Roy.  Soc.  Can.,  vol.  7,  bcc.  4, 1800,  pp.  138-143. 

'Matthew,  O.  F.  Hlastrations  of  the  faana  of  the  St  John  group,  No.  6.  Trans.  Roy.  Soc.  of  Canada^ 
ToL  8,  sec.  4, 1891,  pp.  123-130,  pis.  Il-xvi. 

'An  American  Geological  Railway  Guide.    Jame  sMcFarlane.    2d  ed.,  1890,  p.  62. 
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When  describing  the  quartz  rock  of  Bar  Harbor,  Mount  Desert 
Island,  Prof.  C.  IJ.  Hitchcock^  suggested  a  Lower  Silurian  a^e  for  the 
siliceous  slates  associated  with  the  coarse  sandstone  or  quartz  rock, 
by  comparison  with  similar  rocks  on  Flint  Island,  of  which  he  had 
stated  that  the  correlation  was  more  from  fancy  than  real  argument, 
because  it  reminded  him  so  much  of  the  Potsdam  sandstone  in  its  ex- 
ternal appearance. 

At  a  later  date  he  says : ' 

The  first  rock  is  a  sandstone  at  Bar  Harbor,  dipping  at  an  an^le  of  twelve  degrees. 
Hippie  marks  cover  the  surface  of  many  layers,  and  curious  cylindrical  stems  tantalize 
us  by  their  resemblance  to  fossils.    The  formation  is  probably  of  Cambrian  age. 

The  strata  included  under  the  title  of  "Cambrian"  about  Portland^ 
Maine,  is  described  by  Prof.  Hitchcock  ^  as  follows : 

These  rocks  crop  out  in  Saco,  a  dozen  miles  west.  They  are  clay  slates  and  indu- 
rated argillaceous  schists,  the  latter  having  a  northwest  strike,  while  the  rocks  of  the 
older  series  run  northeasterly.  These  rocks  are  in  character  and  position  allied  to 
the  Cambrian  Paradoxides  slates  of  Massachusetts,  and  exist  in  immense  mass  along 
the  coast  of  Maine  west  of  Saoo,  and  in  New  Hampshire. 

The  correlation  of  these  beds  is  based  entirely  upon  their  lithological 
characters,  as  no  mention  is  made  of  any  fossils  having  been  found  in 
them. 

In  his  account  of  the  geology  about  Frenchman's  Bay,  on  the  coast 
of  Maine,  Dr.  W.  O.  Crosby  describes  the  slate  formation.  The  pre- 
vailing rock  is  a  compact  and  well  jointed  argillite  or.  clay  slate,  of 
black,  drab,  and  purple  tints,  with  distinct  stratification.  The  author 
concluded  that  these  rocks  are  the  newest  rocks  on  this  part  of  the 
coast,  by  their  relations  in  dip  and  distribution  to  the  present  contours 
of  the  land;  by  their  uucrystalline  character;  by  their  relations  to  the 
intrusives;  by  the  fossils  which  they  contain.  The  latter  he  describes 
as  smoothly  and  even  gracefully  curved  semi-cylindrical  grooves  and 
ridges  about  a  line  in  diameter ;  they  are  often  a  foot  or  two  in  length, 
and  might  sometimes  be  regarded  as  annelid  trails,  but  in  other  cases 
they  are  irregularly  branched  in  a  way  that  would  be  impossible  with 
worm-grooves,  but  is  very  suggestive  of  smooth,  slender  fucoids.*  The 
general  conclusion  reached  was  that  the  Frenchman's  Bay  series  be- 
longed somewhere  between  the  top  and  bottom  of  the  Cambrian,  with 
the  chances  in  favor  of  its  being  near  the  latter.  In  other  words,  his 
observations  tended  to  cornoborate  the  suggestion  made  by  Prof.  Hitch- 
cock twenty  years  before.    He  further  states : 

I  Reports  on  the  Geology  of  Maiue.  Second  annual  report  on  the  natural  history  and  ^colo^y  of 
Maine.    Augusta,  1862.  pp.  269-271. 

*  Geology  of  New  Hampshire.    Concord,  187 1,  vol.  2,  p.  32. 

■  The  geology  of  Portland.    Am.  Assoc.  Proc,  voL  22,  pt.  2, 1873,  p.  16S. 

*Goology  of  Frenchman's  Bay,  Maine.  Boston  Soc.  Nat.  Hist.,  Proc,  vol.  21, 1881,  pp.  111-116.  Geol- 
of  Frenchman's  Bay,  Maine,  Just  east  of  Mount  Desert  Island.  Am.  Jour.  Sci.,  3d  ser.,  vol.  23, 1882,  p.  64. 
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The  resemblance  of  these  rocks  to  the  Acj^dian  slates  of  the  Boston  Basin  and  St. 
John  is  very  marked;  and  I  join  with  Prof.  Hitchcock  in  anticipating  the  discovery 
on  the  Maine  coast  of  characteristic  Primordial  fossils.^ 

In  describ  ng  a  geologic  map  of  Maine,  Prof.  Hitchcock  says  that  he 
is  unable  to  divide  the  OambriaD  and  Haronian,  owing  to  a  want  of 
knowledge  of  their  distribution. 

They  are  the  talcose  and  mica  schists  of  the  reports,  called  the  Quebec  gronp  by 
H.  Y.  Hind  and  Sir  W.  £.  Logan ;  the  St.  John's  group  in  New  Brunswick^  and  the 
Merrimack,  Rockingham,  Kearsage,  Andalnsite,  and  Co5s  groups  of  the  New  Hamp- 
shire reports.  •  *  •  *  They  were  called  Cambrian  in  New  Brunswick  by  Gesner, 
and  in  our  second  report  it  was  said  that  this  term  might  ultimately  express  their 
true  age.  Subsequently  Bailey  and  Matthew  referred  them  to  the  Lower  Devonian 
but  the  drift  of  opinion  is  towards  the  earlier  view  at  present.' 

On  the  map  it  is  very  difficult  to  make  out  the  distribution,  owing  to 
the  color  of  the  Lanrentian,  Silurian,  and  the  Gambrian  being  appa- 
rently identical.  The  supposed  Cambrian  rocks  of  New  Hampshire 
and  southeastern  Canada  follow  up  the  valley  of  the  St.  John  River 
from  a  littfe  distance  above  the  entrance  of  the  AUegosh  River,  and 
along  the  Canadian  boundary  line  nearly  to  the  boundary  of  New 
Hampshire.  The  Canadian  extension  of  these  rocks  is  described  more 
in  detail  and  will  be  mentioned  under  the  head  of  the  Canadian  Exten- 
sion of  the  Northern  Appalachian  District  (Chapter  iv).  * 

lu  the  latest  contribution  that  we  have  upon  thi  subject  of  the  geo- 
logical age  of  the  siliceous  slate  and  associated  sandstones  or  quartz 
rocks  of  Mount  Desert,  Maine,  Prof.  Shaler  says : ' 

We  note  in  the  first  place  that  there  is  a  total  absence  of  limestones  in  all  the  sec- 
tions exposed  to  view.  A  careful  study,  of  the  drift  materials  on  the  south  part  of 
Mount  Desert  and  on  the  Cranberry  Islands  where  we  could  hope  to  find  traces  of 
bidden  limestones  shows  that  there  are  no  limy  beds  in  the  sedimentary  deposits  of 
this  island.  The  aggregate  thickness  of  the  various  Mount  Desert  sections  can  not  be 
less  than  about  6,000  feet  and  may  amount  to  one-half  more  than  this  estimate.  It 
seems  aa  if  this  fact  must  exclude  the  hypothe8is  that  these  strata  were  formed  any- 
where in  the  periods  above  the  level  of  the  Cambrian,  for  nowhere  above  that  level 
do  we  have  any  such  sections  barren  of  limy  matter. 

It  may  be  next  noted  respecting  the  schistose  series  of  Mount  Desert  that  those  of 
its  east  and  west  margins  are  of  singularly  uniform  composition.  They  were  doubt- 
less originally  shales  and  thin  sandstones  of  great  uniformity  of  structure.  Their 
texture  is  not  such  as  at  all  points  to  exclude  the  preservation  of  fossils;  indeed  the 
greater  portion  of  the  deposits  are  well  fitted  to  exhibit  orgauic  remains,  yet  they 
have  afforded  no  trace  of  them.  Nowhere  above  the  level  of  the  Cambrian  series  do 
we  find  any  section  of  this  description.  On  these  grounds,  it  seems  reasonable  to 
place  the  greater  part  of  the  Mount  Desert  rocks  in  the  lower  portion  of  the  Cambrian 
section,  if  not  yet  lower  in  the  geological  column. 

This  coincides  with  the  views  of  Hitchcock  and  Crosby,  that  the 
strata  under  consideration  are  of  pre-Silurian  and  probably  of  Cambrian 
age. 

'Op.  cit.,p.  117. 

'Ge^lojgical  map  of  Maiue  (with  notea  on  geology  of).  In  Geology  of  Northern  New  England, 
1885.  p.  2. 

'The  geology  of  the  island  of  Meant  Deaert,  Maine.  Eighth  Ann.  Rep.  U.  S.  Geol.  Survey,  pt.  2, 188it 
p.  1059. 
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In  the  final  report  of  the  geology  and  mineralogy  of  New  Hampshire, 
Dr.  0.  T.  Jackson  describes  the  Cambrian  system  as  understood  by  him 
at  that  time,  and  states  that  metamorphic  Cambrian  rocks  occur  in 
Kew  Hampshire,  but  they  contain  no  fossils.    He  also  says : 

The  oldest  traDsitioD,  or  Cambrian  rocks,  occnr  in  Maine  and  Vermont,  and  dip  in 
opposite  directions,  indicating  an  anticlinal  axis  in  New  Hampshire. 

On  the  eastern  side  of  this  axis  we  discover  the  first  distinct  fossils  in  the  slate 
strata  on  the  Kennebec  River,  where'  tbe  strata  dip  boldly  to  tbe  northwestward. 

On  the  western  side  we  have  not  yet  determined  the  limits  of  the  Cambrian  fossils, 
bot  indistinct  remains  of  organic  substances,  whose  nature  is  problematieal,  occur  in 
the  neighborhood  of  Castleton,  and  along  the  western  flank  of  the  Green  Mountains. 
They  were  supposed  by  Dr.  Carr,  who  first  noticed  them,  to  be  graptolites,  which  are 
supposed  to  be  allied  to  sea-pens.  Graptolites  are  described  by  Murchison  as  belong- 
ing to  the  lower  part  of  the  Silurian  system.  He  states,  however,  that  these  pen-like 
serrated  fossils  have  a  great  vertical  range  in  the  older  or  protozoic  rocks,  being  found 
firom  the  lower  part  of  the  Ludlow  formation  down  to  very  ancient  beds  in  the  Cam- 
brian system.  % 

Should  these  fossils  prove  to  be  graptolites,  they  would  indicate  the  proximate  limits 
of  the  Cambrian  rocks  on  the  western  side  of  the  New  Hampshire  anticlinal  axis, 
where  the  strata  dip  to  the  southeastward. 

It  will  be  observed  that  the  strata  become  more  and  more  recent  as  we  proceed 
eastward  and  westward  from  this  axis,  as  is  proved  by  order  of  superposition,  litho- 
logical  characters  and  lossil  contents  of  the  rocks,  ^j 

Prof.  Hitchcock  says*  that  the  term  Cambrian  is  misapplied  by  Dr* 
Jackson,  and  the  ideal  section  showing  the  structural  geology  is  incor- 
rect in  many,  of  its  details.  In  the  final  report  of  the  second  geological 
survey  of  New  Hampshire  he  describes  the  Rockingham  mica-schist  as 
an  uncouth  mica-schist.  The  Merrimack  group  is  a  micaceous  quartz- 
ite  that  has  not  yet  been  fully  separated  from  the  previous  group.  It 
abounds  in  beds  of  coarse,  indigenous  granite,  which  seem  to  have  been 
altered  in  situ  from  the  feldspathic  conglomerate.  In  certain  parts  of 
Strafford  County  the  granite  beds  predominate,  forming  numerous  hills, 
while  the  slate  occupies  the  valleys  between.'  Some  schists  with  inter- 
bedded  clay  slates  which  are  referred  to  the  Merrimack  group,  are  sup-  ' 
posed  to  be  equivalent  to  the  Paradoxides  b^ds  of  Massachusetts. 

The  Connecticut  Coos  period  can  easily  be  divided  into  three  parts :  first,  the  epoch 
of  the  deposition  of  the  mountain  masses  of  silica;  second,  of  hornblende  and  mica 
schists ;  third,  of  limestone.^ 

In  the  White  Mountain  region  there  are  several  small  areas  of  andahisite  slate, 
supposed  to  be  the  equivalent  of  the  Coos  group.  »•  •  •  •  jjie  Coos  period  was 
terminated  by  eruptions  of  syenitic  granite.  *  •  »  •  xhe  Coos  quartzite  now 
constitutes  a  distinct  range  of  mountains.^ 

The  Mount  Mote  conglomerate  is  formed  of  an  eruption  of  igneous 
material  cementing  together  the  slaty  fragments.    This  is  included  in  the 

>  Final  report  on  the  geoloji^y  and  mineralogy  of  the  State  of  New  Hampshire,  with  contributions 
towards  the  improvement  of  agriculture  and  metallurgy.    Concord,  1844,  p.  14. 
'History  of  the  Geological  Surveys  in  New  Hampshire.    Geology  of  New  Hampshire,  vol.  1, 1^4. p.  11. 
■  Physical  history  of  New  Hampshire.    Geology  of  New  Hampshire,  Concord,  1874,  vol.  1,  p.  536. 
*  Op.  cit.,  p.  537.  »  Op.  cit.,  p.  638. 
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section  between  the  Huronian  and  the  HeUlerberg  period.  On  the  map 
facing  page  536  the  formations  referred  to  the  mica-schist  period  are 
clearly  outined.  In  a  subseqaent  paper  Prof.  Hitchcock^  presented  a 
table  or  scheme  representing  the  stratigraphical  column  of  New  Hami)- 
shire.  The  Cambrian  includes  at  the  summit  the  Rockiugham  schists, 
and  below,  in  order,  the  calciferons  mica-schist,  the  Coos  group,  clay 
slates,  and  Mount  Mote  conglomerate.  The  description  of  the  various 
formations  is  given  on  page  13  and  on  the  map  the  geographic  distribu- 
tion is  delineated.  This  paper  appears  to  have  been  prepared  and  pub- 
lished prior  to  the  issue-of  the  second  volume  of  the  Geology  of  New 
Hampshire'  and  it  does  not  refer  to  the  volume.  On  page  074  of  the 
latter  work  the  formations  in  New  Hampshire  are  tabulated  as  follows : 

Feet. 

' Upper  Helderberg  (Venn out)  200;  Lower  Helderberg,  500 70) 

Caloiferous  mica  schist 4,800 

t  Stanrolite  elate 3,000 

CooB  group.  <  Mica  scbibt,  often  stauroliferous 3, 300 

(  Quartzite 1,000 

^  Cambrian  slates  (Connecticut  Valley) : 3,  Ouv> 


Paleozoic,  i 


Total  taleozoic 15.800 


fEearsarge  andalasite  gronp , 1,300 

I  RockiDgbam  mica-schist 6,0U0 

Paleozolcf  ^  Merrimack  group 4,300 

I  Ferruginous  slates,  with  steatite  (probably  repetition  of  preced- 
I    ing) 


Total  Paleozoic? 11  600 

Under  the  head  of  Cambrian,  in  the  Geology  of  Northern  New 
England,  Prof.  Hitchcock  says  :^ 

The  discussions  about  the  value  of  the  Cambrian  series  are  leading  geologists  to 
assign  to  this  place  in  the  column  a  thick  mass  of  sediment,  usually  without  t'osdils 
and  largely  argillaceous  in  character.  We  may  for  the  preseut  place  here  the  folio w< 
ing  groups:  (1)  Mica-schists  of  southern  New  Hampshire.  (2)  Merrimack  group, 
including  argillo-quartzites  in  Coos  County.  (3)  Coos  group.  (4)  Clay  slates.  (5) 
Mount  Mote  conglomerates. 

In  one  of  his  later  papers,  Prof.  Hitchcock,^  in  speaking  of  the  various 
formations  that  make  up  the  mica-schist  group,  says  they  may  be  called 
Silurian,  Cambrian,  or  pre-Oambrian,  according  as  each  author  is  iu- 
clined  to  regard  New  England  as  very  ancient  or  on  the  verge  of  the 
Paleozoic.  In  a  table  giving  the  thickness  of  the  formations*  the 
Cambrian  slate  series  has  a  thickness  of  4,000  feet ^  and  beneath  it 

*  Geological  map  of  New  Hampshire  and  Vermont,  with  notoa  on  topography  and  geology.  In  GeuU 
ogy  of  Northern  New  Enj^land,  lij74,  p.  9. 

'  Hitchcock^  C.  H.    Oeolog^'  of  New  Hampshire,  Concord,  1877,  voL  2. 

'GeoloKieal  map  of  New  Hampshire  and  Vermont,  with  notes  on  topography  and  geology.  '  la  Ge- 
ology of  Northern  New  England,  1874,  p.  13. 

*  Geological  sections  aorosa  Vermont  and  New  Hampshire.  Am.  Mus.  Nat.  Hist.,  Bull.,  vol.  1, 1881, 
p.  108. 

•Op.  cit,  pp.  178,17V. 
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we  find  the  Crystalline  group  that  was  referred  to  the  Cambrian  in  the 
Geology  of  Northern  New  England  in  1874,  as  follows: 

CryBiaUine  group, 

Feet 

Calciferous  mica-scbist  and  Coos  group ^ 12, 000 

Kearsarge  gronp 1,300 

KockiD^ham  luica-schist 6,000 

Merrimack  group : 4,300 

Beneath  the  Menimack  group  the  Huronian  is  placed,  with  a  thick- 
ness of  12,000  feet. 

In  a  tabulation  of  the  geological  formations  of  Maine,  New  Hamp- 
shire, Vermont,  Massachusetts,  Bhode  Island,  and  Connecticut,  by 
Prof.  Hitchcock,^  thecalciferous  mica-schist,  staurolite  slate  and  schists, 
quartzite,  andalusite  schists,  and  Rockingham  mica-schists  are  in- 
cluded in  the  Cambrian.  In  a  foot-note  he  says  that  the  quartzite, 
staurolite  slate  and  schist,  and  the  calciferous  mica-schists  may  yet 
prove  to  be  Silurian.  In  his  classification  of  the  Paleozoic  rocks  of 
New  England  he  places  under  Cambrian  the  St.  John  or  Braintree  slate, 
Taconic  slate,  and  Roxbury  conglomerate. 

In  a  table  published  in  1890  he  includes  only  the  Potsdam,  Georgia, 
Acadian,  and  the  Taconic  slate  (in  part)  in  the  Cambrian.  All  of  the 
foliated  crystalline  rocks  of  New  England  are  classified  as  pre-Cam- 
brian.' 

f 

EASTERN  MASSACHUSETTS. 

The  references  to  the  argillite  and  limestone  in  which  the  Cambrian 
faunas  have  been  found,  in  the  Boston  and  Narragansett  Basins,  occur 
in  most  of  the  publications  relating  to  the  geology  of  eastern  Massa- 
chusetts. In  1818  Messrs.  J.  F.  and  S.  L.  Dana  stated  that  the  argil- 
lite  was  the  oldest  rock  known  in  the  region.^  Its  distribution  is  shown 
in  a  general  way  upon  the  map  accompanying  the  report.  It  is  stated 
to  be  subjacent  to  the  syenite  in  Milton  and  Braintree,  and  to  be 
stratified.  In  the  works  of  Prof.  Amos  Eaton*  the  rocks  of  eastern 
Massachusetts  are  shown  in  sections,  but  nothing  is  added  to  the  data 
given  by  the  Messrs.  Dana. 

The  next  description  of  the  geology  of  Boston  and  vicinity,  by  Dr. 
J.  W.  Webster,*  mentions  that  the  light  gray  clay  slate  is  the  only  rock 
found  on  the  Boston  Peninsula  in  situ.  He  noticed  the  presence  of  the 
slate  in  Quincy  and  also  at  Nahant. 

'  Maine,  New  Hainpshi:e,  Verraont,  Massachnsetts,  Bhode  Island,  and  Connecticat.  (Greologioal  for- 
malioDS.)     Maefarlane'a  Am.  Geul.  R.  B.  Guide,  1879,  p.  56. 

*'Idem.,  second  edition,  189i),  p.  86. 

'Outlines  of  the  inineralojiy  and  geology  of  Boston  and  its  vicinity,  with  a  geological  map.  Am. 
Acad.  Arts  and  Sciences,  Memoirs,  vol.  4,  1818.  pp.  129-223. 

^Au  Index  to  the  Geology  of  the  Xorthern  States,  with  a  transverse  section  from  Catskill  Mountain 
to  the  Atlantic.  Leicester,  1818,  pp.  62.  A  Geological  and  Agricultural  Survey  of  the  District  Ad- 
ji'iuing  the  Erie  Canal,  Albany,  1824,  pp.  163,  plate. 

'Pumiarka  on  the  geology  of  Boston  and  its  vicinity.  Boston  Jour.  Phil,  and  Arts,  voL  2, 1824,  pp. 
377-292. 
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lu  1832  Prof.  Edward  Hitchcock^  described  the  argillite  iu  the  vicin- 
ity of  Bostou,  and  stated  that  the  unstratified  rocks  were  of  igneous 
origin  and  intrnsive  among  the  stratified  rocks.  A  general  description 
of  the  argillite  is  given  in  the  text  with  localities,  and  on  the  map  the 
geographic  distribution,  as  known  to  him,  is  delineated.  This  includes 
the  Quincy  locality.  In  the  final  report  of  the  Massachusetts  survey 
Dr.  Edward  Hitchcock,  in  speaking  of  the  argillaceous  slate  of  the  east- 
ern part  of  the  State,  says  that  owing  to  its  intimate  connection  with  vari- 
eties of  rock  referred  to  the  Graywacke  group  it  ought  to  be  described 
as  one  of  the  members  of  it,  although  marked  as  a  distinct  deposit  on  the 
map.  Ue  considered  this  slate  as  older  than  the  grajwacke,  because 
fragments  of  the  slate  occur  in  one  of  the  varieties  of  conglomerate  of 
the  gray/^aeke.*  On  the  same  page,  in  describing  the  limestone  in  the 
southwest  part  of  Attleborough,  he  says  small  beds  of  compa<;t  light 
gray  limestone  occasion  the  red  sandrock.  He  did  not  see  much  of  it 
in  place,  but  the  numerous  blocks  in  the  stone  walls  indicated  its  ex- 
istence in  that  locality.  On  the  map  accompanying  the  report  the  ar- 
gillaceous slate  is  shown  in  eastern  Braintree,  the  central  part  of  Quincy, 
and  thence  extends  across  Milton  and  Dorchester  to  Roxbury.  A  small 
outcrop  is  also  indicated  on  the  north  side  of  Nahant.  The  North  At- 
tleborough locality  of  the  Oambrian  as  now  known  is  covered  by  the 
Carboniferous  (No.  17  of  the  legend  of  the  map).  The  description  iu 
the  report  of  1841  is  essentially  the  same  as  in  the  preliminary  report  of 
1833. 

In  an  article  on  the  crystalline  limestones  of  North  America  Dr.  T. 
S.  Hunt'  suggests  that  the  limestones  interstratified  with  the  red  slates 
at  Attleborough,  as  described  by  Dr.  Hitchcock,  may  correspond  to 
those  which  with  similar  slate  and  sandstone  are  met  with  at  the  base 
of  the  Carboniferous  formation  in  Canada  and  in  New  Brunswick. 

The  long  silence  in  relation  to  the  geologic  age  of  the  altered  rocks 
of  eastern  Massachusetts  in  the  vicinity  of  Braintree  was  finally  broken 
in  1856  by  the  announcement  of  Prof.  W.  B.  Rogers  that  trilobites  of 
the  genus  Paradoxides  had  been  discovered  at  a  quarry  in  a  belt  of 
siliceous  and  argillaceous  slate  lying  on  the  boundary  of  Quincy  and 
Braintree,  about  10  miles  south  of  Boston.  In  announcing  this  discov- 
ery he  compares  the  species  found  with  Paradoxides  spinosits  of  Bar- 
rande.    He  states:* 

Tb4^  rock  la  which  these  fossils  occur  is  a  compact,  dense,  rather  fiDe-grained,  sili- 
co-arr^illaceons  slate  or  slaty  sandstone,  containing  little  or  no  carbonate  of  lime. 
•  •  •  •  *  QpQ  Qf  ^Y^Q  most  curious  facts  relating  to  the  trilobite  of  the  Quincy 
and  Braintree  belt  is  its  seeming  identity  with  Paradoxides  harlani,  described  by 
Green  in  his  Monograph  of  North  American  Trilobites. 

*  Report  on  the  geology  of  Massachusetts,  examined  under  the  direction  of  the  government  of  that 
8taTe  during  the  years  1830  and  1831.    Am.  Jour.  Sci.,  voL  22, 1832,  pp.  1-70,  with  map. 

*  Final  report  on  the  geology  of  Massachusetts,  1841,  vol.  2,  p.  537,  Amherst, 
s  Am.  Joar.  Scl.,  2d  ser.,  vol.  18, 1854,  p.  199. 

^Proofii  of  the  Protozoio  age  of  some  of  the  altered  rocks  of  eastern  Massachusetts  from  fossils 
rec«oUy  discovered.    Am.  Acad.  Proc,  vol.  3, 1856,  p.  317. 
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He  adds  farther:  ^ 

The  occurrence  uf  well  preserved  fossils  amoDg  rocks  so  highly  altered  and  so  con- 
tiguons  to  great  igneoas  masses  as  are  the  fos.iiliferoas  slates  of  Quinoy  may  well 
encourage  as  to  make  careful  search  in  other  parts  of  New  England  where -heretofore 
sach  an  exploration  would  have  been  deemed  useless.' 

Prof.  Louis  Agassiz,  in  commenting  apon  the  annoancement  of  Prof» 
Rogers,  said  that,  geologically  speaking,  its  importance  coald  hardly 
be  overestimated.  We  have  now,  he  remarked,  a  standard  level  upon 
which  to  build  up  the  formation  of  the  metamorphic  rocks.*  Prof* 
Rogers  also  communicated  the  knowledge  of  the  discovery  of  the 
Braintree  fossils  to  Prof.  J.  D.  Dana,  in  a  letter  dated  August  13, 1856.* 
He  states  that  his  attention  was  called  to  the  locality  by  Peter  Wain- 
wright,  Esq.,  who  resided  in  the  vicinity  of  the  quarry.  ^ 

Dr.  Isaac  Lea*  visited  the  Braintree  quarry,  and  in  reporting  upon  it 
to  the  Philadelphia  Academy  of  Natural  Sciences  stated  that  he 
agreed  with  Prof.  Rogers  in  placing  this  formation  among  the  more 
ancient  of  the  Paleozoic  periods.  "  It  lies  directly  on  the  granite  rocks^ 
or  rather  it  is  squeezed  in,  and  is  embraced  by  these  rocks  (on  the  east 
and  west  sides),  which  are  disturbed  by  an  upheaval.''  He  considered  » 
the  trilobite  found  there  to  be  undoubtedly  the  same  as  described  by 
Prof.  Green  many  years  before  nnder  the  name  of  Paradox^ides  harlanL 

Prof.  W.  B.  Rogers  again  called  attention  to  the  Braintree  locality  * 
for  the  purpose  of  noting  the  fact  that  the  formation  was  among  the 
oldest  of  the  Paleozoic  series,  and  situated  somewhere  about,  the  level 
of  the  Primal  rocks  (Potsdam  sandstone  and  the  Protozoic  sandstone 
of  Dr.  D.  D.  Owen),  containing  Dikellocephalus  in  Wisconsin  and  Min- 
nesota. 

In  1856  Prof.  0.  T.  Jackson  ®  described  the  rock  at  Braintree  as  a 
blue  gray,  argillaceous  slate,  containing  silicate  of  lime  but  no  carbonate, 
and  some  disseminated  iron  pyrites.  The  stratification  of  the  rock,  as 
indicated  by  its  grain  and  cleavage,  dips  to  the  north  50^,  and  runs  east 
and  west.  The  existence  of  the  genus  Paradoxides  in  the  argillaceous 
slates  of  Braintree,  proves  them  to  belong  to  the  lowest  of  thefossiliferous 
Silurian  rocks,  and  he  believed  them  to  be  the  geological  equivalents 
of  the  argillaceous  slates  of  Sweden,  which  are  in  a  similar  manner  dis- 
rupted by  the  intrusion  of  syenite. 

» Am.  Acad..  Proc,  vol.  3, 1856,  p.  318.  *  Ibid.,  p.  319. 

>Dhcoveryof  Paleozoic  fossils  la  eastern  Massaoliusotts.  Am.  Joar.Soi.,  2d  ser.,  vol.  22, 1853,  pp. 
206-298. 

*  fOn  the  trilobite  formation  at  Braintree,  Massacbnsetta.]  Phila.  Acad.  Sci.,  Proc,  vol.  9,  1838. 
p.  205. 

*[0n  trilobites  from  Braintree  and  on  the  geologic  relations  of  the  district.]  Boston  Soo.  Xat. 
Hist ,  Proc. ,  vol.  6, 1856,  pp.  27-29, 40, 41 . 

•  [On  the  Braintree  argillite  and  its  trilobites.]    Boston  Soalirat.  Hist,  Proo.,  vol.  6, 1836,  pp.  42-44» 
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In  arranging  the  collections  of  the  State  cabinet  of  Massachusetts, 
Dr.  Edward  IlitcbcoQk  placed  the  rock  near  Boston  which  carries  the 
trilobites  in  the  Silurian  and  Cambrian.^ 

Prof.  W.  B.  Rogers  sent  to  Mons.  J.  Barrande  *  a  photograph  of  the 
'Paradoxides  found  at  Braintree.  Barrande  compared  it  with  Paradox- 
ides  spinosus  and  concluded  that  Paradoxides  harlani  w:as  a  synonym  of 
Para^loxides  spinosus. 

In  1861  Prof.  Eogers'  announced  the  discovery  by  Mr.  liTorman  Eas- 
ton  of  pebbles  carrying  fossils  of  the  Potsdam  fauna  in  Carboniferous 
conglomerate  north  of  Fall  River,  Massachusetts.  He  thought  the  forms 
distinctly  recognized  in  the  pebbles  were  Liugula  of  two  specie^,  resem- 
bling Lingula  prima  and  L.antiqua  of  Emmons,  from  the  Potsdam  sand^ 
stone  of  New  York,  and  that  the  rocks  from  which  the  pebbles  were 
derived  were  probably  closely  connected  in  time  with  the  period  of  the 
Braintree  Paradoxides  beds.  The  conglomerate  in  which  the  pebbles 
occur  is  considered  to  be  of  Carboniferous  age. 

Various  communications  were  made  to  the  Boston  Society  of  Natural 
History  respecting  the  Paradoxides  faqna  at  Braintree,  by  Messrs* 
Jules  Marcou  and  C.  T,  Jackson  in  1861  and  1862.  From  that  time 
until  1869  little  attention  appears  to  have  been  given  to  the  Braintree 
rocks.  In  the  latter  year  Prof.  N.  S.  Shaler*  described  the  rocks  in  the 
vicinity  of  Boston,  and  referred  to  the  argillites  of  Braintree,  stating 
that  they  were  deposited  in  deep  water.  In  1870  Dr.  T,  S.  Hunt  ex- 
amined the  rocks  near  Braintree,  and  stated  that  the  unaltered  argil- 
lites of  Braintree,  holding  the  Primordial  fauna,  were  observed  by  Prof, 
Shaler  and  himself  to  rest  directly  upon  a  hard  porphyrite  felsite  of 
the  ancient  series.    He  says:* 

The  fact  that  the  Primordial  strata  of  Braintree  have  suffered  no  metamorphism  ia 
the  more  siguliicant,  since  the  beds  of  similar  age  in  New  Brunswick  and  Newfound- 
land rest  nnconformably  on  crystalline  strata  supposed  to  belong  to  the  same  ancient 
series  that  underlies  the  Braintree  beds,  and  are,  like  these,  unaltered  sand  and  mud 
rocks. 

In  1875  Mr.  W.  W.  Dodge®  described  the  rocks  at  and  about  Brain- 
tree in  the  Boston  Basin  with  great  detail,  and  accompanied  this  with 
a  discussion  of  the  correlation  of  the  Paradoxides  beds  with  the  various 
lower  Paleozoic  rocks  of  Europe. 

In  the  same  year,  in  some  remarks  on  Massachusetts  geology,  Dr.  T. 
S.  Hunt'  reaflQrms  his  observation  on  the  relations  of  the  fossiliferous 

*  [Catalogue  of  State  cabinet  and  notes  on  metamorpbic  rocksl  6th  annnal  report  of  the  Secretary 
of  Haasachoaetts  Board  of  Agricnltnre,  etc.,  by  Chnrlee  L.  Flint,  Boston,  1859,  p.  iv. 

'TrilobitenderPrimordialfflnnain  Maasachnsetta.    Keaes  Jalirl\  fiir  Mineral.,  18G0.,  pp.  429-431. 

'  On  fosailiferons  pebbles  of  Potsdam  rocks  in  Carboniferoas  <  ngl  uiu'rate  north  of  Fall  River, 
Maasachnaetts.    Boston  Soo.  Xut  Hist,  Proc,  vol.  7,  1861,  pp.  3.^1^i9i. 

'On  the  relations  of  the  rocks  in  the  vicinity  of  Boston.  Boston  Soo.  Xat.  Hist.,  Proo.,  vol  13,  1869^ 
pp.  172-178. 

'On  the  geology  of  the  vicinity  of  Boston.    Boston  Soc.  Nat.  Hist.,  Proc,  voL  14,  1671,  p.  48. 

*Notea  on  the  geology  oftBastem  Massachasetts.  Boston  Soc.  Nat.  Hist,  Proc.,  vol.  17,  1875,  pp^ 
388-419: 

'(Remarks  on  Masaacbnsetts  ^eo'.ogy.]    Boston  Soo.  Nat.  Hist,  Proc,  vol.  17, 1875,  pp.  50S-510. 
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rocks  of  Braintree  and  St.  John,  New  Brunswick,  to  the  subjacent 
crystalline  Huronian  strata. 

The  following  year  Prof.  W.  O.  Crosby  described  the  Geological  Map 
of  Massachusetts,  and  said:^ 

'  Although  the  fossils  characteristio  of  the  Acadian  group  have  been  found  at  onl^ 
one  locality  in  Massachusetts,  viz,  Hay  ward's  quarry,  in  Braintree,  yet  ipost  obserr- 
ers  agree  that  the  greater  portion  of  the  slates  in  the  vicinity  of  Boston  are  probably 
af  Primordial  age;  and  I  have  so  repiesented  them  on  the  map. 

The  strata  referred  to  are  then  described  in  a  general  way. 

In  1875  Prof.  W.  B.  Rogers*  announced  the  discovery  of  impressions 
suggestive  of  the  fossil  Liugula  mentioned  by  him  from  Fall  River,  in 
pebbles  of  the  conglomerate,  at  Newport,  Rhode  Island.  The  pebblea 
consist  of  a  gray  siliceous  rock  or  quartzite. 

The  memoir  of  Prof.  W.  O.  Crosby  on  the  Gteology  of  eastern  Massa- 
chusetts, with  its  accompanying  map,  appeared  in  1880.     He  says: ^ 

The  Paleozoic  rooks  of  eastern  Massachnsetts  occur,  as  already  indicated,  only  in 
limited  basins  or  depressions  excavated  in  the  ancient  crystalline  formations.    .     .    . 

The  most  diligent  search,  continued  for  many  years,  by,  in  the  aggregate,  a  small 
army  of  observers,  has  failed  to  bilng  to  light,  among  the  rocks  of  the  Boston  Basin, 
more  than  one  locality  affording  fossils.  This  is  the  celebrated  slate  quarry  of  the 
south  shore  of  Hay  ward's  Creek,  in  the  extreme  northeast  corner  of  Braintree. 

Prof.  Crosby*  concludes  that  the  Paradoxides  bed  in  Brain- 
tree is  the  esta.blished  base  line  for  the  stratigraphy  of  the  Boston 
Basin  ;  and  that  all  the  rocks  in  the  Boston  Basin  above  the.Shawmut 
group,  and  including  the  Paradoxides  bed,  belong  to  one  and  the  same 
essentially  conformable  series;  although  (p.  186)  there  is  in  the  Boston 
Basin  essentially  but  one  conglomerate  and  one  slate,  and  the  former 
underlies  the  latter.  From  this  it  follows  that  the  slate  is  (  f  Primor- 
dial age,  and  the  conglomerate  must  be  of  the  same  age,  or  older.  The  * 
conglomerate  is  stated  to  pass  gradually  into  the  slate,  and  a  detailed 
description  of  these  two  formations  is  given  as  they  occur  in  the  Boston 
Basin.  On  the  map  a  part  of  Nahant  is  colored  to  indicate  the  Cam- 
brian slate.  In  the  text  he  describes  white  and  gray  limestones  that  in 
texture  are  very  compact  and  highly  crystalline  or  saccharoidal.  These 
have  a  thickness  collectively  of  perhaps  20  feet.  He  assigns  to  the 
conglomerate  a  maximum  volume  not  exceeding  1,000  feet;  and  con- 
siders that  the  greatest  thickness  of  the  slates  cannot  be  much  less  than 
that  of  the  conglomerate,  though  in  some  eases  falling  below  500  feet.' 

Dr.  M.  E.  Wadsworth,*  in  discussing  the  relation  of  the  Quincy  gran- 
ite to  the  Primordial  argillite  of  Braintree,  states  that  Dr.  Hunt  was 


1  Report  on  the  geological  map  of  Massaohasetts,  Boston,  1876,  p.  40. 
'  On  the  Newport  conglomerate.    Boston  Soc.  Nat.  Hist.,  Proc,  vol.  18, 1875,  p.  100. 
'Contributions  to  the  geology  of  eastern  Hassachnsetta.    Boston  Soo.  Nat.Uist.,  Occasional  papers. 
No.  3, 1880,  p.  181, 183. 

«0p.  cit,  pp.  184, 185.  *  Op.  ciL,  p.  266. 

*On  the  relation  of  the  Quincy  granite  lo  the  Primordial  argillite  of  Braintree,  Massachnsetts. 
Boston  Soo.  Nat.  Hist,  Proc.,  vol.  21,  pp.  274-277, 1882.  * 
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mistaken  in  regarding  the  granite  as  of  Huronian  age,  as  was  Prof.  Shaler 
in  regarding  it  as  a  metamorphosed  sedimentary  rock.  He  says  the 
srgillite  is  surrounded  by  intrusive  granite  of  a  later  age,  thus  adopt- 
lag  the  view  advanced  by  Dr,  Hitchcock  in  1832.  In  describing  the 
cilates,  he  says  they  dip  a  little  west  of  south  at  an  angle  of  55o,  nearly 
as  given  by  Mr.  Lea.  He  thjnks  that,  judging  from  their  writings,  Profs. 
Eogers  and  Shaler  based  their  conclusions  regarding  the  dip  of  the 
Argillite  upon  its  structural  character.  In  another  paper,  x)ublished 
the  following  year.  Dr.  Wadsworth  discusses  the  argillite  and  conglom- 
erate of  the  Boston  Basin,^  and  concludes  from  studies  made  by  him  that 
there  are  at  least  two  distinct  argillites.  One  like  that  underlying  the 
conglomerate  on  Beacon  street,  Boston,  and  resembling  in  some  of  its 
characters  the  Paradoxides  argillite  at  Brain  tree.  The  second  is  of 
coarser  grain,  often  more  decidedly  arenaceous,  and  generally  of  a  gray, 
Mack,  or  reddish  color,  and  forms  the  Somerville  argillites  ("  Cam- 
bridge slates.")    It  is  stated :  • 

So  far  ad  we  have  any  evidence  at  present  the  oldest  surface  rocks  in  this  basin 
are  the  argillites  and  the  schists  of  allied  character.  Of  these  we  only  know  the  age 
of  a  very  small  area  in  Braintreeand  Quiucy.  *  •  *  Older  rocks  than  the  Brain- 
tree  (Paradoxides)  argillites  may  exist,  but  of  their  existence  we  thus  far  have  no 
Itroof. 

The  discovery  of  fossils  of  Lower  Cambrian  age  near  North  Attle- 
borough,  Bristol  County.  Massachusetts,  by  Prof.  N.  S.  Shaler,^  located  a 
second  area  of  Cambrian  rocks  in  eastern  Massachusetts.  He  describes 
the  geographic  distribution  and  the  character  of  the  rocks,  and  in  an 
accompanying  paper  in  connection  with  Mr.  A.  F.  Foerste  gives  a  descrip- 
tion of  the  fauna.  As  the  description  of  the  strata  and  the  fauna 
is  that  which  is  given  in  our  summary  of  the  present  knowledge  of  the 
rocks  of  eastern  Massachusetts,  it  is  here  omitted. 

In  a  review  of  the  stratigraphic  position  of  the  Olenellus  fauna  by 
Mr.  C.  D.  Walcott  in  1889/  it  is  shown  that  the  Paradoxides  fauna  of 
Braintree,  Massachusetts,  of  St.  John,  New  Brunswick,  and  of  south- 
eastern Newfoundland,  is  superjacent  to  the  Olenellus  fauna,  and  thus 
above  the  Olenellus  fauna  as^  found  at  North  Attleborough  by  Prof. 
Shaler.  This  is  presented  more  fully  in  a  paper  in  the  Tenth  Annual 
Eeport  of  the  Director  of  the  U.  S.  Geological  Survey.* 

In  a  skeA^h  of  the  physical  history  of  the  Boston  Basin,  Prof.  W.  O. 
Crosby®  mentions  the  old  and  more  or  less  altered  or  metamorphic  slates 
of  the  Braintree  quarry,  and  states  it  to  be  clearly  jestablished  that  the 

*Tbe  argillite  and  conglomerate  of  the  Boston  Bjisin.     Boston  Soo.  Nat   Hist.,  Proc,  vol.  22,  1883, 
pp.  130-133. 

»  Op.  cit.,  pp.  132, 133.  •    . 

'Ou  the  geology  of  the  Cambrian  district  of  Briiitol  County,  Massftch'usctts.    Ball.  Mus.  Comp. 
Zo5i.  Harv.  College,  vol.  16,  1888,  pp.  13-28. 

'Stratigraphic  position  of  the  Olenellua  faunn  in  North  America  and  Europe.    Am.  Jour.  Sci.,  3d 
•cr.,  vol.  87,  1889,  pp.  374-392 ;  vol.  38,  1889.  pp.  29-42. 

*Th'?  faaua  of  tlie  Lower  Cambrian  or  Olenellus  zone.    10th  Ann.  Hep.  IT.  S.  Geological  Survey,  1890 
pp.  509-763.  plates  4^98. 

*  Physical  History  of  the  Boston  Baain.    Lowell  free  lectares,  1889-1800.    Boston,  1889,  pp.  22. 


3 
-  1 


78  THE   CAMBRIAN.  Ibull.81. 

granite  is  eruptive  through,  aud  therefore  newer  than  the  Primordial 
ftlat<*.  The  evidence  of  the  trilobites  shows  that  the  slates  were  formed 
very  far  back  in  geological  time,  and  near  the  base  of  the  recognized 
geological  forniations.  In  a  r6sum6  of  the  geological  history  of  the 
Boston  Basin,'  a  general  description  of  the  Primordial  slates  and  qaartz- 
ites  and  their  physical  relations  is  given. 
In  mentioning  the  discovery  of  fossils  in  tlie  limestones  at  Nahant,  Mr. 

A.  F.  Foerste  correlated  the  Nahant  limestone  with  the  red  slates  of 
North  Weymouth,  and  concluded  that  they  are  stratigraphically  beneath 
the  Braintree  Parafloxides  beds,  and  that  the  red  slates  of  Mill  Cove  at 
North  Weymouth  are  of  Olenelhis  age  and  beneath  the  Paradoxides 
strata.* 

In  1889  Mr.  A.  0.  Lane  described  the  geology  of  Nahaut  from  a  miner- 
aloglcal  standpoint,^  and  in  the  following  year  Prof.  J.  H.  Sears  pub- 
lished a  description  of  the  stratified  rocks  of  Essex  County,  which  in- 
cludes the  limestones  and  associated  slates  of  Nahant.  He  mentions 
finding  Hyolithesprinceps,  Hyolithes  communis  var.  emmonsij Eyolithes i»i- 
j^ar,  and  Stenotheca  rugosa.*  He  also  discovered  an  outcrop  of  the  Lower 
Cambrian  limestone  in  a  valley  between  Prospect  Hill  and  Hunslow's 
Hill,  in  Kowley,  in  which  fragments  of  Hyolithes  occur. 

PALBONTOLOOT. 
NEWFOUNDLAND. 

The  first  announcement  of  the  discovery  of  the  Cambrian  fauna  in 
Newfoundland  appears  to  be  by  Mr.  J.  W.  Salter*  in  the  description  of 
Paradoxides  hennetUi.  He  referred  the  species  to  the  "  Lingula  flags  or 
Zone  Primordiale.'' 

From  collections  made  by  the  Canadian  Geological  Survey  Mr.  E. 
Billings  described  in  1861^  the  fauna  from  the  Cambrian  strata  on  the 
north  side  of  the  Straits  of  Belle  Isle,  on  the  Labrador  shore,  at  L'Ause 
an  Loup,  and  assigned  it  to  the  horizon  of  the  "  Lower  Potsdam,"  corre- 
lating it  with  the  fauna  found  in  Franklin  County,  Vermont,  which  is 
described  in  the  same  paper.  The  species  described  are  Palceophycus 
incipimSy  Archwocyathus  atlantictiSj  Obolus  labradoricus^  Obolella  chro- 
inatica^  0.  (Kuto^gina)  cingulata^  Conocephalites  misei\  Bathyi&us senectusj 

B.  parvulus,  SaltereUa  rugosa^  S.  pxilchclla^  and  8.  ohtusa.    The  new 

•  0i».  cit.,  pp.  10-22. 

*  The  Pa1eoutoloj;ic«l  horixon  of  the  limestone  at  Nahant,  M.iBsachusetts.  Boston  Soc.  Nat.  Hlat. 
Proc  ,  vol.  24,  1889,  pp.  2ei-2G3. 

■Geology  of  Nahaut.    Boston  Soc.  Nat.  Htst.  Proo.,  vol.  2^  1880.  pp.  01-95. 

«The  stratified  rocks  of  Essex  Goiintj.    Essex  Institute  Bull.,  vol.  22,  1800,  p.  32. 

*Oxi  the  foMilsof  the  Linj;ula  fl.-igs  or  *'Zoue  Piimordiale."  Qaar.  Jour.  Geol.  Soc.,  London,  voL 
15. 1850.  p  552. 

*PaleoKoic  Fossils,  vol.  1.  Containing  descriptions  and  fi<;ures  of  newer  little  known  species  of 
orjf.-inic  remains  from  the  Silurian  rocks.  1830-1865.  Montreal.  I860,  pp.  426.  (Of  this  volume  pp. 
1-24  \v»r.>  issued  in  Xovoniber.  1861  ;  pp.  25-56  ismod  January,  1862 :  pp.  57-168  issued  June,  186J;  pp. 
169-344  ii>»>uod  Fi-bruary,  1865 ;  pp.  395-416  published  iu  Canadian  Natuialiat,  vol.  5,  1860,  pp.  301-824.) 
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genera  are  Arcbaeocyatbus,  Obolella,  Kutorgiua,  and  Salterellj^.  In 
reprintiug,  iu  1865,  tbe  article  published  in  1861,  Mr.  Billings  added 
a  new  species,  Archoeocyathtis  profundus  ;^  and  in  tbe  same  year  described 
Acrotreta  gemma  from  near  Portland  Creek. 

Tbe  mode  of  occurrence  of  tbe  Cambrian  section  and  fauna  on  tbe 
northwest  coast  of  Newfoundland  is  given  by  Sir  William  Logan  in  tbe 
description  of  tbe  geological  section  near  Bonne  Bay.^ 

From  a  collection  of  fossH^s  from  Newfoundland  sent  by  Mr.  Alexan- 
der Murray  to  Mr.  B.  Billings,  there  was  described  in  1865  Bathyurus 
gregariu8=Solenoph%ira  gregarius  from  tbe  Paradoxides  horizon  of  south- 
east Newfoundland.^  Subsequently  be  '  described  tbe  fauna  found  at 
Great  Bell  Island  and  also  "  Fossils  from  tbe  Menevian  Group,*^  under 
which  we  find  Obolella  f  miser,  Straparollina  remota,  Hyolithes  excel- 
hds^  Agraulos sociulis,  A,  strenuusj  AMffinis,  SoVenopUura  communis,  Ano- 
polenusvenustuSj  Paradoxides  tenelluSj  P,  decorus,  Iphidea,  n.gen.,  Iphidea 
htUa,  Stenotheca  pauper y  Scenella,  n.  gen.,  Scenella  reticulata.  Also  from 
tbe  shales  and  sandstones  of  Great  Bell  Island,  Conception  Bay :  Eophy- 
ion  Unnceanum,  E,  jukesiy  Arihraria  antiquataj  Lingula  murrayi,  Lin- 
gulella  (f )  Affinis,  L.  (f )  spissa,  and  Cruziana  similis\ 

With  tbe  exception  of  Obolella  f  miser,  Solenopleu  ra  communis,  Sieno 
iheca  pauper,  and  Scenella  reticulata  the  species  described  in  1872  were 
republisbe<l  in  the  appendix  to  tbe  report  of  progress  of  tbe  Geological 
Survey  of  Newfoundland  for  1881. 

In  1878  Mr.  J.  F.  Whiteayes  described^  a  new  species  of  Lingula,  L. 
billingsiana,  from  tbe  shales  of  Kelley's  Island,  and  republished  Mur- 
ray's geological  section  on  Manuel's  Brook,  southeast  Newfoundland, 
with  a  list  of  fossils  collected  there  as  follows:  1.  Agnostus  acadicus; 
2.  Agnostus  (sp.  undet.) ;  3.  Microdiscus  punctatus ;  4.  M,  dawsoni  /  5. 
Conocephalites  tener;  6.  C.  haileyi ;  7.  0.  orestesf;  8.  Paradoxides 
sp.  undet.),  stating  that  Nos.  1, 3,  4,  5,  6,  and  possibly  7,  are  common  to 
tbe  Primordial  slates  of  St.  John,  New  Brunswick,  and  to  tbe  shales  of 
Manuel's  Brook. 

In  1887  when  reviewing  tbe  Cambrian  faunas  of  Cape  Breton  and 
Newfoundland  Mr.  G.  F.  Matthew'  described  a  new  species  from  tbe 
Olenellus  zone,  Solenopleura  bombifrons,  and  identified  from  Manuel's 
Brook  Paradoxides  sp.,  Agnostus  gibbus  (f ),  Agraulos  socialis,  and  Hy- 
olithes sp.  From  Trinity  "Bay  be  identified  in  addition  to  tbe  species 
mentioned  by  Mr.  Billings  Eocystites  sp.,  Agnostus  Iwvigatus,  A,  punctu- 

'  Geological  Survey  of  Canada ;  Teport  of  progress  from  its  commencement  to  1863.  Montreal,  18G3. 
pp.  865-i»67. 

'  Paleozoic  Fosnils,  vol.  1.  Containing  deecription^  and  fi$;ares  of  new  or  little  known  species  of 
organic  remains  from  the  Silurian  rocks.    1660-1865,  p.  3C3. 

'On  some  fosails  from  tbe  Primordial  rocks  of  Newfoundland.  Canadian  Naturalist,  new  ser.,  vol- 
e,  1872,  pp.  465-479. 

*0u  tome  Primordial  fossils  from  southeastern  Newfonndland.  Am.  Jour.  Soi.,  3d  ser.,  voL  16, 1878f 
Ii.22G. 

*0n  the  Cambrian  f  mnas  of  Cape  Breton  and  Newfoandland.  Boy.  Soo.  Canada  Proc.  and  Trans., 
»oL4,  ae..  4. 1887,  pp.  147-157. 
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08U8^  var.,  Agnosti  of  three  other  species,  and  Microdiscus  punctatus. 
From  Highhind  Gove  in  the  same  bay,  Paradoxides  davidis^  Centro- 
pleura  lovenij  Agnostus  punctuo&us,  var.,  A.  hrevifrojis^  A.  Iccvigatus^  A, 
acadicus,  var.  declivis. 

In  connection  with  the  stud^^  of  the  stratigraphy  of  the  Cambrian 
rocks  of  Newfoundland,  the  writer  described  ^  a  number  of  species  from 
the  lower  or  Olenellus  zone,  and  the  middle  or  Paradoxides  zone. 
From  ^he  former  there  were  Obolella  atldhticaj  Coleoloides^  n.  gen., 
Coleoloidea  typicalis^  Hyolithes  terranovicus,  H.  similiSj  Helenia^  n.  gen., 
Helenia  hdla,  Microdiscus  Helena,  Olenellus  (M.)  hroggeri,  Avalonia,  n. 
gen.,  Avalonia  manueUnsis^  Solenopleura  harveyi  and  S.  hoicleyi.  From 
the  Paradoxides  zone  there  was  described  the  genus  Karlia  and  the 
species  iT.  wtTior.* 

In  1890  Mr.  0.  D.  Walcott'  described  Agraulos  strenuus,  var.  na^utuSf 
from  Manuel's  Brook. 

NEW  BRUNSWICK  AND  CAPK  BRETON. 

The  first  description  of  the  Cambrian  fauna  as  found  at»  St.  John, 
New  Brunswick,  by  Mr.  C.  Fred.  Hartt*  included  fhe  following  species: 
EocysUtes  primcevus  Billings,  Lingula  matihewi,  Lingula,  n.  s.,  Obolella 
tramversaj  Discina  acadica,  Orthis  billingsij  Orthis,  n.  sp.,  Conocepkalites 
baileyi,  C.  mattheiviy  C  robbi,  G.  orestes^  G.  elegans^  G.  ouungondianus,  G. 
tetter,  G.  aurora,  G.  ihersites,  G.  gemini'Spinosus,  G.  halli,  G.  quadratus,  C. 
neglectus,  G.  formosus,  Gonocephalites,  n.  sp.  (f),  Microdiscus  dawsoni^ 
Agnostus  acadicus,  Agnostus  similis,  Faradoxides  lamellaius. 

It  appears  that  the  EocysUtes  primcevus  ^9kB^\xhm\tt^ii  to  Mr.  Billings, 
to  name  the  genus  and  species,  in  manuscript,  and  was  printed  in  con- 
nection with  Mr.  Hartt's  paper.  The  Paradoxides  miemac,  figured  by 
Dr.  Dawson  at  the  close  of  Mr.  Hartt's  paper,  was  named  by  the  latter 
in  manuscript.  The  figure  is  a  restoration,  and  no  description  accom- 
panies it.  In  the  report  of  Messrs.  Bailey  and  Matthew*  it  is  stated 
that  Mr.  B.  Billings  identified  from  the  St.  John  group,  in  the  Kenne. 
becasis  Valley,  fragments  of  Paradoxides  and  the  pygidium  of  an 
Agnostus,  three  species  of  Conocephalites,  one  of  Ellipsocephalus,  one 
of  Agnostus,  what  appeared  to  be  a  fra  foment  of  Salterella,  and  speci- 
mens of  Palseophycus  of  two  or  three  kincte.  Among  the  collections 
examined  by  Prof.  J.  F.  Wbiteaves  for  Professor  Bailey^  there  is  anew 

'Descriptivo  notes  of  now  genera  and  species  from  the  Lower  Cambrian  or  Olenellaa  zone  of  North 
America.    U.  S.  Nat.  Mas.,  Proc,  vol.  12, 1889,  pp.  33-46. 

'Descriptions  of  new  genera  and  species  of  fossils  from  the  Middle  Cambrian.  TJ.  S.  Kat.  Mas. 
Proc,  vol.  11,  1889,  pp.  441-446. 

*  The  fauna  of  the  Lower  Cambrian  or  Olenellus  zone.    10th  Ann.  Kept.  U.  S.  Geol.  Sur,,  1890,  p.  654. 

^Fossils  of  the  Primordial  or  Acadian  group  at  St.  John.  Dawson,  Acadian  Geology,  1868,  pp.  641- 
657. 

•Preliminary  report  on  the  geology  of  southern  Now  Brunswick.  Geol.  Surv.  Canad.,  Rep.  Prog., 
1870-1871, 1872,  p.  140. 

^Keporton  the  piae-Sihirian  (Huronian)  and  Cambrian  or  Primordial  Silarian  Kocks  of  Southern 
New  Brunswick.    Geol.  Surv.  Can.  Rep.  of  Prog.,  1877-78, 1879,  pp.  30,  31  DD. 
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B|>ecie8  of  Agnostus  and  one  of  Hyolithes  noted  in  association  with 
other  species  described  by  Mr.  Hartt. 

In  the  year  1883  the  fi^^t  of  Mr.  G.  F.  Matthew's^  memoirs  on  the 
fauna  of  the  St.  John  group  made  its  appearance.  In  this  is  given  a 
brief  historical  review  of  the  work  that  hjwi  already  been  done  upon 
the  fauna  by  Prof.  Hartt,  and  a  statement  that  from  the  collections  made 
from  time  to  time  daring  the  progress  of  the  Canadian  geological  sur- 
vey in  New  Brunswick  Mr.  Billings  identified  fragments  of  Ellipso- 
cephalns  and  Salt^rella  and  the  remains  of  two  species  of  Hyolithes. 
Besides  these,  there  are  the  supposed  plant  remains  of  tlie  genera  Pal$e- 
ophycus,  Eophyton,  etc.,  of  the  higher  divisions  of  the  St.  John 
group.*  Mr.  Matthew  made  large  collections,  which  were  destroyed  by 
the  great  fire  at  St.  John  in  the  spring  of  1877.  His  published  studies 
were  based  upon  new  material  collected  subsequently  to  that  date. 

In  the  first  memoir  we  find  that  he  recognized  three  well  defined  spe- 
cies of  Paradoxides  and  six  varieties,  as  follows  :  Faradoxides  lamellatvs 
Hartt;  P, lamellatus  \i\t.  loricatu^  Matthew;  P.acadicus  Matthew;  P. 
eteininicua  Matthew ;  P.  'eteniinicus,  vars.  suricoides^  breviatus^  quacoensisy 
malicituSj  and  pontijicalis. 

A  review  by  Mr.  C.  D.  VValcott^  of  the  typical  collections  upon  which 
Prof.  C.  F.  Hartt  based  his  species,  led  to  a  revision  of  the  genera  and 
species,  with  the  following  results : 

Lingula  mattliewi =  Acrotlielu  mattliewi. 

Disciiia  acadica =  Pa]:i.>:iciiiea  (f)  acadica. 

Theca  acadica =  Hyolithes  acadica. 

Af^noBtuH  Hiiiiilis -=  A<riK>Htii8  acadlciis. 

MicrodiHcus  pulchellus...  =  Microdiscus  puiictaiuH  Salter. 
CoiiocepliaUtcH  tiiattliewi  =  Couocoryplic  inattbuwi. 

geniini-Bpinosiis =:=  Conocorypbo  niattbowi. 

bailey i =  Conocorypbe  bailoyi. 

ele^nus =  Conocorypbe  elegans. 

lobbi ~  I'rycboparia  robbi. 

forinottus =         robbi. 

ouaugoudianus =         ouarifroudiana. 

aurora ..=         oiiangoudiana  var.  aurora. 

quadrata =         quadrata. 

creates =         oresles. 

tbersitcs =         orestcs  \  ar.  tbersites. 

teuer =         tcnt»r. 

neglectuH =         tencr. 

The  genus  Harttia  and  species,  Earttia  matthewij  is  proposed  for  a 
small  patelloid  form  of  gasteropod.  Mr.  Matthew  was  requested  to  give 
names  to  the  new  specie^,  other  than  the  preceding,  and  he  proposed 
Lingula  f  dawsoni  (p.  15),  Hyolitheis  danianus  (p.  20.),  Hyolithes  micmao 

*  lltuHrations  of  the  fniinii  of  tho  St.  Jobn  gruap.  Royal  Soc.  Ganad.,  Proo.  and  Trans.,  vol.  1,  aeo.  I, 
1883, i»p.  87-108.    Siipp'ciiuntary  section,  pp.  271-279. 

«0p.  cit.,  p.  89. 

*0n  the  Cambrian  rjiiiuas  or  North  Anjeiica;  preliminary  stadiea.  U.  S.  Geol.  Surv.  BolL,  No.  10, 
HL  2,  1884,  pp.  283-3^.  plate*. 
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(p.  21),  Conocoryphe  toalcotti  (p.  30).    The  subgenus  Salteria  was  pro- 
posed by  the  author  to  iuclude  the  GonocephalitcH  baileyi^  of  Hartt. 

All  of  the  species  were  figured  and  described,  with  the  exception  of 
Conocoryphe  walootti.  This  included  figures  of  the  three  species  of 
Paradoxides,  P.  lamellattM  Hartt,  P.  aoadicus  Matthew,  and  P.  eteminicus 
Matthew. 

Some  of  the  results  of  Mr.  G.  F.  Matthew^s  studies  are  given  in  two 
papers  read  before  the  British  Association  for  the  Advancement  of  Sci- 
ence at  the  Montreal  meeting  in  1884.  In  one  he  refers  to  the  geolog- 
ical age  of  the  Acadian  fauna,  and  correlates  it  with  the  fauna  of  the 
St.  «rohn  group  and  that  of  the  Solva  group  of  Wales.  In  the  second 
is  given  a  description  of  the  development  of  Ctenocephalus  matthewi  and 
other  species  of  the  genus  Conocoryphe.* 

In  Mr.  Matthew's  second  memoir  on  the  fauna  of  the  St.  John  group,' 
presented  to  the  Royal  Society  of  Canada  in  1884,  additional  notes  are 
given  of  the  Paradoxides  acadicus  and  P.  laviellatus.  He  proposes  the 
name  Varadoxides  micmac  for  a  large  species,  which  he  thinks  is  i)rob. 
ably  the  one  figured  in  Acadian  Geology.^  The  original  ."-pecies  to 
which  Mr.  Hartt  intended  to  apply  the  name  is  unknown.  The  Vono- 
cephalites  mattlicwi  of  Hartt  is  refi'rred  to  the  genus  Ctenocephalus  of 
Corda.  A  detailed  description  is  given  of  the  8[)ecies,  and  also  of  the 
various  stages  of  its  growth,  as  found  in  the  St.  John  slates.  Caiwcory- 
phe  baileyiy  0.  eleganSj  and  C.  walcotti  are  described  and  figured.  In  the 
description  of  the  plate*  the  subgeneric  name  Hartella  is  placed  after 
Ctenocephalus  and  Bailiella  after  Conocoryphe. 

In  1885  Oboltlla  transversa  Hartt  was  referred  by  Mr,  C.  D.  Walcott 
to  the  new  genus  Linnarssonia,  together  with  the  closely  allied  Meub 
vian  species,  Obolella  sagittalis^^ 

In  a  paper  read  before  the  Natural  History  Society  of  New  Bruns- 
wick in  1885,  Mr.  G.  F.  Matthew  stated^  he  had  found  some  Pteropods 
that  appeared  to  have  several  distinct  septa  at  the  base  of  the  tube. 
He  sent  them  to  Prof.  Hyatt,  who  wrote  that  the  aspect  of  the  siphon 
is  due  to  the  compression  of  the  sharper  against  the  flatter  side.  The 
form  of  the  sutures  favors  this  impression.  "These  fossils  with  their 
distinct  septa  are  startlingly  similar  to  certain  forms  of  Nautiloidea, 
but  there  is  no  siphon.  They,  however,  confirm  Von  Jhernig's  and  my 
opinion  that  the  Orthoceratites  and  Pteropods  have  had  a  common,  but 
as  yet  undiscovered,  ancestor  in  ancient  times." 

«0p.  cit..  pp.  31,  32. 

'Tbe  ^oulu«;ica]  a^o  of  the  Acadian  faana.    Tho  prtinitive  CuDooorypheaD.     British  ABsociaiion* 
Kep  ,  &Ub  me<  iiii;^,  18^,  pp.  742-T43.    The  f^eologic  Sk<j!,v>  of  Acadiau  fauna.    Geol.  Maj^.,  new  aor.,  decade 
3,  vol.1,  1884,  pp.  470-471. 

'IlIiiHtrntioDf)  of  the  fauna  of  the  St.  John  gronp,  continnod ;  on  the  Conocorj-phea,  with  farther  re- 
mark 8  uu  Puradoxidoa.    Royal  Soc.  Canada,  Trans,  and  Proc.,  vol.  2,  seo.  4, 1885,  pp.  90*124. 

<Op.cit.,p.  101.  »Op.oit.,p.  124. 

<>  I*Ali'ontolo;;)c  Notes.     Am.  Jour.  Sci.,  3d  ser.,  vol.  29, 1885,  p.  115. 

'  An  outline  of  recent  discoveries  in  the  St  John groap.    New  Brunswick  Nat  Hist.  Soc.  Boll., No.  i, 
1885,  p.  102. 
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The  third  contributiou  by  Mr.  Mattliew,*  prosented  to  the  Royal  So- 
ciety of  Canada  in  188."»,  troiit«ot' the  Protozoa,  Hydrozoa,  Bracliiopoda, 
I'teropoda,  Gasteropoda,  Phyllopoda,  Ostracoda,  aud  some  of  the  Tril- 
obita. 

Of  the  Protozoa,  Archceocyathus  f  pavonoidesj  Frotospimgxaf  minor, 
1\  f  vihwr  var.  diaians,  the  ucw  geiiU8  Eocoryue  aud  the  species  JiJovo- 
ryne  fjcniinum  are  described.  Of  Ilydrozoa  Detidrograpstis  f  primordialh 
Prnto;!frapsii8,  n.  g.,  with  the  species  Protograpsus  alatus.  But  oue  spe- 
cies of  the  Echinoderinata  is  mentioned,  Eocgstites  primczvus  of  Billings. 
The  new  forms  of  Brachiopoda  are :  Lingulella  f  inflataj  L,  linguloideSj 
Acrotreta  haUcy%  A.f  gulielmiy  Kntorgina  latourcnsiSj  K,  f  pterineoideSj 
Orthis  quacoen^k.  Of  species  previously  described  Lingulella  d^witoni, 
Ifinnarssonia  trauHt'crsa  Wixritj  Li nnarssonia  miiter a  Billings,  Acrothelo 
watlhewi  Ilartt,  and  Orthin  hillingsi  Uartt,  are  described  and  illustrated. 

Among  the  lUeropods  the  new  subgenus  Camerotheca  is  proposed, 
and  the  species  HyoUthen  {Gamerotheea) gracilis ^  H,  (C)  daniannsy  and 
H.  (C.)  wicmac  are  described  and  illustrated.  The  genus  Diplotheca 
includes  />i/>/o//iC'ca  hyaitiana  and  the  variety  caudata;  q\80  Uyolithes 
aaidicus  of  Hartt,  and  its  varieties,  sericeaj  obtusay  an<l  crassa. 

The  Gasteropoda  include  a  notice  of  the  genus  Stenotheca  and  the 
dvscrii)tion  of  the  new  species,  Stenotheca  hicksianaj  8.  concentrica^  S.  ra- 
diitta,  S.  nasuta,  and  S,  triangularis.  The  subgenus  Parmophorella  is 
[iroposed  to  include  the  original  species,  IHscina  acadica  Hartt.  Steno- 
theca acadica  aud  Jlarltia  matthem  Walcott  are  described  and  illus- 
trated. To  the  Phyllopoda  (!)  the  new  genus  Lepiditta,  with  the  species 
L.  alafa  aud  L.  curta,  and  the  new  genus  Lex)idilla,  with  the  species 
Lepidilla  anomala^  are  referred.  Mr.  Matthew  says  that  these  forms 
are  very  minute,  and  belong  either  to  lamellibranchs  or.  Phyllopods. 
The  Ostracod  Crustaceans  include  the  new  gen<^ra  Hlpponiclinrion  and 
Beyrichona.  One  species  is  referred  to  the  former  genus,  U,  eos,  and 
two  to  the  latter,  B»  papilio  and  B.  tinea.  To  the  genus  Primitia  he 
refers  one  new  species,  P.  acadica. 

The  Trilobita  include  the  new  species  of  Agnostus,  A.  regulusj  A. 
vartituSj  A.  vir,  A.  vir.  var.  concinuSj  A.  tessella,  A.  umbo,  A.ohtuHilobus, 
and  A.  acutilobus.  Agnostus  acadicus  Hartt  is  described  and  figured  and 
the  variety  decUbis  proposed.  Microdiscus pulchella  Hartt  is  i»laced  ns 
a  variety  of  M.  pnnctatus  Salter,  and  a  new  yarxety,  precursor^  is  pro- 
l)0.sed  to  be  included  nndev punctatus.  M.  dawsoni  Hartt  isalso  desci  i  bed 
and  figured.  Of  the  larger  forms  of  the  Trilobita,  Agraulos  (f )  arti- 
cepliahis  is  proposed,  Solenopleura  acadica  of  Whiteaves  is  tigured  and 
described  for  the  first  time,  and  Paradoxidcs  obenacus  is  proi)osed  sis  a 
De\v  species.  A  redescriptiou  of  Paradoxide^  miomac  and  the  projiosal 
of  a  variety,  suricus  of  P.  acadicus  concludes  the  references  to  previ- 
ously described  species. 

Ullnstratioiui  of  the  fnana  of  tbe  St.  John  Jiroiip,  contlDiiecl.  No.  TIT.  DoMcriptinnH  of  new  ;;rnfira 
Mid  species  (incladiri;  n  dencription  of  a  new  specieH  of  Solonopleara  by  J.  b\  WiiitrtMvea).  Koyal  Soo. 
CaaadM,  Trua.  toL  3^  seo.  4, 1686,  pp.  3»-84.    (Proc  fur  1865. ) 
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lu  a  Hjuopsis  of  the  fauna  in  Division  I  of  the  St.  John  group,  Mr. 
Matthew'  notes  the  occurrence  of  thirty  genera,  sixty-five  8i)ecies,  and 
twenty -one  v<arietie«  of  fossils.  He  states  that  in  a  higher  horizon  in 
the  Kenuebecasis  Bay  area  he  has  found  the  following  association  of 
species :  * 

Anopoiiuusf  sp.  Agnostns  (cfr.  Nathorsti,  Brogg). 

Parobolinaf  sp.  A.  (cfr.  parvifroim,  Linrn.) 

Auomouaref  2  sp.  A.  umbo. 

Ptycboparia,  2  Hp.  A.  acadicas  Hartt,  var. 

AgraulosHOcialiH  Bill.,  var.  Hyolithns,  sp. 

Microdlscas  piiDct-atas  Salter,  var.f  Linnarasonia  traDsversa  Hartt,  ap. 


Aguostus  acutilobus  (cfr.  glbbiis). 


I 


In  some  preliminary  notes  on  the  higher  fauna^  he  says  that — 

The  heavy  band  of  black  slates  which  riius  through  the  center  of  the  city  of  Saint 
Johu  has  yielded  the  foHo\ying species,  contained  in  calcareous  nodules: 

Ctenopyge  (cfr.)  spectabilis  Biogg.         Kutorgina  (cfr.)  cingulata  Bill. 
Orthis  (cfr.)  lenticularis  Dal.  Kutorgina  T 

These  indicate  a  horizon  in  the  upper  part  of  the  Lingula  flags. 
A  series  of  slates  are  exposed  along  the  north  side  of  the  Kounebecasis  Basin,  whose 
fossils  indicate  that  they  also  pertain  to  the  upper  part  of  the  Cambrian  system  : 

ConocephaUtes,a species  with  broad  Kutorgina  (f ),  sp. 

free    cheek    and    flaring    genal  Lingulella  (cfr.)  lepis  Salter. 

spine.  LiDgnlella,Hp. 

Ptychoparia,  a  smaH  species.  Eophy  ton  liunieanum  Terrell,  var, 

Agnostns  (cfr.)  pisiformis  Ang.  Eophy tera, sp. 

A.  (cfr.)  richmondensis  Wal.  Arthraria,  sp. 

In  a  note  to  the  American  Journal  of  Science  Mr.  Matthew^  states 
that  he  has  found  Olenellus  (f)  kjerulji  in  the  Kenuebecasis  River 
Basin  in  band  c  and  d  of  his  Division  I;  and  that  the  same  species  occurs 
in  the  Cambrian  beds  of  Newfouudland.  (Jpou  this  reported  discovery 
Mr.  S.  W.  Ford*  endeavored  to  show  that  as  the  species  was  found  at 
the  base  of  the  St.  John  Paradoxides  beds  and  at  the  base  of  the  Swed- 
ish Paradoxides  beds  it  was  a  true  Paradoxides,  and  therefore  did  not 
iuflneuce  the  question  of  the  stratigraphical  position  of  the  Olenellus 
fauna  in  North  America. 

In  an  abstract  of  a  paper  on  the  Cambrian  faunas  of  Cape  Breton  and 
Newfoundland  in  the  Canadian  Record  of  Science,  vol.  2, 1886,  pp.  255- 
258,  that  preceded  the  main  report  in  the  Royal  Society  ot  Canada 
Transactions,^  Mr.  G.  F.  Matthew  points  out  that  the  slates  of  Mira 
River,  Cape  Breton,  contain  several  sx>ccies  of  trilobitcs,  which  show 
that  these  measures  are  in  the  upper  part  of  the  Olenus  zone  or  Lingula 
flags  of  Great  Britain,    The  species  observed  were  Peltura  scarabcoidcs 


*  Synopsis  of  the  faana  in  Division  1  of  the  St.  John  group,  with  preliiuiuary  notes  on  the  highoi 
faunas  of  the  same  group.    New  Brunswick  Nat  Hist.  Soc.,  Bull.  6, 188G,  pp.  25-31. 

»  Op.  cit,  p.  29.  »0p.  cit.,  p.  30. 

*Noto  on  the  occurrence  of  Olenellus  (f)  kjerulft  in  America.    Am.  Jour.  Set.,  3d  scr.,  vol.  31, 1 886,  p.  472. 

*  Note  on  the  a^^e  of  the  Swedish  Paradoxides  beds.    Am.  Jour.  Sci.,  3d  ser.,  vol.  32, 1886, pp.  473-476. 

*  On  the  Cambrian  faunas  of  Cape  Breton  and  Newfoundland,    lloyal  Soc.  Canada,  Proc.  and  Trans., 
vol.  4,  Sec.  4, 1887.  pp.  147-157. 
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Wabl.,  SphcBrophthalmus  alatusj  and  Agnioatus  pkiformiR.  There  was 
also  a  small  Liugalella  similar  to  that  which  characterizes  the  upper 
flngs  of  the  St.  Johu  gronp,  and  an  Orthis  similar  to  Orthis  lenlicularis 
of  Dal  man. 

In  discussing  the  evidence  afforded  by  the  smaller-eyed  trllobites  of 
Division  1  of  the  St.  John  group,  Mr.  O.  F.  Matthew^  speaks  of  their 
bearing  on  the  origin  of  the  Cambrian  fauna.  He  also  gives  a  list  of 
fossils  known  to  him  at  that  date  from  Division  1  of  the  St.  John  series. 
The  total  is  thirty  genera,  sixty-five  species,  and  twenty-one  varieties, 
the  same  as  in  the  paper  previously  mentioned  in  the  synopsis  of  the 
fauna  of  the  St.  John  group.'  Mention  is  made  by  Mr.  Matthew  of  ad. 
ditioual  species  from  the  St.  John  group  in  1888.^  In  the  measures  on 
the  St.  John  liiver  corresponding  to  those  of  Band  B  in  Division  1  of 
the  St.  John  Basin, a  calcareous  organism  that  may  be  referred  to  Old- 
hamia  has  been  found.  It  resembles  O.  antiquay  but  branches  less  freely. 
In  the  same  sandstone  occurs  an  elegantly  ornamented  Lingulella  (f )  of 
peculiar  form.  Mr.  Matthew  compares  it  with  Lingula  f  favosa  of  the 
Eophy ton  sandstones  of  Sweden.  In  Division  2  of  the  St.  John  group 
were  found  several  genera  of  seaweeds,  among  which  are  two  graceful 
8[)ccie^  related  to  Taonnrus  or  Spirophy ton ;  also  fragments  of  bodies 
of  a  small  crustacean  that  is  probably  a  Hymenocaris.  In  a  paper  pub- 
lished soon  after  on  the  ''Classification  of  the  Cambrian  Rocks  of  Aca- 
dia,^ Mr.  Matthews  states^  that  the  Lower  Potsdam  of  Billings,  or 
Georgian  of  Mr.  Waleott,  is  found  in  the  island  of  Cape  Breton,  where 
the  fossils  are  Bathyurus  (subgenus?),  Orthisina,  Orthis,  and  Hyollthes 
princeps.  Remarks  upon  the  ailinities  of  the  characteristic  genera  of 
the  Georgian  and  other  portions  of  the  Cambrian  fauna  occur  in  this 
pai>er. 

Mr.  Matthew  presented  Part  ly  of  his  illustrations  of  the  fauna  of* 
the  St  John  group  to  the  Royal  Society  of  Canada  in  1887.^  The 
first  species  described  is  the  great  Paradoxides  regina^  one  of  the 
largest  trllobites  yet  discovered  in  the  Cambrian  rocks.  This  is 
followed  by  a  description  of  "The  smaller  trilobites  with  eyes."  An 
undetermined  species  is  referred  to  the  genus  Ellipsocephalus,  and 
Agraulosf  tchitjieldlanns  is  described  with  its  variety  compressa.  The 
subgenus  Strenuella  is  proposed,  with  the  species  Screnuella  f  halliana 
as  its  type.  A  discussion  of  the  genus  Liostracus  of  Angelin  is 
followed  by  descriptions  of  Liostracus  tener  Hartt,  L.  ouangondiantis 
Ilartt,  and    varieties  immarginatay  aurora^   gibba,  and  plana^  and  a 

>  niaAtratioDfl  of  Cbe  fauna  of  the  St.  John  group,  No.  IV.  Pt. I:  Description ~of  a  new  speoies of 
Paradoxides  (Farad&xidei  regina).  Piirt  2 :  Tlie smalUfr  trilobiteH  witb eyes  ( Pty clioparide  and  Kllip- 
soc«*phnlid8B).    Uoyal  Soc  Oaniuhi  Trans.,  vol.  5,  sec.  4.  18H8,  pp.  115-I6G. 

'Illustrations  of  tiie  fauna  of  the  St.  Jobn  Group.    CauaiUan  Kec.  Sci.  vol  2,  1887,  p.  301. 

'  On  tbe  liasal  series  of  Cambrian  rocks  in  Acadin.    Canadian  Record  Scionoe,  vol. 3, 1888,  pp.28, 29. 

«  Canadian  Kec.  Sci..  vol.  '^,  188S,  p.  74. 

*  Ulustrauuions  of  tbe  fauna  of  ibu  St.  John  Krunp,  No.  IV.  Pt  1.  Description  of  a  uew  speoiM  of 
Paradoxides  (Paradoxides  retina).  Pt  2.  Tbe  smaller  trilobites  witb  eyes  (Piycbuparida  and  EUipso- 
eephalidas).    Royal  Soo.  Canada,  Trans.,  vol.  5,  sec.  4,  1888,  pp.  U&-168. 
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notice  of  the  developmeut  of  the  yoaug  of  this  species.  Uuder  Pty- 
choparia,  Liostracus  linnarssoni  Brogger  is  identified  from  the  St* 
John  series.  For  the  narrow  form  he  proposes  the  variety  alata,  and 
this  is  followed  by  a  description  of  the  development  of  the  yonng.  To 
the  genus  Solenopleura  of  Angeliu  he  refers  the  Conocephaliles  robbi  of 
Hnrtt,  and  gives  a  description  of  the  development  of  the  young  as  far 
ns  known  to  him.  A  more  extended  description  of  Solenopleura  cLcadica 
of  Whiteaves  is  given,  and  the  variety  elongata  proposed. 

In  the  second  paper  by  Mr.  Matthews  on  the  classification  of  the 
Cambrian  rocks  in  Acadia'  the  species  Obolus  pulcher  is  described 
from  the  base  of  Baud  B  of  division  1  of  the  St.  John  group.  In  the 
middle  of  the  band  Mr.  Matthews  recognized  an  Agraulos  and  at  the 
base  an  Ellipsocephalus.  This  paper  also  contains  a  discussion  of  the 
Olenellns  fauna  as  found  in  Nevada.  In  a  paper  rea<l  later  in  1889, 
entitled  <'  On  the  Cambrian  Organisms  in  Acadia,"*  Mr.  Matthew  states 
that  he  has  found  in  this  lower  series  beneath  the  Paridoxide^a  zone  a 
species  that  recalls  Fticoides  droinnatus  (p.  384),  the  Obolus  which  was 
described  later,  and  undoubted  examples  of  Platysolenites  of  Pander. 
In  mentioning  the  fsiuna  and  fiora  of  the  Paradoxides  beds,  he  says  the 
basket  sponges  and  the  rod  like  sponges  (?)  are  common  to  both  this  and 
S«»ries  B.  In  all  the  fine  layers  of  this  baud  species  cf  Protospongida) 
may  be  found,  but  no  examples  of  the  typical  Protospongia  of  the  Par- 
adoxides beds  have  been  observed.  A  new  species  of  Obolus  and  three 
species  of  Lingulella  are  mentioned  as  being  described  in  the  paper,  and 
the  AlgJB  are  represented  by  several  different  types,  among  which  are 
a  Buthotrephis  and  a  microscopic  form  parasitic  on  the  latter  organism. 
There  are  also  some  quite  small  oval  forms,  resembling  Ilydrocystium, 
which  may  have  been  algoid.  Among  the  new  species  of  the  Paradox- 
ides beds  is  a  little  Platyceras.  He  says  that  Paradoxides  pontificalis  is 
found  to  be  a  narrow,  and  P.  micmac  a  broad  form  of  Paradoxides  hicJcsi 
of  Wales  (p.  385).  From  stage  2,  the  Olenus  beds,  he  reports  abun- 
dant remains  of  a  large  Protospongia,  including  Protospongia  fenestrata 
of  Salter,  and  P.  (f )  major  of  Hicks,  and  another  large  species.  From 
the  fossils  which  appear  to  have  been  placed  in  the  upper  part  of  divi- 
sion 2  are  some  that  have  been  found  in  Kennebecasis  Basin  of  the 
Cambrian  rocks.  These  are  Leptoplasti,  allied  to  L.  stenohis  of  Ang- 
eliu, Agnostus  pisiformisj  var.  and  Agnostus  nathorstiy  var.  Prom 
division  or  stage  3,  the  Peltura  beds,  he  mentions  two  species,  Cteno- 
pyge  (cf.  C.  flagillifer  and  0.  spectabilis),  Orihis  lentictilarisy  and  a  Ku- 
torgina.  At  the  bottom  of  the  division  lAngulella  Upis  and  another 
large  species,  L.  ampla^  var.?  are  found.  These  beds  are  correlated  with 
beds  of  Cape  Breton  containing  si>ecies  of  Peltura,  etc.  (p.  38G). 

In  a  paper  by  Mr.  Matthew,  entitled  "  How  is  the  Cambrian  divided  t 

>  Caniidiaii  Becord  Soienoe.  vol  8,  1869,  pp.  303-^iS.  *  Ibid. ,  pp.  38^-387. 


WAixxnr.]  PALEONTOLOGY — NEW    BRUNSWICK.  87 

A  pica  for  the  classificatiou  of  Salter  and  Hicks,"^  a  comparisou  of  the 
genera  of  the  different  horizons  of  the  Canibriiin  is  made. 

In  the  full  paper  on  the  Cambrian  organisms  of  Acadia,  published  in 
ISDO,  Mr.  Matthew  describes  the'stratigraphic  position  of  the  fauna  that 
he  considers  beneath  the  Paradoxides  beds,  and  compares  it  with  the 
lower  Cambrian  fauna  of  Sweden  and  Russia.  The  new  genera  and 
species  described  are  :* 

Pbycoidella,  n.  g.,  p.  144. 
Phycoidella  stichidifera  n.  gp.,  p.  144. 
PalsBochorda  setacea  u.  sp.,  p.  145. 
Hydrocyiinm  (T)  silicnla  q.  sp.,  p.  146. 
Miorophycns  n.  g.,  p.  146. 
MicTophyoiu  catenatns  n.  sp.,  p.  146. 
Monadites  n.  g.,  p.  147. 
MoDadites  globalosas  n.  sp.,  p.  147. 
Monadites  pyrtformis  u.  Hp.,  p.  147. 
Monadites  uroeiformis  n.  sp.,  p.  147. 
Radiolarites  n.  jCm  P*  14B. 
Kadiolarites  ovalis  n.  sp.,  p.  148. 
Plocoscyphia  (f )  porantiiiua  n.  sp.,  p.  148. 
AstrocUadiaCf)  eloof^ata  u.  sp.,  p.  148. 
Astrocladia(f)  olognns  n.  sp.,  p.  149. 
Astrocladia  (T)  virgnloides  n.  sp.,  p.  149. 
Dicboplectolla  n.  g.,  p.  149. 
Dicboploctella  irrognlavis  n.  sp.,  p.  149. 
Hyalostolia  minima  n.  sp.,  p.  150. 
Oboliis  (T)  majur  n.  sp.,  p.  15i^. 
Lingnlella  martiiionsis  n.  sp.,  p.  155. 
Loponlitia  ventricosa  n.  sp.,  p.  159. 
Leporditta  stead i  n.  sp.,  p.  IGO. 

He  also  describes  and  illustrates : 

BntbotrophiH  antiqna  Brongti.,  p.  144. 
Platysolenites  antiquissimus  Eicbw.,  p.  150. 
Obelus  pnlcber  Mattb.,  p.  151. 
Volborlbclla  tennis  Scbmidt,  p.  156. 
Pdamniicbnites  gigas  Terrell,  p.  157. 
Arenicolitcs  lyelli  Torrell,  var.  minor,  p.  159. 

In  a  note  at  the  close  of  the  descriptions  it  is  stated  that  he  has 
learned  that  a  suggestion  made  by  hiiu  in  reference  to  Olenclluslcjerttlfi 
has  met  with  accei)tance  from  a  number  of  naturalists  and  the  generic 
name  Uolmia  is  proposed  for  OleneHus  Ijerulji?  Mention  is  mailooftlie 
relations  of  the  genera  OleneHus,  Olenoides,  and  Mesonacis. 

In  his  fifth  contribution  to  the  illustrations  of  the  fauna  of  the  St. 
John  group  Mr.  G.  F.  Matthew  descriUes  the  following  new  genera  and 
species:*  Platyceras  operta^  n.  sp.,  p.  132,  AgmuJos  (f)  hoJocephahis^  n. 
sp.,  p.  138,  Medmichnites^  n.  gen.,  p.  143,   with  five  varieties,  Lingn- 

1  Am.  OcolojirUt,  vol.  4, 1889,  pp.  139-148. 

'On  Cambrian  OrganUnis  in  Acadia.    Koyal  Soc.  Canadn,  Trans.,  rol.  7, 1890,  sec 4,  pp.  135-162. 
*Op.cit,p.  160.  ^ 

*niii8tratioD8  of  tho  fiiana  of  the  St.  John  group  No.  V.    B03-.  Soc.  of  Canada,  Trans.,  vol.  8,  1801, 
pp.  ia0>]68.  pis.  11-1& 
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leUa  starrij  n.  sp.,  p.  146,  JAngulella  radtda,  n.  sp.,  p.  117,  Eoichnites, 
u.  p:eii.,  p.  148,  CtenichniteSj  n.  gen.,  p.  151,  Ctenichnites  ingensj  d.  sp., 
p.  151,  Frcona  ramosa^  n.  sp.,  p.  159,  ArenicoUtes  brevis,  n.  sp.,  p.  159, 
GoniadichniteH^  ii.  p^en.,  p.  160,  Ooniadichnites  irichiformis,  n.  sp.,  p.  16'l, 
Monocraferion  magnificum^  u.  sp.,  p.  161. 

In  addition  to  the  precediuji^  Mr.  Matthew  has  remarked  upon  several 
genera  and  species  that  have  been  previously  described  from  the  Cam- 
brian rocks.  They  include:  Eocorync  geminum  Matt.,  p.  130,  Lepidilla 
anomalay  Matt,  p.  130,  Orthis  and  Orthisiua,  p.  131,  Stenotheca  Salter,  p. 
132,  Stowtheca  concentrica,  Matt.,  p.  133,  var.  radiata  Matt.,  p.  133, 
SUnoiheca  iriangnlaris  Matt.,  p.  134.  In  his  remarks  upon  the  genus 
Stenotheca  he  concludes  that  the  type  species  is  not  a  molluscan  shell, 
bnt  should  bo  referred  to  a  Phyllopod  crustacean.  This  includes  the 
ty[)ical  form,  but  does  not  include  Discina-  acadica^  of  Uartt,  as  the  latter 
is  a  patelloid  gasteropod.  Conomrjitplie  walcotti  Matt.,  p.  134,  Concory- 
pliebaileyi  llSLVit,  p.  135,  Paradoxides  Umiellutus  Ilartt,  p.  135,  Parat/ox- 
ides  micmac,  var.,  pontijicalis  Matt.,  p.  130,  Agraulos  (t)  whitfieldianuH 
Matt,  p.  138,  Agraulos  sodalis  Bill.,  p.  138,  Medusites princeps  Torrell,  p. 
140,  Medusites  radiata  Natliorst,  p.  141,  Medusites  costataj  p.  142,  Eoich- 
nites  linnwanus  Torrell,  p.  148,  Psammiclinites  Torrell,  p.  157,  Froina, 
Ilonnlt  p.  158,  Monocraterion  Torrell,  p.  160,  Monocraterion  tentacuUitumj 
p.  UM^  Ilistioder^na  hihernicum^  p.  162. 

RA8TKRX  MASSACIIUSBTTS. 

The  first  description  of  a  fossil  from  the  Cambrian  rocks  of  eastern 
Massachusetts  is  that  of  Paradoxides  harlaniy  hy  Dr.  Jacob  Green,'  from 
specimens  sent  to  him  by  Dr.  liichard  Harlan,  who  supposed  they  came 
from  Trenton  Falls,  in  the  State  of  New  York,  It  was  not  until  1856* 
that  the  true  hori/on  from  which  the  specimens  came  was  discovered. 
In  making  the  announcement  of  the  discovery  Prof.  Rogers  quoted 
from  Barrande  on  the  distribution  of  the  genus  Paradoxides,  and  stated 
that  he  considered  the  specimens  from  Braintree,  10  miles  south  of 
Boston,  to  be  identical  with  the  Paradoxides  harlani  described  by  Green 
in  18^J4.  He  says  the  fossih^  in  the  Braintree  quarry  are  in  the  form  of 
ca^ts,  some  of  them  of  great  size  and  lying  in  various  levels  in  the 
strata,  and  that  as  far  i^  he  could  observe  they  all  belong  to  one  spe- 
cies and  agree  more  closely  with  Barrando's  Paradoxides  spinostis  than 
with  any  other  form  known  to  him.  A  tine  figure  of  Paradoxides  har- 
lani was  published  by  Prof.  Rogers,'  in  his  final  report  of  the  geological 
survey  of  Pennsylvania,  under  the  name  of  P.  spiuosus. 

Mons.  J.  Barrande,  in  referring  to  the  discovery  of  Paradoxides  iu 
the  slates  of  Braintree,^  institutes  a  comparison  of  the  specimens  from 

'  DeAcriptioDfi  of  some  now  North  American  trilobitos.     Am.  Jour.  Scl.,  vol.  25, 1834,  p.  336. 

*  Proofii  of  the  PmtoKoio  ag«  of  some  of  tho  nllered  rooks  of  eastern  Maasschasetta,  from  fossiU 
recently  iliscoverod.     Am.  Ac:i<l.  Proc.,  vol.  3, 1856.  pp.  315-318. 

"  Tho  (itwilojiy  of  IVniisylvaniii,  Philadelphia,  18r»8,  vol.  2,  p.  816. 

*  Trilobili^n  der  Priuiordialfauua  in  BIiiHsacbusotU.    Neuos  Jahrh.  for  1860,  pp.  429-i31. 
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there  and  Parado:tid€8  spinosiis  from  Bohemia,  and  concludes  that  P. 
harlani  is  a  synonym  for  P.  spinosus. 

In  18GL  Prof.  Jackson^  exlnbited  a  small  trilobite  from  Braintree  of 
the  species  Paradoxides  harlanij  stating  that  it  seemed  identical  with 
forms  from  Newfoundhmd  described  as  Faradoxides  bennetii  from  St. 
Mary's  Bay.  In  a  foot-note  accompanying  a  paper  on  the  geology  of 
the  vicinity  of  Boston,  by  Dr.  T.  S.  Hunt,*  the  writer  says: 

Mr.  Billings  informs  mo  that  ho  rep^ards  the  Paradoxides  hennettii  (Salter)  from 
NewfouudliiDd  as  idoDtioal  with  the  Paradoxides  harlani  (Green)  from  Braintree. 

A  number  of  collectors  obtained  specimens  of  Paradoxides  harlani 
from  the  Braintree  beds,  but  it  was  not  until  1861  that  a  notice  of  other 
Rpecies  appeared.  Mr.  Albert  Ordway  ^  stated  at  a  meeting  of  the  Bos- 
ton Society  of  Natural  History  that  he  had  found  a  fragment  of  a  trilo- 
bite which  he  referred  to  the  genus  Ellipsocephalus.  He  also  rei>orted 
finding  a  clistinct  fucoidal  impression  which  shows  three  branches,  Ciich 
about  4  inches  long,  but  not  sutlicieutly  well  marked  to  afford  any  evi. 
donee  as  to  its  nature.  Mr.  Ordway  also  published  a  figure  of  a  head 
of  Paradoxides  harlani  when  comparing  that  species  with  Paradoxides 
sjnnosns,  Boeck.,  considered  by  Barrande  identical  with  P.  harlnni.* 

In  his  notes  on  the  geology  of  eastern  Massachusetts  Mr.  VV.  VV^. 
Dmlge^  reviews  the  then  existing  information  in  relation  to  the  fauna 
of  the  Paradoxides  zone  of  Braintree — the  Braintree  slates— mentioning 
Paradoxides  harlani  and  a  few  obscure  traces  of  fossils  found  at  that  lo. 
ciility.  A  general  description  of  the  Cambrian  fauna  of  Wales  is  given 
in  this  connection. 

The  second  described  species  from  the  Paradoxides  beds  of  Braintree 
IB  Arionellvs  quadrangularis  by  Prof.  R.  P.  Whitfield.**  This  is  probably 
the  species  of  Ellipsocephalus  referred  to  by  Mr.  Ordway. 

A  review  of  the  fauna  of  the  Braintree  argillites  by  Mr.  0.  D.  Wal- 
cott'  included  a  mention  of  the  species  previously  described,  and  a  de 
scription  of  a  new  Pteropod,  Hyoliihes  shaleri^  and  a  new  species  of 
trilobite,  Ptychoparia  roge^'si.    The  species  described  by  Prof.  Whit- 
field as  Arionellus  quadrangularis  was  roft»rred  to  the  genus  Agranloa. 

Under  the  title  of  "Preliminary  descriptions  of  North  Attleborough 
fossils"  Messrs.  N.  8.  Shaler  and  A.  P.  Foerate^  made  the  most  imi>or- 
tant  contribution  to  the  Ca'nbrian  fauna  of  Massachusetts  since  the 
discover^'  (TT  Paradoxides  harlani.    They  identified  the  fauna  as  that 

1  [On  A  trilobite  from  Braintree.]    Boston  Soc.  Nat.  Hi^t,  vol.  8, 1861,  p. 58. 

*  Bo8toa  Soc.  Nat.  Hist.  Pi-oo.,  vol.  U.  1871,  p.  48. 

*On  the  occurrence  of  other  fossil  forms  at  Braintree,  Maes.  Boston  Soc.  Nat  Hist.  Froc.,  vol.  8, 
1861.  pp.  6.6. 

<Op.cit.,p.  3. 

'Noti^  on  tbe  geology  of  eastern  Massachusetts.  Boston  Soo.  Nat.  Hist.  Proc,  vol.  17, 1875,  pp. 
405-407. 

'Notice  of  some  ne\r  species  of  Primordial  fonsil.^t  in  the  collections  of  the  Museum,  and  correction 
of  previously  dcncril.td  species.    Am.  Mus.  Nat.  IliAt.,  Bull ,  vol.  1, 1884,  p.  147. 

'On  ifaft  Cambrian  Faunas  of  North  America;  preliminary  studies.  U.  S. Geol.  Surv.  Bnll.No.  10; 
vol.  2, 1884,  pp.  323-329.    Separately  paged,  pp.  43-40. 

•Bull.  Mus.  Comp.  Zool.,  Harv.  College,  vol.  16,  1888,  pp.  27-39. 
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or  the  Oleucllus  zone,  as  foand  in  the  vicinity  of  Troy,  New  York.    The 
species  described  are: 

Obolella  crassa,  var.  H«  communis  var.  emmonsi. 

Obolella  (?)  H.  amcricanas. 

Fordilla  troyensia.  H.  princeps. 

Lamellibranch  (t)  H.  billiiif^HJ. 

Scenella  reticulata.  Hyolithellus  mioans. 

Stenotheca  rngosa,  var.  panpera.  Saltcrella  carvatns. 

8.  rujTOHa  var.  abropta.  Aristozoe. 

S.  curvirostra.  Miercxliocns  bellimarginataa. 

Platyceras  priniasvam.  M.  lobatas. 

Pleurotomaria  (Rapbistoma)  attle-  PaYadoxides  walcotti. 

borensis.  Ptychoparia  mncrouatus. 

Hyolitbes  qnadricostatus.  Ptycboparia  attleborensis. 

Of  these,  two  genera — Pleurotomaria  and  Paradoxides — liave  not 
heretofore  been  found  in  a  strongly  marked  Olenellus  zone  fauna.  A 
comparison  of  Paradoxides  walcotti  with  specimens  of  Olenellus  asa- 
phoidcs  from  Troy,  New  York,  of  the  same  size,  show  them  to  be  generi- 
cally,  if  not  spocificallyy  identi'^al.  This  removes  Paradoxides  from  the 
Olenellus  fauna. 

Under  the  view  that  the  Olenellus  fsiuna  preceded  the  Paradoxides 
fauna  Prof.  Shaler'  speaks  of  Paradoxides  walcotti  as  the  surviving 
member  of  the  series,  and  says  the  occurrence  of  the  genus  indicatt's 
close  affiuities  with  the  Rraintree  Cambrian  horizon.  He  made  careful 
search  for  indications  of  the  stratigraphic  relations  of  the  North  Attic- 
borough  and  Braintree  section  but  without  success.  In  mentioning  the 
Braintree  locality  it  is  stated  that  a  number  of  distinct  remains  occur 
near  the  Neponset  Kiver,  and  the  beds  have  much  the  same  aspect  and 
are  ap[)arently  about  the  same  distance  from  the  syenites  as  those  at 
Braintree.* 

A  notice  and  description  of  the  fauna  found  at  North  Attleborough 
from  the  Olenellus  horizon,  was  followed  in  1889'  by  the  announcement 
of  the  discovery  of  Hyolithes  in  limestone  near  Bast  Point,  Nahant. 
Mr.  Foerste  correlates  the  limestone  and  associated  shales  with  those 
of  North  Attleborough,  and  suites  that  the  species  of  Hyolithes  appears 
to  be  the  same  as  that  found  at  North  Attleborongh.  He  proposes  the 
name  of  Hyolithes  inwqui lateralis.  From  a  stu<ly  of  the  type  specimens 
the  writer  believes  it  to  be  identical  with  JET.  commnrns  var.  enimonsu 

As  now  known,  the  entire  Cambrian  fauna  from  eastern  Massachu- 
setts includes  from  the  Paradoxides  or  Middle  Cambrian  zone  four 
genera  and  four  species,  and  from  the  Olenellus  or  liower  Cambrian 
zone,  twelve  genera  and  nineteen  species. 

'  On  the  goolo^ry  of  tbt^  Cambrian  district  of  Bristol  County,  Ma.s^achn8utta.  BnlL  Has.  Comp.  Zool., 
Harv.  College,  vol.  IG,  188^,  p.  21. 

*Op.  oit..  p.23. 

*  Fof^rste,  A.  F.  The  paleontologiciil  horison  of  the  limeatono  at  Nabant^  Masaaohosetts.  Boetoa 
Soc.  Nak  Hist,  l*roc.,  voL  2i,  1889.  pp.  261-2C3. 
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APPAXACHIAN   PROVINCE. 

The  Appalachian  Province  inclades  the  ontcrops  of  Cambrian  strata 
on  the  line  of  the  Appalachian  system  of  moautains,  from  the  lower 
St.  Lawrence  Valley  on  the  north,  to  Georgia  and  Alabama  on  the 
sonth. 

For  the  parpose  of  presenting  the  historical  data  the  province  will 
be  divided  as  follows : 

A.  Northern  Appalachian  district. 

B.  Southern  Appalachian  district 

NORTHERN  APPAI.ACHIAN  DieTRICT. 

The  northern  Appalachian  district  includes  the  Hudson  River  and 
Lake  Cbamplain  area  east  of  the  river  and  lake  and  an  extension 
northeastward  into  Canada,  as  far  as  the  vicinity  of  Gape  Rosier  on 
the  St.  Lawrence  River. 

The  Hudson  River  and  Lake  Ghamplain  area  will  first  be  considered. 
It  includes  the  strata  referred  to  the  Oambrian,  found  on  the  western 
slo|>e  of  the  Green  Mountains,  the  foothills  aud  the  more  level  country 
stretching  westward  toward  the  Hudson  River  and  Lake  Cbamplain. 

The  earliest  reference  in  the  literature  to  a  distinct  formation  that  is 
now  referred  to  the  Cambrian  is  found  in  a  description  of  the  geology 
of  western  Massachusetts  and  eastern  New  York.  On  this  account  tins 
formation,  the  "Granular  Qnartz,"  will  be  treated  historically  as  it 
has  been  mentioned  by  authors  in  Massachusetts,  New  York,  and  Ver- 
tfiont,  until  theyenr  1861,  when  its  history  will  be  carried  forward  with 
Time  of  the  "Red  Sandrock"  and  the  "Georgia  Slates,"  with  which 
it  was  then  correlated. 

OBAHULAB  QUARTS. 

The  first  differentiation  of  a  formation  referred  to  the  Lower  Cam- 
brian in  America  was  made  by  Prof.  Amos  Eaton  in  1818.^  Prior  to 
that  lime  Mr.  William  Msiclure,  the  pioneer  of  systematic  geology  in 
America,  published  a  map  with  descriptions  of  the  rocks  of  the  Eastern 
United  States,  in  which  all  the  strata  now  referred  to  the  Cambrian 
system  in  the  Ai>pa1achian  range  were  included  in  the  Transition  series. 
On  his  first  map' the  Transition  rocks  are  represented  as  extending 
from  Hudson,  in  the  valley  of  the  Hudson,  south  to  the  vicinity  of 
Poughkeepsie,  and  thence  southwest  throughout  New  York,  New  Jersey, 
Pennsylvania,  Virginia,  eastern  Tennessee,  northern  Georgi;i,  and 
into  Mississippi.    On  the  map  accompanying  a  later  work^  the  Transi- 

1  Ad  index  to  the  geology  of  the  Northern  States,  with  a  transverse  section  from  Catskill  Mouiit:iin 
to  tho^  tiff  niic.     LoicestfT,  1818,  pp.  52. 

*Ob8prviitionf«  nn  the  f;e<»lo;ey  of  the  United  States  ezplanntory  of  a  gcolosical  map.  Am.  PhiL  Boo. 
Trans.,  vol.  G,  1809,  pp.  4 11 -428,  map. 

*0lMiervation<9  of  the  ^eoloj^y  oftheUnltefl  States*  with  remarks  on  the  probable  effects  that  may 
be  prmlticed  by  the  decoiniMmitiun  of  tho  differont  classes  of  rfHskn  on  tin*,  natiiie  and  fertility  of  soils, 
With  a  map  aud  two  plates.    Am.  Phil  Sou.  Trans.,  new  ser.,  vol.  1, 1817,  pp.  1-81. 
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tion  rocks  «re  extended  iiortb  into  the  valley  of  Lnke  Clmmplain  as  far 
as  the  Canadian  border.  On  the  south  they  terminate  in  6eor£:iaa 
short  distance  south  of  the  Tennessee  line.^ 

In  his  first  publication  on  the  rocks  between  the  Gatskill  Mountains 
west  of  the  Hudson  River  and  the  Atlantic  Ocean,  Prof.  Amos  Eaton' 
separated  the  ''Granular  Limestone  and  Quartz"  as  No.  2  of  the  sec- 
tion, and  an  argillaceous  and  siliceous  slate  as  No.  9,  giving  the  locali- 
ties at  which  they  occur.  Two  years  later  this  classification  was  re- 
viewed^ and  the  ''  Granular  Quartz  "  dropped  out  of  the  nomenclature, 
only  to  reappear  again  with  a  very  accurate  description  of  the  forma- 
tion as  it  occurs  in  Vermont^  It  is  interesting  to  note  in  this  publica- 
tion, that  the  ''  Granular  Limerock  ^  is  mentioned  as  accompanying  the 
'^  Transition  Granular  Quartz  "  from  Whitehall  on  Lake  Ghamplain,  to 
Barnegat  on  the  Hudson.  Up  to  this  time  Prof.  Eaton  appears  to  have 
regarded  the  terms  "  Granular  Quartz  "  and  the  "  Granular  Limerock  ^ 
as  interchangeable.  In  the  classificsition  of  1824,*  however,  the  "Gran- 
ular Quartz  "  is  separated  from  the  "  Granular  Limerock  "  and  fully 
described.  The  "Transition  Argillite"  and  the  "Primitive  Argillite" 
are  also  defined,  and  some  of  the  localities  given  are  now  known  as 
localities  of  Lower  Cambrian  slates.  The  geologic  profile  accompany- 
ing the  memoir  of  1824  exhibits  the  differentiation  made  by  Prof.  Eaton 
in  the  classification  of  the  rocks  between  the  primitive  granite  and  the 
secondary. 

In  the  geologic  nomenclature  of  to-day  the  "Granular  Quartz"  is 
included  in  the  Lower  Cambrian,  and  the  "Granular  Limerock"  equals 
the  Trenton  Chazy-Calciferous  limestone.  The  "  Primitive  Argillites" 
of  Williamstown  Mountain  equal  the  Upper  Hudson  or  Lorraine 
shales.  The  "Transition  Argillite"  is  nearly  all  Cambrian,  with  the 
exception  of  a  small  portion  near  the  Hudson  River.  The  Galciferous 
sandrock  is  of  the  same  age  as  the  "Transition  Argillite."  The  Gray- 
wacke  of  Peterborough  Mountain,  and  the  Metalliferous  limerock  is 
of  Silurian  (Ordovician)  age.  The  "Transition  Argillite"  is  mostly 
of  Lower  Cambrian  age,  and  much  of  the  so-called  Calciferous  sand- 
rock  and  Gray  wacke  of  the  section,  represented  as  resting  on  the  up- 
turned edges  of  the  "Argillite,"  are  portions  ot  the  same  series  to  which 
the  "Argillite"  belongs.    Near  the  Hudson  River  a  profound  fault 

<Iii  a  review  of  Maclnre's  memoir  by  C.  S.  Rafineaqne  it  Is  saggt^Ated  by  Mm  tbat  "  We  ronnt  espe- 
cially collect  and  describe  all  the  organic  remains  of  onr  soil,  if  we  ever  want  to  speculate  with  t4ie 
smallest  degree  of  )>rob»bility  on  the  lormation,  respective  age,  and  history  [of  our  strata."  (Obser- 
vations on  the  geology  of  the  United  States  of  America,  by  William  Maclnre;  a  notice.  Am. 
Monthly  Magnzinc,  vol.  3, 1818,  pp.  41-44.) 

'An  Index  to  the  Geology  of  the  Northern  States,  with  a  transverse  section  flrom  Gatskill  Mountain 
to  the  Atlantic.    Leicester,  1818. 

*£aton,  Amos.  An  Index  to  the  Geology  of  the  Northern  States,  2d  ed.,  1820,  pp.  154-212. 

^ Eaton,  Amos.  A  geological  and  agricultural  survey  of  Kensselaer  County,  New  York,  with  a  geo- 
logical profile  from  Onondaga  to  Massachnsetts,  p.  16,  plate.  Albany,  1822.  Memoirs  of  the  board  of 
agriculture  of  the  State  of  New  Tork,  1823.  vol.  2,  p.  9. 

*A  geological  and  agricultural  survey  of  the  distiiot  adioiuing  the  Erie  Canal,  1824,  pp.  30, 56-58, 
plate.  Albaiky. 
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With  a  great  horizontal  thrust  hivs  forced  the  Lower  Oambrian  over  and 
on  to  the  Silurian  (Onloviciau)  rocks.  The  misunderstanding  of  the 
true  relations  of  these  rocks  and  a  dependence  upon  their  lithological 
characters  led  Prof.  Eaton  into  an  error  that  has  come  down  to  the 
present  day  in  memoirs  relating  to  the  ^'  Taconic  System." 

Prof.  l*3aton  reviewed  his  work  from  tjme  to  time  until  1832,  when  his 
final  scheme  of  classitication  appeared.  It  is  reprinted  in  the  following 
t'dbnlation,  with  the  equivalents  of  his  formations  as  known  in  the  uo- 
uienclature  of  today.* 
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Eaton'H  Nomenolataro  (1832). 
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1.  Grauite,  Mica  slate, Hombleude  and  Talcose  rook 


1891. 


Upper  Helderberg. 

Niagara. 

Oneida,  Clinton,  Medina. 

Utica,  Hudson. 

Trenton. 
Calciferons. 
Trenton,  Cbazy. 

Lower  and  Middle  Cambrian  and  Silu- 
rian. 
Hudson. 

Considerable  Hudson,  but  includes  a 
great  mass  of  Lower  Cambrian  in 
Rensselaer  County,  N.  Y. 

Trenton-Cbasy  limestone,  Calciferoua 

Cambrian  limed  tone. 
Lower  CambriAU. 
Algonkian,    pre-Cambrian,  and   Ar> 

chean. 


Tliestratigraphicposition  of  the  "Gr{inularQuartz'^(2of  the  Primitive) 
is  correctly  represented,  and  it  is  now  known  to  contain  Olenellus  sp.? 
A  large  portion  of  the  strata  referred  to  the  *' Argillite''  (1,  of  the  Tran- 
sition) is  also  known  to  carry  Olenellus  asaphoides  and  to  belong  to  the 
Lower  Cambrian  terraue.  In  the  text  the  '*  Gray  wacke  slate  ^  (2,  of  the 
Transition)  is  described  as  resting  unconformably  upon  the  upturned 
ei\p,e%  of  the '' Argillite'^  (1),  and  it  is  so  represented  in  the  section.  This 
is  e^ssentially  the  same  as  the  section  of  1820  and  as  in  the  more  detailed 
section  of  1824. 

fiev.  Chester  Dewey  studied  the  geology  of  the  vicinity  of  Williams- 
town,  MiU^sachusetts,  and  in  1819'  published  a  short  sketch  of  the 
mineralogy  and  geology  of  this  region.  He  followed  this  in  1820  by  a 
geologic  section  from  the  Taconic  range  in  Williamstowu  to  the  city  of 

'  Gcologlral  Text-book  for  aiding  tbe  study  of  North  American  Geology;  being  a  systematic  arrange- 
ment of  factA  rollecfed  by  the  author  and  his  pupils  under  tbe  patronage  of  the  Hon.  Stephen  Van 
K^OMflaer.     Kfcond  edition,  5  platen.     AUiany,  18.'>2. 

*Sk(tcb  of  I  ho  Mineralogy  and  Geology  of  the.  vicinity  of  Williams'  College,  WiiUamstown,  Mass*- 
ebusotu.     (  With  a  map.)    Am.  Jour.  Soi.|  voL  1, 1819,  pp.  337-3M. 
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Troy,  on  the  Hudson  J  In  this  section  the  relations  of  the  quartz  forma- 
tion to  the  mica  slates  of  the  Archean  are  shown,  and  in  a  general  way 
the  Lower  Ganibrian  slate  is  described.  This  is  referred  to  the  Transi- 
tion argillite.  In  1824'  he  described  the  formation  more  in  detail.  On 
the  map  accompanying  this  pa[H3r  the  distribution  of  the  various  rock 
mr.ssos  is  more  accurately  given  than  in  any  maps  published  prior  to 
those  of  Prof.  James  D.  Dana,  wlien  studying  the  strata  referred  to  the 
Taconic  system.  It  exhibits  an  acquaintance  with  the  surface  distribu- 
tion of  the  rock  masses  and  a  clear  comprehension  of  the  classitication 
and  correhition  of  rocks  on  the  principle  of  lithologic  characters.  The 
distribution  of  tiie  Granular  Quartz  and  its  relation  to  the  subjaciMit 
primitive  rocks,  or  the  mica  slate  of  the  map,  is  particularly  well  worked 
out. 

Dr.  E.  Emmons,  a  pupil  of  Prof.  Eaton,  adopted  the  order  of  socces- 
sion  of  the  strata  as  i>roposed  by  PiatOn,  and  separated  the  ''Granular 
Qunrtz"  (2),  "Granular  Limerock''  (3),  and  "Argillite''  (1)  to  form  a 
di.s(inct  series  of  rocks  between  the  "Granite"  (1)  and  the"Gray- 
wacke"  (2)  of  the  Transition.  To  this  series  of  rocks  he  gave  the  name 
"  Taconic,"  as  Nos.  3  and  1  are  largely  developed  in  the  Taconic  range  of 
mountains.  His  central  idea  was  that  the  rocks  were  nonfossiliferous 
and  beneath  the  zone  of  animal  life,  and  were  separated  by  their  miner- 
alo^ical  characters  from  the  subjacent  and  superjacent  rocks.^ 

Ill  accordance  with  the  belief  that  the  "  Granular  Quartz  "  belonged 
to  a  system  of  rocks  which  were  beneath  the  zone  of  animal  life,  Dr. 
Emmons  considered  it  the  oldest  of  the  sedimentary  rocks,  and  far 
beneath  the  Potsdam  sandstone  surrounding  the  Adirondack  moun- 
tains. Ue  thus  differentiated  the  Potsdam  sandstone  and  the  "Granu- 
lar Quartz"  as  two  distinct  formations.  The  work  of  Messrs.  Dewey 
and  Emmons  added  little  to  the  knowledge  of  the  true  position  of  the 
"Granular  Quartz"  in  the  geologic  series,  as  they  did  not  discover 
fossils  in  it  or  (he  associated  formations. 

Prof.  H.  D.  Koger's,  in  summing  up  the  results  of  his  study  of  the 
marbles  and  sandstones  of  the  western  portion  of  Berkshire  County, 
Massachusetts,  states  that  he  considered  the  Berkshire  limestone  and 
marble  to  be  the  equivalent  of  the  (Trenton)  limestone  series  of  the  New 
York  section  ;  and  that  the  semi-vitrified  quartz  was  equivalent  to  the 
sandstone  at  the  base  of  the  same  series  (the  Potsdam  sandstone).*  In 
the  same  year,  1841,  a  discussion  of  these  formations  was  published  in 

I  Geolo;;ical  section  from  Taconick  lango,  io  Williamstown,  to  the  city  of  Troy,  on  ibe  Uuilson  Am. 
Jour.  Bci.,  voL  2, 1810,  pp.  24G-248. 

'A  skolcb  of  the  g04ilo;iy  nnd  luiucralogy  of  the  western  part  of  Massachasette,  and  a  small  part  of 
the  iiiljoiniuK  State:).    Am.  Joar.  Sci.,  vol.  8, 1 824,  pp.  1-60. 

>G(  ulogy  of  Nuw  York,  Part  2,  comprising  the  survey  of  the  second  geologioal  (Korthem)  diatrictt 
18^2.  pn;:es  135-104. 

*  Some  oboervai  ions  on  the  geological  structure  of  Berkshire,  Massachnaetts,  and  neighboring  parts 
of  Now  Yuik.  Am.  Phil.  Soc.  Proc.,  vol.  2,  1841,  pp.  3,4.  On  the  physical  simctnre  of  the  Appa- 
lachian Clinin,  as  cxcmplifving  the  InwH  which  huve  regulated  the  elevation  of  great  mountain  obaius 
gcnt-rHliy.    Titms.  Am.  Assoc.  Geol.  Nat.,  1842,  p.  482. 
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the  Geology  of  Massachusetts/  iu  wliich  the  qaartzite  is  described  with 
many  details.  Iu  the  table  on  page  303,  the  ^'Granular  Quartz  "is 
placed  at  tlie  base  of  the  Paleozoic,  or  Sedimentary  series,  that  is,  at 
the  base  of  the  stratified  rocks. 

Dr.  W.  W.  Mather,'  in  his  survey  of  this  region,  concluded  with  Prof. 
Rogers  that  the  *'  Granular  Quartz"  and  other  rocks  referred  to  the 
Taconic  by  Emmons  were  the  same  as  those  of  the  Cham  plain  division 
of  the  New  York  section,  modified  by  metamorphic  agency  and  the  iu- 
trusion  of  Plutonic  rocks.  This  correlates  the  '<  Granular  Quartz"  with 
the  Potsdam  sandstone.  The  '' Granular  Quartz "  and  the  Potsdam 
sandstone  were  referred  to  the  Primal  series  by  Prof.  H.  D.  Rogers  ^ 
along  with  all  the  quartzites  that  were  found  at  the  supposed  base  ot 
the  Paleozoic  series  in  the  Appalachian  region  and  north  through  New 
York  and  Vermont  into  Canada,  and  westward  into  the  Mississippi 
Valley.  This  reference  to  the  Primal  series  is  more  fully  described  in 
the  final  report  of  the  Geological  Survey  of  Pennsylvania.* 

Profl  Ebenezer  Emmons  described  the  "  Granular  Quartz"  uith  con- 
siderable detail  as  the  basal  member  of  his  Taconic  system.^  In  the  re- 
ports of  1844  and  1847  its  occurrence  in  western  Massachusetts  and  wtst- 
ern  Vermont  is  noticed,  and  it  is  stated  that  in  all  probability  it  occurs 
as  far  north  as  the  Canadian  border.  Its  extension  into  Vermont  had 
been  previously  noted  by  Messrs.  Eaton  and  Dewey,  and  we  find  in  thi^ 
first  annual  report  of  the  Vermont  survey  the  statement  by  Prof.  C.  B. 
Adams^  that  a  quartz  rock  constitutes  the  western  base  of  the  Green 
Mountains  from  the  north  partof  Addison  County  to  Massachusetts; 
and  it  is  further  said^  that  the  quartz  rock  accompanies  the  Stockbridgo 
limestone,  disappearing  with  it  in  the  north  part  of  Addison  Cuuuty, 
and  that  near  Lake  Dunmore  a  bowlder  was  foiind  in  the  vicinity  of  the 
quartzite  beds  containing  two  remarkable  species  of  Polyparia(f ).  Two 
years  later,  in  speaking  of  an  excursion  into  Bennington  County  Prof. 
Adams  says  that'the  Quartz  rock  may  equal  the  Potsdam  saudstone, 
but  there  has  evidently  been  too  great  a  disturbance  in  this  region  to 
admit  of  certain  conclusions." 

A  full  description  of  this  formation  is  presented  under  the  heading  of 

■Final  report  on  ibe  j^eolof^y  of  Masaaohasets,  vol.  2, 18U,  pp.  580-593. 

>  Mather.  William.  Natural  History  o(  New  York.  Pt.  1,  Goology  of  Now  York ;  geology  of  the 
first  (ftoutlicaatOTD)  district.    Albany,  1843,  p.  438. 

*Oii  American  Goology  and  i»reaent  condition  of  geological  rosearch  in  the  United  States.  Am. 
Joor.  ScL.  vol.  47, 1844,  pp.  151-154. 

*  Tbo  geology  of  Pennsylvania.    Philadelphia,  1858,  vol.  2,  p.  751. 

*6eoIogy  of  New  York,  pt.  2,  comprising  tho  survey  of  the  second  geological(northem)  district 
1842.  pp.  135-HM.  The  Taconic  System ;  based  on  observations  in  New  York*  Massacliu-tettH,  Vurinont, 
and  Khode  Island,  pp.  i-vii,  67,6  plates,  Albany,  1814.  Agriculture  of  New  York,  vol.  1,  pp.  45-112, 
plates  21,  map.  Albany  (1846),  1847.  American  Geology,  containing  a  full  statement  of  the  principles 
of  the  science,  with  full  illustrations  of  tho  chamctoristic  American  fossils.  8vo.  Albony,  1856,  vol. 
I,pt.2.pp.l22. 

*  First  Annual  Beport  on  the  Geology  of  Vermont.    Burlington,  1615,  p.  57. 
'Op.cit..p.6l. 

*Third  Annual  Beport  on  (he  Geology  of  tho  Stato  of  Vermont.    Burlington,  1817,  p  13. 
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"  Quartz  Rock  "  iu  the  final  report  of  tlie  Geological  Survey  of  Verniout 
by  Prof.  0.  H.  Hitchcock  J  Detailed  descriptious  are  given  of  its  char- 
acter an  found  iu  Vermont,  where  it  is  said  to  have  a  tliickness  of  at  least 
1,000  feet.*  On  this  same  page  we  reml  that  "  roacU  of  the  cpiartz  rock 
in  the  valley  between  Bristol  and  Starksboro  can  not  be  distinguished 
i'rom  members  of  the  red  sandroek  series.''  Several  species  of  fossils 
are  mentioned  as  occurring  in  it ;  they  are :  A  species  of  Liugnla,  a  mol- 
Insk,  resembling  the  Modiolopsis,  a  straight  chambered  shell  (I),  a  few 
ciinoidal  columns,  the  Scolithm  linearis  {UaW),  a  few  fucoids,  and  some 
indeterminable  forms  which  are  evidently  organic.^  The  exact  geolog- 
ical horizon  of  the  quartz  rock  is  not  determined. 

Ati  this  point  the  review  of  the  literature  referring  to  the  *' Granular 
Quartz"  will  be  postponed  until  it  is  taken  up  in  connection  with  the 
*'  Red  Sandroek"  and  "  Georgia  Slates"  of  Vermont.  In  1801  the  three 
formations  were  practically  united  in  one  geologic  terrane  by  the  dis- 
coveries of  Messrs.  Billings  and  Barrande  and  the  correlations  of  the 
Geological  Survey  of  Vermont.  A  review  of  the  references  made  to 
the  Red  Sandroek  and  the  Georgia  Slates  will  next  be  given,  and 
then  the  three  formations  will  be  considered  together  as  they  are  de- 
scribed in  New  York  and  Vermont. 

BSD  BANDROCK. 

When  describing  the  formation  terminating  the  Champlain  group  of 
the  New  York  section  Dr.  E.  Emmonu  correlated  the  brown  or  red- 
brown  sandstone  of  Vermont,  on  the  eastern  border  of  Lake  Cham- 
plain,  asfouml  at  Addison,  Charlotte,  Burlington,  and  Colchester,  with 
the  gray  sandstones  that  terminate  the  Lorraine  shales  of  Jeil'erson 
County,* New  York.*  He  thus  assigned  the  "Red  Sandroek"  of  the 
lutnre  to  the  summit  of  the  Lower  Silurian. 

In  presenting  the  results  of  his  study  of  a  section  crossing  Vermont 
from  the  Green  Mountains  to  Lake  Champlain,  Prof.  C.  T.  Jackson* 
mentions  the  occurrence  at  Burlington  Falls  of  a  red  sandstone  con- 
taining numerous  beds  of  buff  colored  and  blue  compact  limestone  des- 
titute of  fossils.  He  referred  it  to  the  Potsdam  sandstone  of  Dr.  Em- 
mons. "At  Willard's  quarry  the  red  sandstone  rock  alternates  with  a 
bright  red  slate,  covered  with  lipple  marks  made  by  the  waters,  from 
which  the  sediment  was  originally  deposited."  He  further  states  that 
a  mile  from  Burlington,  on  the  Winooski  River,  large  beds  of  compact 
blue  and  excellent  white  limestone  are  found. 

Prof.   C.  B.  Adams  describes  in  the  first  report  of  the  Geologiral 

*  Hjpozoic  and  Paleozoic  roclca.   Keport  on  the  Geology  of  Vermout,  ileecripti ve,  theorotical,  ecouom- 
col,  anil  sconogi'Aphica],  vol.  1, 1861,  pp.  842-357. 

■Op.  clt.,p.3.*>5. 
'Op.clt.p.aSO. 

*  Geology  of  Nuw  York,  pt  2,  conipriaing  tbe^  saryey  of  tlie  soconil  geological  (northern)  district. 
1842.PP.  123, 124. 

*'  Finnl  Hrport  ou  tlio  Geology  nnd  Mineralogy  of  the  State  of  New  Uamp»hiro,  with  coutributiuiiB 
(owaida  tlieiujprovciuontof  agrlculiuit)  and  metallurgy.  Concord,  1844,  p.  161. 
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Survey  of  Vermont  the  occurrence  of  roofing  slates  in  southern  Ver- 
mont '  which  he  refers  to  the  Taconic  slate  of  Dr.  Emmons,  without  a 
further  attempt  to  assign  them  to  a  geologic  horizon. 

In  the  following  year  a  section  is  given  of  Snake  Mountain  by  Prof. 
Adams'  in  which  the  Red  sandrock  is  shown  resting  conformably  upon 
the  Hudson  Kiver  shale.  In  1847  he  referred  to  his  studies  of  the  lied 
sandrock^  and  noticed  the  discovery  of  fragments  of  trilobites  which 
Prof.  James  Hall  identified  as  Oonocephalus.^  He  next  assigned  his 
Ued  Sandrock  to  the  Upper  Silurian,  correlating  it  with  the  Medina 
sandstone.^  Dr.  E.  Emmons  criticised  this  view  of  Adams,  and  stated 
that  be  was  in  error.  He  regarded  the  formation  as  of  Calciferous  or  of 
Potsdam  age  as  proved  by  the  fossils,  stating  that  the  rocks  rest  on  the 
Taconic  slate.^  Prof.  Adams  reasserted  his  view  in  1848,''  stating  that  no 
line  of  fracture  occurred  above  the  Trenton  limestoue,and  that  the  Snake 
Mountain  section  showed  that  it  contained  Utica  and  Hudson  River 
rocks.  Later,  Dr.  Zadock  Thompson  adopted  the  view  that  the  lied 
sandrock  was  in  its  natural  position  on  the  summit  of  Snake  Mountain." 
The  view  that  the  lied  sandrock  series  was  the  equivalent  or  the  Me- 
dina of  the  New  York  section  was  sustained  by  Prof.  W.  B.  liogers^ 
And  the  Medina  or  Clinton  age  of  the  "  Red  sandrock''  was  suppoited 
by  the  Geological  Survey  of  Vermont.^" 

Mr.  E.  Billings,  on  learning  of  the  discovery  of  fossils  in  the .''  Red 
jBandrock''  near  S\vauton,  Vermont,  by  Dr.  G.  M.  Hall  and  liev.  J.  D. 
Perry,  visited  the  locality  and  found  a  small  Theca  and  a  Oonocepha* 
Jites.  Upon  this  paleoutological  evidence  he  referred  the  stratci  to  about 
the  horizon  of  the  Potsdam  sandstone,  to  which  position  it  Las  since 
been  assigned  by  most  authors  who  have  had  occasion  to  mention  it.^' 
Mr.  Billings  also  corrected  the  statement  of  Prof.  Hall,  that  the  trilo- 
bites of  the  Georgia  slate  were  from  the  Hudson  terrane,  and  referred 
them  to  the  Primordial  or  Lower  Potsdam.  This  transferred  the  Geor- 
gia series  and  the  associated  '^  Red  sandrock  "  to  the  Cambrian.'^ 

1  have  thus  far  referred  only  to  the  "  Red  sandrock,"  as  it  was  men- 
tioned more  definitely,  and  assigned  to  a  geological  position  prior  to 
^e  argillaceous  and  arenaceous  shales  and  slates  that  overlie  it.  As 
dm  ''Red  sandrock"  and  these  shales  or  slates  will  be  spoken  of  together 

*  Yirnt  ADDtial  Report  on  tho  Geolo)^  of  Vermont.   Burliu^^ton,  1845.  p.  35. 

'  Second  Annoal  Report  on  tho  Geology  of  the  State  of  Vermont.    Jiurliiigton,  1846,  i>.  1U3. 
'  Thlni  Aunnal  Report  on  the  Geology  of  the  State  of  Vermont.    Barliiiglon,  1847,  pp.  i;^15. 

*  Letter  on  certain  fomils  in  tho  Red  sandrock  of  Uighgate.    Third  Aunnal  Report  on  the  Geology  of 
the  State  of  Vermont.    Burlington,  1847,  p.  31. 

*  On  the  Taconic  System.    Am.  Jour.  Agric.  and  Sci.,  vol.  G,18t7,  p.  260. 

*  (On  the  Taconic  System.)    Am.  Jour.  Agrio.  and  Sol.,  vol.  0,  1847,  p.  260. 
*0n  the  Taconic  Rovka.    Am.  Jour.  Sci..  2d  ser.,  vol.  5.  1843,  pp.  io8-110. 

■  Geology  of  Vermont.    Nat.  Hist,  of  Vermont,  Burlington,  1853,  Appendix,  p.  46. 

*  (Kotea  on  the  geological  structure  of  wostem  Vermont.)    Report  ou  Uie  Geology  of  Vermont,  vol. 
1.1861,  pp.  326,327. 

**  Hitchcock,  C.  H.    Report  on  the  geology  of  Vermont.    Notes  on  the  sections,  vol.  2, 1861,  p.  650. 
"  On  the  age  of  the  re<l  sandstone  funnatiou  of  Vermont.    Am.  Jour.  Sci.,  2d  ser.,  vol.  32, 1861,  p.  *2^i2, 
"On  ProC  J.  Hall's  claim  to  priority  in  the  determination  of  the  a^Q  of  the  red  sai|(]lrQck  series  )f 
Ycrmont.    Am.  Jour.  ScL,  2d  ser.,  vuL  33, 1862,  pp.  370-379. 

Bull,  81- 
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hereafter,  I  will  now  go  back  and.give  a  abort  r^sam^  of  the  history  of 
the  latter  as  mentioued  by  various  authors. 

OEOBGIA  8LATS8. 

Tbe  first  notice  we  find  of  the  slates  and  shale^^  now  referred  to  the 
Georgia  terrane  of  Vermont  is  by  Prof.  Amos  Eaton,  in  1818.  Tbe 
argillaceous  and  siliceous  slates  and,  in  isolated  masses,  a  graywacke 
slate  (Nos.  9  and  10  of  his  figured  section)  are  shown  to  the  east  and  west 
of  the  Hudson  Biver,  the  slates  on  the  east  alone  belonging  to  the  Cam- 
brian.^ These  slates  were  referred  to  the  transition  class.'  In  the  next 
edition  of  his  index'  these  beds  are  referred  to  the  Argillite  (7)  and  the 
Graywacke  (9),  these  t4;rnis  being  then  api^lied  to  them  as  seen  in  Rens- 
selaer County,  New  York,  and  in  all  of  Eaton's  subsequent  publii^ations. 
It  is  the  Argillite  (L)  and  the  Fii*st  Graywacke  or  the  Graywacke  slate 
of  the  First  Graywacke  of  the  nomenclature  of  1832^  and  his  paper  of 
1839.*  On  Kev.  Chester  Dewey's  Geological  Map  of  1824*^  the  same 
area  in  Rensselaer  County  is  included  under  the  term  "Grey  Wacke" 
and  in  part  "Transition  Argillite.'' 

In  defining  the  limits  of  the  Taconic  System  in  1844,''  the  northward 
extension  of  Prof.  Eaton's  Argillite  and  Graywacke  of  Rensselaer 
County  into  Washington  County  was  called  the  Taconic  slates,  and  it 
was  in  this  series,  a  mile  north  of  Bald  Mountain,  that  the  first  fossils 
of  the  Olenellus  or  Lower  Cambrian  zone  were  fouad  by  Dr.  Asa  Fitch. 
Theseslates,  with  their  interbedded  arenaceous  layers,  formed  the  Upper 
Tcieuiiic  of  Emmons,  which  he  stated  could  be  traced  uorthwaid  to  the 
Canadian  border,  in  the  ma[)  accompanying  Dr.  Emmons's  memoir  on 
the  Taconic  System,  published  in  1814,  ail  of  the  strata  east  of  the 
Hudson  are  colored  Taconic  slates,  or  included  in  the  Taconic  system. 
The  same  strata  in  the  map  of  1842,  published  by  the  Geological  Sur- 
vey of  New  York,  are  included  under  the  Hudson  River  group. 

Dr.  Asa  Fitch,  a  practicing  physician  in  Washington  County,  Sfew 
York,  studied  the  local  geology,  and,  under  the  headings  of  "  Taconic 


*  Till)  (Iruywacke  or  Grit  area  of  tbe  eaatem  part  of  Reusselacr  County  is  uow  known  to  be  aboTe 
the  luctiillit'emuK  liiiiestouo  of  Eatun  or  the  Trenton  limestone  series  of  tbe  Ntrw  York  State  Survey. 
Tbe  recent  work  of  Mr.  T.  NeUon  Dale,  of  tbe  U.  S.  Geological  Sui-rey,  establishos  this  an<l  proves 
that  I  was  incorrect  in  rvferrinj;  thiH  are*  to  tbe  Cambrian  on  the  map  accompanying  the  paper  on 
the  Taconic  System  of  Emmons  and  the  use  of  the  name  Taconic  in  j^^eologic  nomenclatnre.  (Ara. 
Jour.  Sci.,  3d  ser.,  vol.  05,  1888,  pi.  3.)  It  Is  probable  that  the  eastern  poitiou  of  the  Cambrian  aiea, 
as  there  mapped,  to  the  north  of  tbe  Berlin  Grit  area,  in  western  Bennington  and  KuUaud  oonnties, 
Vermont,  may  uldo  prove  to  bo  of  Lower  Silurian  (Ordovician)  age.    (C.  D.  W.,  June,  1891.) 

'An  index  to  the  geology  uf  the  Northern  States,  with  a  transverse  section  jrom  Catskill  Mouii* 
tain  to  the  Atlantic.     Leicester,  1818,  pp.  27-30. 
'An  index  to  the  goulogy  of  tho  Northern  States.    2d  cd.,  l2mo,  Troy,  N.  Y.,  1820,  p.  163. 

*  Geological  Text  Book,  2d  ed.,  1832. 

*Cherty  lime-rock  or  Corniferoas  limc*rock  proposed  as  the  line  ot  reference  for  Slate  geologUts  of 
Kew  York  and  Pennsylvania.    A  m.  Jour.  Sci.,  vol.  36, 1830,  pp.  60, 70. 

*  A  sketch  of  the  geology  and  mineralogy  of  the  western  pari  of  Maseachusette  and  a  small  part  of 
the  a(\ioining  States.    Am.  Jour.  Sci.,  vol.  8, 1824,  pp.  1-60. 

'  Eminonn,  E.    Tbe  Taconic  System ;  based  on  observations  in  Kew  York,  Magaachnaetto^  Yermoiii 
and  Kkode  Island.  Albany,  ISM,  pp.  i-vii,  67, 0  plates. 
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slate"  and  '^Tacouio  sandstoue,"'  gives  a  description  of  the  slaten  and 
interbedded  sandstone  with  considerable  detail.  He  thinks  that  they 
may  belong  to  an  older  system  than  the  New  York  rocks,  but  no  evi- 
dence is  given  to  support  this  view.  On  page  805,  Dr.  Fitch  states  that 
in  the  summer  of  1844  he  found  at  Reynold's  Inn  the  first  fossils  known 
from  the  Taconic  slate,  and  sent  them  to  Dr.  Emmons,  who  named  and 
published  illustrations  of  two  species.  Dr.  Fitch  also  describes  an 
annelid  trail,*  Helminihaidichnites  tenuiSj  from  the  '^  Taconic  slate"  of 
Granville.* 

Dr.  O.  £.  Adams,  of  the  Geological  Survey  of  Vermont,  called  the 
northwanl  extension  of  the  Upper  Taconic  slate  (of  Emmons)  of  Wash- 
ington and  liensselaer  Counties,  the  roofing  slates  of  the  Taconic  system, 
and  inchided  them  in  his  Hudson  Biver  gronp.^ 

The  fossils  described  from  a  locality  of  this  horizon,  near  Troy,  New 
York,  ih  the  paleontology  of  New  York,*  were  included  by  Prof.  James 
llall  with  those  of  the  Hudson  Biver  group  and  were  considered  to  be 
of  that  nge.  This  same  view  was  taken  by  him  of  the  northward  ex- 
tension of  this  series  in  Vermont,  when  he  described  the  trilobites  from 
the  shales  of  Georgia  in  1859.    At  the  close  of  this  article  he  says:  ^ 

In  addition  to  the  evidoDce  lioretofore  possessed  regarding  the  po«ition  of  the  shales 
containing  the  trilohites,  I  have  the  testimony  of  Sir  W.  E.  Logan  that  the  shales 
of  this  locality  are  iu  the  upper  part  of  the  Hudson  River  group,  or  forniiug  a  pai-t 
of  the  scries  of  strata  which  he  is  inoliued  to  rank  as  a  distinct  group  above  the  Hud- 
son River  proper.  It  wonid  he  quite  snperfluons  for  me  to  add  one  word  in  support 
'  of  the  opiuioD  of  the  most  able  stratigraphical  geologist  of  the  American  oontiueut. 

Prof.  C.  H.  Hitchcock,*  in  speaking  of  the  trilobite  rock  of  Vermont, 
from  which  Prof.  Hall's  specimens  were  obtained,  stated  that  he  con- 
sidered them  as  overlying  the  equivalent  of  the  Oneida,  which  was 
superjacent  to  the  Hudson  Kivcr  Bocks. 

The  attention  of  M.  Joachim  Barrande  having  been  calle<l  to  the 
fossils  found  in  the  Georgia  slate,  he  studied  them  with  great  care,  and 
published  an  extended  review  of  the  literature  referring  to  them,  and 
discussed  the  paleontologic  proof  of  the  age  of  the  rocks.''  He  decided 
that  the  fauna  was  equivalent  to  his  Primordial  fauna  of  central  Bo- 
hemia, and  that  it  could  not  be  referred  to  the  Second  fauna,  as  had  been 
done  by  the  American  observers.    Under  the  impression  that  Dr.  Em- 

>  A  Hwtorie«l,  Topograpliioal,  and  Affricoltaral  Survey  of  the  County  of  Washington.    Trans.  N.  T. 
SUte  Agrio.  Soc.  for  1840. 1850,  pp.  830-857. 
'Op.cit,p.868. 

*  First  Annoal  Report  on  the  Geology  of  the  State  ot  Vermont,  BurllnKton,  1845^  p.  01.    On  the 
Taconic  Bocks,  Am.  Joor.  Sci.,  2d  series,  vol.  5, 1848,  pp.  108-110. 

^Paleontology  of  New  York,  vol.  1,  containiu;;;  descriptions  of  the  organio  remains  of  the  lower  di* 
Tision  of  the  Kew  York  system,  1847,  pp.  252, 250, 267. 

*  Bemarks  upon  the  trilobites  of  the  shales  of  the  Hudson  Biver  group.    Paleontology  of  Kew 
York,  Tol.  3,  sapploment  to  vol.  1, 1850,  p.  529. 

*  On  the  geology  of  Vorroont,  chiefly  in  conneotion  with  the  Taoonio  System.    Boston  Soo.  Nat  Hist 
Proc.,  voL  7, 1861,  pp.  420, 427. 

^Documents  anoiens  et  nouTeaox  sur  la  faune  primordiale  et  le  systtese  taoonlque  en  Am6rique. 
806. 86oL  Franoe,  Bull,  2'  aftr.,  voL  18;  1861.  pp.  20&-82L 
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iDQiis's  6tratigrai>bic  work  was  correct,  M.  Barrande  crcilitcd  him  with 
having  correctly  located  the  Primordial  fauna  in  Americii. 

In  1861  Prof.  Hall  changed  the  reference  of  the  Georgia  trilobites 
liom  the  Hndson  Eiver  group  to  the  Quebec  group.^  In  a  letter  writ- 
ten to  M.  J.  Barrande,  dated  April,  18G2,  the  explauutiou  of  this  is  given, 
lie  states  that  his  own  conviction  was  that  the  Red  sandrock  and 
the  Granular  Quartz  of  Vermont  were  of  the  age  of  the  Potsdam  sand- 
stone and  thtit  the  schists  and  shales  which  held  the  trilobites  belong 
between  the  Potsdam  sandstone  and  the  Trenton  lime'Stoue.  He  thus 
changed  his  views  in  relation  to  the  age  of  the  rocks  containing  Ole- 
nellus  and  other  trilobites,  and  referred  them  to  the  lower  portion  of 
what  is  now  designated  as  the  Silurian  (Ordovician).    He  says: 

You  win  iinderstanrl.thcn,  that  if  my  views  toaoliing  tbe  relations  of  these  rocks 
art)  exact  the  vaUey  of  ihe  TrudHon  River  from  the  high  lands  on  the  south  of  Lake 
Champliiiu,  8a vo  a  small  unuiber  of  inconsiderable  exceptions,  is  occupied  by  rocks 
of  tbo  Primorilial  zone,  that  is,  by  rocks  placed  between  the  Potsdam  sandstone  and 
the  Trenton  «;roup.  Thus  the  Hudson  River  group  in  its  typical  localities  belongs  to 
the  Primordial  period.^ 

In  explaining  how  he  came  to  adopt  the  view  that  the  trilobites  from 
the  Georgia  slates  of  Vermont  and  those  described  by  Dr.  Emmons 
from  the  black  slates  of  Washington  County  belonged  to  the  Hudson 
lliver  group,  together  with  the  strata  in  which  they  were  contained,  he 
says : 

I  wish  to  chiim  nothing  for  myself  or  for  my  former  views,  for  we  owe  the  tinal 
solution  of  this  question  to  the  Canadian  survey.  Yet  there  remain  some  divergent' 
views  in  regard  to  the  relation  between  the  shales  and  the  Potsdam  sandstone. 

He  further  states  that  this  arose  from  his  seeing  the  Potsdam  sand- 
stone run  beneath  the  slate  at  Whitehall,  New  York,  and  a  number  of 
other  places;  that  at  no  point  where  the  Potsdam  sandstone  is  seen  is 
there  any  shale  or  other  formation  beneath  it,  excepting  the  crystalline 
rocks  of  the  Adirondacks.  S])eaking  of  the  ^Hlranular  Quartz,"  he  says 
that  it  presents  the  same  relation  as  the  Potsdam  sandstone  to  tbe 
schistose  rocks ;  that  he  has  always  referred  it  without  hesitation  to  the 
Potsdam  sandstone.  He  held  the  view  that  the  schistose  rocks,  with 
their  impure  sandstones,  bre(*.ciated  limestones,  and  calciferous  sand- 
rock,  are  to  be  placed  between  the  Potsdam  sandstone  and  the  Trenton 
limestone  group;  that  the  relation  of  this  group  of  schists  or  slates  to 
the  Potsdam  sandstone  seems  to  be  that  of  an  upper  formation.  In 
none  of  the  outcrops  that  he  saw  in  the  disturbed  region  east  of  the 
Hudson  was  there  one  that  could  explain  the  phenomena  presented,  on 
the  supposition  that  the  sandstone  is  the  upper  rock.  He  then  quotes 
the  nomenclature  of  Eaton  to  show  that  it  was  almost  the  same  as  that 
finally  adopted  by  the  Geological  Survey  of  New  York,  that  is,  the  order 
of  superposition  of  the  formations,  the  '^Granular  Quartz"  being  placed 
at  the  base.    It  is  also  stated  that  the  graptolites  found  in  the  beds 

■  -     —    ■       -  -     .  ■     ■■■—    ^^ll-MIIM—         I  ■!  ■■■  ■  — ^a^—  I  ■■  I  I  I     ■  ■■■■■■■■■       ■^.^»^«^^^^—^^.—l ^M^— ^i^^i^^— ^^i^^— ^^1^— ^ 

> Correction  for  the  thirteenth  annual  report.    14th  Ann.  Rep.,  State  Gab.  Kat.  Hist.,  1861,  p.  llOi 
*  Letter  on  the  Prioiordial  of  America.    Soo.  £;6ol.  Franooi  Bull.,  3*  B6r.,  toL  10, 1802,  p.  738. 
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formerly  referred  to  the  Hadson  Eiver  are  considered  to  belong  to  the 
Primordial  fauna. ' 

The  geologists  of  the  Vermont  sarvey  in  their  final  report  included 
tho  shales  and  associated  slates  and  arenaceous  beds  under  the  title  of 
Georgia  group.    In  proposing  the  name  Georgia  group  to  designate 

these  rocks.  Prof.  0.  H.  Hitchcock  said  :' 

» 

We  use  tlie  term  Georgia  group  to  designate  this  terra! n,  from  the  town  of  Georgia 
in  Franklin  Connty,  where  it  is  developed  in  its  full  proportions  and  where  the  most 
interesting  fossils  have  been  found.  It  is  a  name  also  which  does  not  involve  any 
theory,  and  may  be  used  by  both  parties  in  the  controversy  respecLing  its  age.  "•  •  • 
The  Georgia  slate  includes  what  Prof.  Emmons  has  rauked  as  the  black  slate,  Ta- 
conic  slate,  and  roofing  slate;  and  yet  not  altogether,  for  we  have  regarded  all  the 
black  slate  beneath  the  red  sandrock  as  belonging  to  the  Hudson  River  group.  The 
characteristic  trilobites  of  the  Georgia  slate  are  represented  by  Emmons  in  his  Ta- 
conic  System,  1844,  as  found  in  the  black  slate. 

The  I'ullowing  fossils  are  cited  as  characterizing  the  Georgia  slate  in 
Vermont:  Barrandia  thompsoni  Hall,  B.  vermontana  Hall,  Baihynotu9 
holopyga  Hall,  Oraptolithus  witesi  Hall,  the  trail  of  an  annelid,  and 
unknown  species  of  fucoides.^ 

The  stratigraphic  position  of  the  Georgia  series  was  considered  to  be 
above  the  sandstone  which  represented  the  Oneida  conglomerate,  and 
the  thickness  of  the  slate  was  thought  to  be  at  least  3,000  feet.^  A 
discussion  of  the  stratigraphic  position  of  the  faunas  found  in  the 
Georgia  slates  by  Prof.  James  Hall,  Sir  William  E.  Logan,  and  M.  J. 
'  Barrande,  accompanies  the  chapter.  A  fair  presentation  of  the  argu- 
ment for  and  against  the  Silurian  age  of  the  terrane  13  given.  In  a 
note  upon  the  trilobites  of  the  shales  of  the  Hudson  Eiver  group,  in 
the  same  volume,  Prof.  Hall  redescribes  the  fossils  mentioned  in  his 
paper  of  1859.  In  the  second  volume  of  the  Geology  of  Vermont^  on 
page  799,  the  ''sparry  limestones"  occurring  as  thin  bands  in  the  roof- 
ing slate  series  in  Fairhaven,  Vermont,  are  correlated  with  the  red  sand- 
rock  or  Winooski  marble  of  the  northern  portion  of  the  State. 

In  describing  the  rocks  of  Waterville,  Maine,  Prof.  O.  H.  Hitchcock' 
states  that  the  slates  are  similar  in  mineralogical  structure  to  the 
Georgia  slates  of  Vermont,  which  are  equivalent  to  the  Potsdam  sand- 
stone. 

With  the  determination  (a)  by  Mr.  E.  Billings  that  the  ''  Red  sand- 
rock^  was  of  primordial  agej^  {h)  by  Mons.  Barrande  that  the  fossils 
from  the  Georgia  slate  belonged  to  the  Primordial  fauna;  (c)  that  the 
"Granular  Quartz"  was  the  basal  member  of  the  Paleozoic,  and  had 
been  correlated  with  the  Potsdam  sandstone,  which,  from  its  included 

« Op.  cit,  p.  732. 

'Hyposoic  and  Paleozoic  rocks.    Report  00  the  fceoloj^y  of  VermoDt,  vol.  1,  1861,  p.  368. 
>Op.  cit .  p.  3<7.  *  Op.  cit..  p.  300. 

*  General  report  on  the  genlogj^  of  Maine.    Preliminary  Rt^p.  on  the  Nat.  Hist  and  Geology  of  Maine. 
Anftuala.  18G1,  p.  TiX 
'  Oo  tlie  aisu  of  llio  red  tiaud«tuue  foriuatiou  of  Vunaout.     A.m.  Jour.  Sci.,  2d  ser.,  voL32, 1861,  p.  232. 
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fosflils  in  the  Mississippi  Valley,  was  also  referred  to  the  Primordial^ 
tbe  review  of  the  history  of  these  three  Cambrian  formations  as  they 
appear  in  New  York  and  Vermont  is  carried  forward  as  that  of  one  ter- 
ra ne. 

In  speaking  of  the  determination  of  the  age  of  the  slates  in  Georgia, 
Vermont,  Mr.  E.  Billings  states  that  Mons.  Barrande  first  determined 
their  age.^    He  further  says : 

At  tbo  time  I  wrote  the  note  on  the  Highgate  trilobites  it  was  not  known  that 
theHC  slates  were  conformably  interstratified  with  the  Red  sandrock.  This  discovery 
was  made  afterwards  by  the  Rev.  J.  B.  Perry  and  Dr.  G.  M.  Hall,  of  Swanton. 

He  also  mentions  the  discovery  on  the  Straits  of  Belle  Isle,  by  Mr.  J. 
llichardson,  of  the  Canadian  Geological  Survey,  of  Seolithus  lineariSj 
Paradoxides  thompsoniy  and  P.  vermontana,  and  a  number  of  other  spe- 
cies of  which  a  list  would  be  given  further  on.    He  adds : 

The  sandstones  and  limestones  of  the  north  shore  of  the  straits  [of  BeHe  Isle]  ap- 
])oat'  to  be  of  the  ago  of  the  Potsdam  of  Pennsylvania  and  Tennessee.  The  form  of 
the  Scoltthus  is  identical  with  that  which  occurs  in  these  two  States,  and  some  por- 
tions of  tlie  rock  is  a  coarse  red  sandstone,  exactly  like  the  specimens  sent  to  me 
about  a  year  ago  from  Tennessee  by  Prof.  Safford. 

Mention  is  made  of  the  discovery  by  Rev.  J.  B.  Perry  and  Dr.  G.  M. 
ITall  of  a  group  of  fossils  interstratified  with  the  Eed  sandrock  east  of 
Swanton,  Vermont.  Of  the  species  found,  four  occur  in  the  limestone 
wliich  overlies  the  sandstone  with  Scoltthus  linearis  on  the  north  shore 
ol*  the  Straits  of  Belle  Isle. 

Taking  all  these  facts  together  scarcely  anything  more  is  necessary  to  show  that 
tlio  Red  sandrock  of  Vermont  is  of  the  ago  assigned  to  it  by  me  from  an  examination 
of  Conocephaliles  at  Highgate  in  July  last.  «  •  •  Barrande's  opinion,  founded 
altogether  npon  the  aspect  of  these  trilobites  is  thns  completely  verified.' 

At  the  close  of  the  pa])er  is  a  list  of  the  fossils  found  in  Vermont  and 
on  the  Straits  of  Belle  Isle,  all  of  which  are  referred  to  tbe  Potsdam 
grou]).^  In  speaking  of  the  claim  of  Mr.  Billings,  that  he  had  identi- 
fied the  Primordial  fauna  in  the  lied  sandrock  and  determined  its  geo- 
logical age,  Prof.  James  HalP  states  that  he  had  published  sections  and 
made  statements  in  relation  to  the  age  of  these  rocks  to  show  that  he 
considered  them  to  be  of  the  age  of  the  Potsdam  sandstone  of  the  New 
York  section.  In  reply  Mr.  Billings'  said  that  the  sections  spoken  of 
by  Prof.  Hall  do  u5t  cross  at  any  point*  the  Bed  sandrock  or  Georgia 
slates,  where  they  are  recognized  by  Prof.  Hall  as  belonging  to  the 
Potsdam.  On  the  contrary,  they  are  marked  on  the  section  as  belong- 
ing  to  the  Trenton-Hudson  series. 

>  Fnrihor  obaervations  on  the  ago  of  the  red  sandrock  formation  (Potadam  in^ap)  of  Canada  and 
Vermont.  Am.  Jour.  Sci.,  2cl  aer.,  vol.  S3,  1862,  pp.  100-105.  (See  note  and  corrections,  same  vol.,  pp. 
421-422.) 

»  Op.  cit.,  p.  102.  «  Op.  cit,  p.  104. 

^Ou  tho  Potmlara  sandstone  and  Hudson  River  rooks  in  Vermont.  Am.  Jour.  Sci.,  2d  ser.,  ydl.'33| 
1802,  pp.  100-108. 

*On  Prof.  J.  Hail's  claim  to  priority  in  tlio  determination  of  the  age  of  the  Bed  sandrock  aeiriea  of 
Vermont.    Am.  Jour.  Sci., 2d  ser.,  vol.  33, 18G2,  pp.  370-376. 
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Wben  tracing  the  formations  that  occur  north  of  the  Vermont  and  Can- 
ada boundary  to  the  sontli  ward,  Sir  William  E.  Logan  studied  a  section 
in  the  vicinity  of  Swanton, Vermont,  in  which  the  Georgia  slates  and  the 
Olenellus  fauna  occur  above  the  Bed  sandrock.^  The  latter  are  red  and 
white  dolomites  in  sandy  layers.  The  measurement  of  this  section  gave 
a  thickness  of  710  feet,  including  190  feet  of  shale,  carrying  the  fossiKs 
which  Mr.  Billings  described.  He  traced  the  rwiks  of  the  Swanton  sec- 
tion north  to  the  vicinity  of  Saxe's  Mill,  near  the  United  States  and  Cana- 
dian border,  where  a  measured  section  of  the  dolomitic  sandstone  gave 
a  thickness  of  1,410  feet.'  These  sections  cross  the  Bed  sandrock  forma- 
tion of  the  older  authors.  Tiie  name  Bed  sandrock  is  a  misnomer,  as 
there  is  in  reality  comparatively  little  sand  or  arenaceous  material,  other 
than  arenaceous  limestone  ol  a  highly  dolomitic  character,  in  the  entire 
section. 

Prof.  Jules  Marcou  took  a  very  active  interest  in  the  discussion  of 
the  stratigraphic  position  of  the  fauna  found  in  the  slates  of  Georgia, 
Vermont,  and  published  numerous  papers  upon  the  subject  from  1860 
to  1888.  In  a  paper  pnblished  in  1861^  he  records  some  of  his  own 
observations,  saying  that  in  Vermont  the  Potsdam  sandstone  has  ex- 
actly the  same  aspect  and  composition  as  at  Potsdam,  in  the  State  of 
New  York.  Near  Saxe's  Mills,  a  mile  east  of  Highgate  Springs,  it  con- 
tains two  species  of  Conocephalites,  0.  adamsi  and  0.  vulcaniits.  ITe 
states  that  the  formation  is  broken  up  into  narrow  bands  that  arc 
nnmerons  and  well  developed  west  of  Mr.  Parker's  farm  at  Georgia, 
and  also  on  the  road  between  St.  Albans  and  Swanton,  Vermont;  and 
that  although  at  first  they  appear  to  be  iuterstratified  with  the  Georgia 
slates,  they  are  not  so,  but  may  be  compared  with  the  steps  of  a  ladder 
placed  over,  or  even  a  little  wedged  into  the  Georgia  slates  and  Lingula 
flags.     He  says: 

This  i^roiip  has  been  known  for  a  long  time  in  Vermont  by  the  name  of  Red  Sand- 
rock. »  *  *  Below  the  Potsdam  Raudstone  lie  great  maases  of  slate,  four  or  five 
thousand  feet  thick,  which  for  convenieuce  I  should  divide  iuto  three  parts.'* 

These  are  the  Lingula  flags,  Georgia  slates,  and  St.  Albans  group. 

The  Georgia  slates  are  stated  to  be  characterized  by  Primordial  (os- 
sils,  notably  Paradoxiiles  {Olenellus)  thompsonij  P.  vermoniana^  Feltura 
holopyga,  Obolella  cingulata,  etc' 

In  noting  the  discovery  of  fossils  in  the  Winooski  marble,  at  Swanton? 
Vermont,  Mr.  E.  Billings^  states  that  fossils  were  discovered  by  Mr. 
Solon  M.  Allis,  of  Burlington,  Vermont,  who  sent  them  to  him  for  ex- 

'  Geological  Survey  of  CftnadA;  report  of  progress  from  its  commencement  to  1863.  Montroal,  1SC3, 
pp.  281. 283. 

*Op.  cit,  p.  282. 

*TIio  TaooDic  and  Lower  Silnrlan  rocks  of  Vermont  and  Canada.  Boston  Soc.  Nat.  nint.  Proo.,  vol. 
8, 1862.  pp.  230-2S3. 

*  Op.  cit.,  p.  244.  •  Op.  cit,,  p.  245. 

*  Note  on  the  discovery  of  fossils  in  tlie  "  Winooski  marble,"  at  Swanton,  Vimnont.  Am.  Joi^r.  Sci., 
3d  scr.,  voL  3, 1872,  pp.  Ufs  146,    lyanadian  Nat.,  now  scr.,  rol.  6,  p.  351. 
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afniiiatioii.  He  fouud  a  species  of  Saltercila,  wliicli  lie  identified  as 
iSaWreJla  pulchella.  He  observes  that  the  Winooski  marble,  both  at 
Swaiiton  and  St.  Albans,  seems  to  underlie  the  Georgia  slates,  and  he 
snys: 

It  iH  prencrnlly  of  a  i eddish,  mottled  color,  bat  soraetimes  gray  or  greenish.  The 
liiiireilniio  nt  the  Str.-iitH  of  I3eUe  Isle,  in  which  S,  pulvhella  is  found,  is  also  red,  gray, 
nnil  grei^iisli ;  and  is,  I  have  uo  doubt,  of  the  same  age.  At  this  latter  locality  it 
overlies  a  red  or  browiiinh  sandstone,  conformably,  which  holds  ScolUhvs  linearis.  I 
consider  the  Helli?  IhIo  sundstone  to  be  the  *^  Quartz  rock ''  of  the  Green  Mountains  of 
Vennont.  In  tliat  <>ase,  the  limestone  at  Helle  Isle  occupies^  s'ratigraphically,  the 
position  of  the  Stockliridge  liuicstone  as  represented  by  Dr.  Emmons  in  his  American 
Geoh)gy,  ])art  2,  p.  lU. ' 

Under  the  title  "Geolop^y  of  Vermont,^  Prof.  C.  H.  Hitchcock  tabu- 
lates the  formations  ot  that  State.^  The  Potsdam  group  is  made  to 
include  the  lied  Samlrock,  part  of  the  Hudson  Kiver  slate,  part  of  the 
Georgia  slate,  most  of  the  quartz  rock,  and  the  Potsdam  sandstone  of 
We^t  Haven.  Speaking  of  the  latter  he  says,  the  Pot«dam  rocks  flank 
tiie  gneiss  upon  the  west  side  as  far  north  as  Middlebnry.  Ho  further 
observes  that  the  (jnartz  rock  is  probably  the  same  as  the  red  sandstone ; 
I  hat  botii  are  overlain  by  the  Levis'  limestone,  and  resemble  each  other 
very  much  near  their  supposed  union.  "  I  find  this  view  of  the  identity 
of  those  two  formations  confirmed  by  the  late  map  of  the  Canadian  sur- 
vey, ptiblished  in  ItSGO." 

In  an  article  on  some  points  in  the  Geology  of  Vermont,  Dr.  T.  S. 
Hunt  states: 

It  happens,  then,  from  the  facts  already  set  forth,  that  the  Potsdam  formation, 
wliich  at  its  outcrop  at  the  foot  of  the  Adirotulaclvs  and  Laurentides  includes  only 
froui  300  to  700  foet  of  sandstone,  is  represented  a  few  miles  to  the  eastward  by  not 
h^ss  than  3,000  foot  of  dolomites,  sandstones,  and  slates,  and  moreover  that  occnpy- 
ing  a  position  botwoiMi  the  calciferous  and  chazy  formations,  which  are  contiguous 
at  their  cjistoro  outcrop,  there  becomes  intercalated  within  this  short  distance  a  fos' 
siiifcrous  group,  several  thousand  feet  in  thickness.'* 

The  explanation  of  this  is  quoted  from  Logan's  opinion,  to  the  effect 
that  the  Potsdam  sandstone  accumuhited  along  the  shore,  while  shakes 
and  limestones  were  accumulating  to  a  greater  thickness  in  the  deeper 
water  of  the  adjacent  ocean.  In  summing  up  the  evidence  aa  to  the 
age  of  the  rocks  of  western  Vermont  he  says: 

All  the  evidence,  paleontological  and  strati  graphical,  as  yet  brought  forward 
afl'ords  no  proof  of  tho  existence  in  Vermont  of  any  strata  (a  small  spur  of  Laureu- 
tian  excepted)  lower  than  the  Potsdam  formation,  which  the  present  advocates  of 
1  ho  Taconic  system  regard  as  forming  its  summit.  *  •  •  That  strata  still  older 
than  the  Potsdam  of  New  York  and  Vermont  were  deposited  in  some  portions  of  the 
oceanic  area  is  apparent  from  the  existence  in  New  Brunswick  of  the  St.  John's 
slates  holding  a  Primordial  fauna  older  than  the  Potsdam,  and  it  is  not  impossible 

•  Op.  clt.,  p.  351.  •  Am.  Assoc.  Proc,  vol.  10,  1867,  p.  120. 

*  Levis  Krou]»,  inchuliog  tbe  "  Eoliaii  liincstoiiea,"  "  IIudsoQ  Kiver  limestones,*'  and  tbe  greater  por> 
tion  of  the  Georgia  slate.    (Op.  cit.,  p.  ll'O.) 

*0u  some  points  in  the  geology  of  Vermont    Am.  Jour.  ScL,  2d  ser.,  voL  40, 1868,  p.  22S. 
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tbat  Ibeir  equivalents  may  nnclerlie  the  Potsdam  formation  of  Vermont.    No  sncli 
rocks,  have,  however,  as  yet  been  detected  in  cither  Vermont  or  Canada. ' 

That  Dr.  Hunt  also  confounded  tlie  typical  Potsdam  sandstone  of 
the  Adirondacks,  the  quartzile  of  the  western  base  of  the  Green  Moun- 
tains, and  the  Primordial  scries  described  by  Murray  in  Newfoundland 
is  shown  by  his  statement  that  a  few  hundred  feet  of  typical  Potsdam 
sandstone  in  New  York  are  represented  in  Vermont,  Quebec,  nnd  New- 
foundland by  thousands  of  feet  of  strata  lithologically  very  unlike  the 
type.* 

In  1867  Prof.  0.  H.  Hitchcock  identified  the  Winooski  marble  of 
Vermont  as  the  Red  Sandrock,  and  stated  that  Olenelltis  tlwmpsoni  and 
O.  vennontana  occurred  in  the  superjacent  slaty  layers.^  In  the  same 
volume  he  presents  a  table  of  the  strata  from  the  Silurian  to  the  De- 
vonian, inclusive,  as  found  in  Vermont,  and  in  this  connection  he  says 
he  considers  the  Tnconic  to  be  of  Lower  Silurian  age.  This  included, 
as  described  by  Emmons,  the  Georgia  slates.^ 

At  the  time  of  the  presentation  of  the  two  foregoing  papers  by  Prof. 
Hitchcock  a  paper  on  the  Red  sandrock  of  Vermont  and  its  relations 
was  read  by  Mr.  J.  B.  Perry.*  He  concluded  that  the  Red  sandrock 
was  equivalent  to  the  Potsdam,  and  that  the  sedimentary  beds  below 
the  Potsdam  were  not  Utica  or  Lorraine,  but  belong  to  the  Primordial 
zone  of  Barrande.  The  Potsdam  is  considered  to  be  the  top  of  the 
Primordial,  not  the  base  of  the  Silurian.  In  the  table  of  formations 
the  Red  sandrock  or  Potsdam  is  placed  at  the  top  of  the  Taconic  sys- 
tem, and  the  Taconic  slate  with  the  qnartzite  limestone  or  conglomer- 
ate at  the  base.  The  following  year  the  same  author^  again  stated 
that  (he  Red  sandrock  was  of  Potsdnm  age  and  not  Medina,  and  he 
subdivided  the  slates  below  into  the  Swanton  and  Georgia  series,  as 
older  than  the  Utica  slate,  referring  them  to  the  Primordial  of  Bar- 
rande. 

In  a  summary  of  the  Geology  of  Vermont,  by  Prof.  C  H.  Hitchcock,' 
published  in  connection  with  the  Geology  of  Northern  New  England, 
it  is  stated,  under  the  head  of  *'  Potsdam  Grou]),"  that  it  includes  (1) 
black  slate,  or  part  of  the  "  Hudson  River  slate"  of  the  former  report 
of  the  Vermont  Survey.  (2)  Georgia  slate.  (3)  Red  Sandrock  and 
quartz  rock  at  the  base  of  the  Green  Mountains.  (4)  Potsdam  sand- 
stone, the  same  as  the  original  beds  in  New  Yol'k. 

»  op.  cit.,  p.  229. 

*  On  thti  ffeoloiry  of  enfiterD  New  Enjcland.    Am.  Jotir.  Sci.,  2d  ser.,  vol.  SO,  1870,  p.  86. 
'TbeWioooski  marble  of  Cololieflter,  Verinoiit.    Am.  Aa^oc.  Proc.,  vol.  16,1867,  p.  119. 

*  The  Geology  of  Vermont.    Am.  Ansoc.  Proc,  vol.  16, 1807,  p.  122. 

*  Am.  AsAoc.  Proc,  vol.  16, 18U7,  pp.  128-134. 

*  Queries  uo  tlio  reil  sandstone  of  Vermont  and  its  reI.<itionn.    Boston  Soc.  Nat.  Hist.,  Proc,  toL 
11,1868,  pp.  »41-.'iS.l. 

'  The  geology  of  Veruiout.    In  Geology  of  nottliern  New  England,  4to,  1870,  p.  2. 
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The  Re<1  8anclro<*.k  is  doscribed  as  cxtcuding  from  St  Armand,  prov- 
inc50  of  Quebec,  to  iiridport,  Vermont. 

The  brightest  red  rocks  are  fonud  along  the  weatoru  border ;  so  th.it  while  the  alli- 
ance of  the  rod  rock  orHiirliiigton  and  the  quartzite  of  Bcnoingtoii  seems  incongrn- 
ons,  it  is  otherwiHO  with  the  reddish  rocks  of  Moukton  and  the  brown  qaartz  of 
Stark sboro'  and  UrisUdJ 

It  is  Mtated  that  the  uame  Georgia  was  applied  to  the  groap  of  slates 
carrying  Olenellus.  It  was  then  supposed  that  the  shites  were  entirely 
distinct  from  the  sandstones,  but  further  investig<ation  has  shown  an 
interstratiHcatioM,  with  the  presence  of  the  characteristic  trilobites 
throughout  the  beds. 

Of  the  ^^  Gr<iuuhir  Quartz  "  on  the  western  8loi>e  of  the  Green  Moan- 
tains  he  says: 

No  rock  can  bo  more  distinct  from  all  others  than  the  quartzite  from  the  State 
line  north  to  Stniksboro',  consisting  chiefly  of  pnre  vitreous  silica,  sometimes  hardly 
showing  a  scdintunfary  conipasition.  •  •  •  The  group  makes  a  mountain  range 
tliroughont,  R«>nie  of  the  peaks  exceeding  :i,OOU  feet  in  h(;ight.  *  •  *  An  abun- 
dance of  Scolilhua  lintariB  appt'ars  in  this  formation,  and  the  rock  was  referred  to  tho 
Ptitsdam  in  IH41  by  II.  D.  I.ogi  rn  and  W.  B.  Uogcrs,  in  opposition  to  E.  Emmons,  who 
Kubsequenlly  enlled  it  **  granular  quartz,"  lying  at  tho  base  of  the  Taconic  system, 
thousands  of  feet  below  the  former.* 

In  1871  Mr.  S.  W.  Ford*  published  an  account  of  a  section  of  rocks  at 
Troy,  New  York,  in  which  he  had  found  the  Olenellus  fsvuna.  In  1S8I, 
he  added^  a  description  of  a  section  near  Schodack  Landing,  south  of 
Troy,  in  Columbia  County,  New  York.  By  the  contained  fauna  the 
strata  were  correlated  with  those  described  by  Sir  William  Logan,  in 
Vermont,  Canada,  and  Newfoundhmd. 

Prof.  J.  D.  Dana,*  from  187li  to  1877  worked  out,  with  considerable 
detail,  the  stratigraphic  relations  of  the  "Granular  Quartz,'' of  Berk- 
shire County,  Massachusetts,  to  the  subjacent  Archean  and  the  super- 
jacent Silurian  limestone,  adding  many  details  to  the  general  outlines 
published  by  Messrs.  Eaton,  Dewey,  and  Emmons.  In  the  de.scription 
ot  the  quartzite,  limestone,  and  itssociated  rocks  of  Great  Barringt>on, 
r>ei-kshire  County,  Massachusetts,*  it  is  stated  that  the  quartzite  of  Great 
Barrington  aiteruates  with  mica  schist,  and  that  both  of  the  rocks  for 
the  most  part  overlie  the  Stockbridge  limestone.  Of  the  Green  Moun- 
Uiin  quartzite,  Prof.  Dana  says:  *  "  In  tlie  first  place  there  are  quartzites 
of  more  than  one  age  in  New  England,  west  of  the  Connecticut  Kiver."  A 

'Op.  cit.,  p. 3. 

*Nut««  on  the  PriroonlUl  rockn  in  tho  vicinity  of  Troy,  Now  York.  Am.  Jour.  ScL,  3d  8«r.,  toI.2, 
1871,  pp.  32-34.    Can.,  Nat.,  new  mt.,  tuI.  6, 1872,  pp.  2«.0-212. 

'On  Uie  ago  of  tho  gl:i£r<i  ami  contorted  Hlaty  rockx  in  tho  vicinity  of  Schodack  Landing,  Rens^olaei 
County,  New  York.     Am.  Jour.  Sci,  3*1  8or.,  vol.  28, 1884.  pp.  2U6-208. 

*Gr«en  Mounl:iin  K^olojiy.  On  tlio  quartsite.  Am.  Jour.  Sci.,  3d  aer.,  voL  3,  1872,  pp.  179-186,  250- 
250.  An  account  of  tht>  diAcox-erioa  In  Vi-rmoni  geo](»;;y  of  tlie  Rev.  AugUMtus  Win;;.  Aju.  Joar. 
Sci.,  3d  scr,  Vul.  13.  IR77.  pp.  332-347,  405-410;  vol.  14,  pp.  36-37,  1877. 

*0n  tho  qnarta,  liuic>tono  and  asjiooiated  rocks  of  the  vicinity  of  Great  Barrington,  Berkshire 
County,  Ma8!i.     Am.  Jour.  Sci.,  3d  sor.,  ¥014,  1872,  p.  362. 

*Grecn  HoantAin  geoloj^y.    On  the  qaartaite.    Am.  Jour.  Sci.,  8d  ser.,  toL  3,  1872.  p.  18L 
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Uelderberg  quartzite  exists  at  BernardstOD,  Massachusetts,  and  another 
qaartzite  of  ditfercnt  age,  about  3  miles  west  of  Plymouth,  Vermont, 
is  interstratilied  with  gneiss;  and  then  there  is  the  great  quartzite  of 
the  Green  Moujitain  range,  whose  relation  to  the  quartzites  interbedded 
in  the  gneiss  is  unascertained.  "  We  can  not  assume,  therefore,  that 
this  last  is  all  of  one  geological  age."  After  examining  the  quartzite  of 
Canaan,  Connecticut,  he  was  led  to  the  conclusion  from  the  facts  observed 
that  the  quartzite  is  the  inferior  rock,  and  rests  unconformably  beneath 
the  limestone.^ 

When  briefly  presenting  some  conclusions  concerning  the  stratigraph- 
ical  structure  of  the  Cambrian  of  western  Vermont,  Prof.  C.  H.  Hitch- 
cock' states  thnt  Dr.  Emmons  believed  the  rocks  were  deposited  against 
the  western  base  of  the  Oreen  Mountains,  in  order  of,  first,  the  Granu- 
lar Quartz,  then  the  Stockbridge  limestone,  and  lastly  the  various  slates 
which  were  capped  by  the  black  slates  holding  Oienellus.  The  report 
says  further: 

Prof.  Hitchcock  suggested  as  a  better  theory  ofstructare,  that  sediments  were  formed 
cotifeniiioiaueoiisl^',  both  upon  the  Green  Mouutatas  and  the  Adirondack  side  of  tlie 
valle}',  thns  making  the  granular  quartz  on  the  east  side  of  the  vnlley  of  the  same 
age  with  the  Potsdam  sandstone  at  Whitehall,  N.  Y.,  and  elsewhere  west  of  Lake 
Champlain.  Next,  the  Calciferons  sandstone,  Levis,  Chazy,  and  Trenton  HniBtoimi<, 
weroilopo9it<ed  entirely  across  the  valley  and  by  means  of  tlioir  fossils  are  now  iden- 
titled  aitjaccut  to  both  the  quartz  rock  and  the  typical  Potsdam  sandstone.  Thirdly, 
the  limestones  are  succeeded  by  slates.  This  theory  of  original  deposition  ditiern  from 
that  of  Emmons,  in  supposing  that  sedimentation  was  being  eftected  both  on  the 
Qreen  Mountain  and  Adirondack  borders,  instead  of  on  the  former  only.' 

In  summing  up  the  account  of  the  discoveries  of  Eev.  Augustus  Wing 
in  Vermont  geology^  Prof.  Dana  says :  * 

The  Red  sandrock  on  the  west  of  the  Eolian  limestone^admitted  to  be  Potsdam  or 
Primordial  in  age— and  the  Quartzyte  on  the  east  which  often  rises  into  mountain 
ridges,  are  of  the  same  formation,  and  come  nearly  or  quite  together  in  Monktou,  on 
the  northern  limits  of  the  limestone  area  (p.  414). 

The  quartzyte  of  the  eastern  range,  with  that  also  of  the  local  belts  in  the  Eoliau 
limestone  area,  is  regarded  as  Potsdam  (or  Primordial)  in  age,  because  it  contains  in 
many  places  5co/tt/it  (worm -burro WB)hand  Fucoida  like  those  found  in  the  Potsdam 
uattdtttone;  because  also  it  adjoins  Calciferons  limestone  beds  at  the  localities  just 
mentioned  in  North  Middlebury  and  New  Haven;  and  because  it  joins  the  Red  sand- 
rock  in  Monktou,  and  one  rock  has  in  many  places  the  character  of  the  other,  although 
not  commonly  alike  in  color,  and  showing  differences  explainable  on  the  ground  of 
the  greater  metamorphism  of  the  quartzyte.  "  In  Monkton,  the  Red  sandrock  and 
the  Quartzyte  meet  in  a  succession  of  short  anticlinals,  thus  cutting  off  to  the  north 
the  great  trough  or  synclinal ;"  and  '*  the  Red  sandrock  absolutely  overlies  the  beds  of 
Red  sandrock  in  one  anticlinal  and  the  quartzyte  in  another  anticlinal,  and  both  hold 
SeoWhus  Ztneam."  * 

*Op.Glt.,  p.  I8<{. 

'Kemarka  on  tbe  stratlgraphical  structure  of  the  Cambrian  aad  Cambro-Silarian  rooka  of  western 
Yermont,    Boston  Soc.  NaL  Hist,  Proc.,  vol.  18, 1875,  p.  101. 

*Op.ciL.p.lOt. 

*  An  account  of  the  discoTeries  in  Yeraiont  geolo^  of  tbe  Rev.  Aufiistus  Wing.  Am.  Jour.  Sol.,  8d 
ier..  vol.  13, 1877,  p.  414-416;  voL  14,  pp.  36-37. 

•Op.cit.p^416L 
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Di\  T.  S.  Hunt,  in  1878,*  gives  an  historical  review  of  tbe  rocks  re- 
ferred to  the  Cauibrian  and  Taconic  systems  and  in  this  ymy  speaks  of 
tlie  ''  Upper  Taconic'^  and  refers  it  to  the  Cambrian,  and  the  "Granu- 
lar Quartz"  to  an  Archean  system.  Again,  in  188.'5,-'84,-'8G,  he  went 
over  the  same  ground,'  but  did  not  add  any  original  information  upon 
the  subject.  He  adopted  the  view  of  Prof.  Eaton  so  well  expressed  in 
the  section  of  1824,  and  brought  down  to  1886  the  erroneous  view  of  the 
nnconformity  between  the  Calciferons  ssindrock  and  the  Argillite.  To 
the  strata  which  Dr.  Emmons  included  in  the  Taconic  system,  in  1842, 
he  gave  the  name  Taconian,  referring  them  to  a  pre-Oambrian,  Archean, 
group  of  rocks. 

In  a  ])aper  upon  the  colonies  in  the  Taconic  rocks  of  the  borders  oi 
Lake  Chumplain,^  Prof.  Jules  Marcou  gives  a  r^sum^  of  bis  investiga- 
tions in  northern  Vermont  up  to  date.  In  the  vertical  section  accom- 
panying the  geological  m:ip,  the  Potsdam  sandstone  is  placed  at  the 
summit  of  the  upper  Taconic  series,  and  then  in  order  below,  the  Swan- 
ton  schists,  Phillipsburg  group,  Georgia  schists,  and  the  St.  Albans 
group.  On  sections  in  the  text  the  Potsdam  sandstone  is  represented 
as  unconformably  superjacent  to  the  Georgia  slates,  the  Phillipsbnrg 
group,  and  the  Swauton  schists,  and  the  St.  Albans  group.  A  general 
description  is  given  of  the  formations  as  interpreted  by  Prof.  Marcou. 
As  now  known  the  Potsdam  sandstone  as  identified  by  him,  is  the  Ked 
sandrock  of  the  Vermont  geologists,  or  the  arenaceous  magnesian  lime- 
stone of  Logan.  Its  strati  graphical  ]>osition  is  at  the  base  of  the  series 
described,  or  at  the  base  of  the  Lower  Cambrian  as  now  understood. 

A  series  of  geological  sections  across  Vermont  and  !New  Hampshire 
by  Prof.  C.  H.  Hitchcock*  have  tbe  lied  Sandrock  series  marked  as 
Potsdam  and  the  Georgia  slate  series  as  Cambrian.  The  Granular 
Quartz  of  the  southern  portion  of  Vermont  is  all  marked  Potsdam.  lu 
the  text'  Prof.  Hitchcock  says : 

Three  bauds  of  sandstone  therefore  are  referred  to  the  Potsdam  in  the  Champhiin 
valley :  first,  the  normal  gray  Redinieiitary  beds  at  the  foot  of  the  Adiroudacks, 
always  known  nnder  this  name  since  1840 ;  second,  the  qnartzito  on  the  flank  of  the 
Green  Mountains;  third,  a  range  of  red  sandstone  and  dolomite  from  the  Canada 
line  i-o  Bridport,  where  it  is  succeeded  by  ontcrops  of  a  material  not  distinguish- 
able from  the  (irst  named  baud.  Partly  uecumpauying  the  middle  baud  is  a  series  of 
slates  and  hard  sandntoneR,  passing  into  rooiing  slates  cat  led  .the  Georgia  group  in 
the  State  report,  which  cariies  such  fossils  as  Olenellns  and  Angelina,  and  is,  there- 
fore, thought  to  be  somewhat  older  than  the  typical  Potsdam  sandstone. 

In  the  same  publication  Prof.  li.  P.  Whittield®  states  it  to  be  his 

>  Special  report  on  the  trap  dikes  and  azoic  rocks  of  southern  Pennsylvania.  2d  Geol.  Sutx.  Pa.,  E., 
1878,  p.  253. 

'The  Taconic  question  in  geolojsy.  Mineral  Physiology  and  Physiography.  A  second  aeries  of 
chemical  and  guolotsical  essays,  with  a  general  introduction.    1886,  pp.  517-686. 

'Sur  les  colonies  dans  les  rnclies  taconiques  des  bords  du  lac  Chauiplain.  Soc.  g6o].  France,  Bull., 
3»*  86r,  vol.  9.  nSO,  pp.  18-46. 

*  Goologi<;al  sections  across  Vermont  and  New  Hampshire.  Am.  Mua.  Nat.  Hist,  Boll.,  toL  1, 1884, 
pp.  155-179. 

60p.cit.,p.  ICO. 

*  Notice  (if  Muine  nevr  species  of  Primordial  fossils  in  the  collections  of  the  Mnsenm,  and  oorrectiona 
of  preriously  deaoribed  apeciea.    Aju.  Mua.  Nat.  Hist.,  Bull.,  toL  1, 1884, ]».  140. 
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impression  that  the  New  York  typical  Potsdapi  is  aboat  equivalent  to 
the  lower  ])ortion  of  the  Wisconsin  series;  and  that  the  Acadian  beds 
of  Canada  and  Vermont,  and  perliaps  the  other  Atlantic  areas,  are  not 
appreciably  dilfereut  in  age;  but  the  difference  in  faunas  is  more  the 
result  of  conditions  npon  which  life  depended  than  a  difference  in  time. 
This  generalization  of  Prof.  Whitfield  placed  the  ''Granular  Quartz,^ 
^^Ked  sandrock  ^  or  dolomite,  Georgia  slate  and  the  Potsdam  sandstone 
of  New  York  and  the  Upper  Mississippi  Valley  in  one  geologic  horizon, 
the  equivalent  of  the  lower  beds  of  the  Mississippi  Valley  section. 

In  1888  Prof.  N.  H.  Winchell  *  correlated  the  *«  Granular  Quartz  "  of 
Emmons's  Taconic  system  .with  the  Potsdam  sandstone,  and  mentions 
its  w^estward  extension  in  the  Mississippi  Valley.  In  another  paper^  ho 
says  that  the  stratigraphical  relations  of  the  ''Granular  Quartz"  and 
the  Potsdam  of  New  York  are  the  same ;  that  the  fossils  are  cognate 
with  tlio.se  of  the  Red  Sandrock  and  with  those  tliat  have  been  found 
in  the  Potsdam ;  that  the  Red  sandrock  overlies  the  Georgia  uncon- 
formably,  and  that  the  stratigraphic  relations  of  the  Granular  Quartz 
and  the  Potsdam  sandstone  to  the  granite  are  the  same  as  those  of  a 
Primordial  quartzite  of  the  northwest  to  the  granite.^ 

In  snmming  up  the  opinions  of  the  geological  position  of  the  quartzite 
on  the  eastern  border  of  the  limestone,  and  between  the  limestone  and 
the  Archean,  Prof.  J.  D.  Dana^  says  that  he  pointed  out  in  1872  that 
the  quartzite  formation  in  southeastern  Dutchess  County  lay  between  the 
limestone  and  the  a(\joining  Archean,  and  the  same  also  occurs  in  other 
localities;  that  he  inferred  from  the  position  and  apparent  confornia* 
bility  that  its  age  was  Potsdam  or  that  of  the  lowest  beds  of  the  Lower 
Silurian  of  the  region ;  also,  that  there  is  a  quartzite  west  of  the  border  of 
the  limestone  that  overlies  the  limestone  conformably,  and  is  an  inde- 
l>endent  formation  and  newer  than  the  limestone.  In  his  stratigraphic 
conclusions  at  a  later  date^  the  Cambrian  quartzitesare  su[>posed  to  be 
thase  immediately  adjacent  to  the  Archean  gneiss  and  equivalent  to 
the  Potsdam  sandstone,  while  those  that  occurred  at  a  horizon  above 
the  limestone  are  supposed  to  belong  to  the  Hudson  period. 

In  a  paper  on  "  The  Taconic  System  and  its  position  in  stratigraphic 
geology"  Prof.  Jules  Marcou^  tiibulates  the  strata  referred  to  the  Taconic 
system  in  easteru  North  America.  In  this,  the  Saratoga  limestone, 
with  Dikellocephalus  is  the  summit  of  the  series,  above  the  Red  sand- 
rock of  Vermont  and  the  Potsdam  sandstone  of  Keeseville,  New  York. 

>  A  f;reat  Primohlial  Qnartzito.    Am.  Gcol.,  vol.  1, 1888,  pp.  173-178. 

'The  crjAtallino  rockM  of  Minuesota.  General  report  of  progress  made  in  tlioatudy  of  their  fleM 
r*9l»tioii8.  Statemi'iit  of  probleius  yet  to  be  solved.  GeoL  aud  Nat  Hist.,  Survey  of  Miun.,  17th  Auu. 
Rep.  for  1P88,  1889.  pp.  5-74. 

•Op.  cit,  pp.  49,50. 

^On  Taconic  rocks  and  stratigraphy,  with  a  geological  map  of  the  Taoonic  region.  Am.  Joar. 
8ci.,  3d  sor.,  vol.  20, 1885.  p.  209. 

*On  Taconic  rocks  and  stratigraphy,  with  a  geological  map  of  the  Taconic  regions.  Part  %,  Tb^ 
middle  and  northern  part.    Am.  Jour.  Sci.,  3d  ser.,  voL  33, 1887,  pp.  iOd-409, 

•Am.  Acad.,  Proc.,  vol.  20,  1885,  p.  294. 
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In  order,  below,  comes  the  Swanton  slates,  and  the  Phillipsburgh  or 
Point  Levis  group,  subjacent  to  which  arc  the  Georgia  slates  (or  Olc- 
nelluR  zone).  The  Paradoxides  zone,  the  Upper  Cambrian  or  Eophyton 
snndstonc  of  Great  Bell  Island,  Newfoundland,  and  the  AspidoUa  and 
Arenicolites  slates  of  St.  John's,  Newfoundland,  are  assembled  under 
the  name  ^'St.  Albans  group." 

In  this  table,  under  the  upi>er  formations  or  ^<  Potsdam  group,"  there 
are  brought  together  the  summit  of  the  Cambrian  (the  Saratoga  lime- 
stone) and  the  base  of  the  Cambrian  (the  Red  sandrock  of  Vermont), 
as  well  as  the  Keeseville  sandstone,  which  is  the  lower  portion  of  the 
Upper  Cambrian.  In  the  "  Swanton  slates  "  (Trenton-Hudson  terrane) 
and  in  the  *'  Phillipsburg  or  Point  Levis  group,"  we  have  the  Calcif- 
erous-Chazy  zone.  The  Eophyton  sandstone  placed  beneath  the  Georgia 
slates  and  the  Paradoxides  beds  is  the  equivalent  of  the  Saratoga  lime- 
stone plared  at  the  summit  of  the  series.  The  Aspidella  and  Arenicol- 
ites  slates  of  St.  John,  Newfoundland,  are  of  pre-Cambrian  age.  Thus 
the  lower  or  **  St.  Albans  group"  includes  pre-Cambrian,  Upper  Cam- 
brian, and  Paradoxides  zone  strata. 

In  an  article  on  the  Winooski  or  Wakefield  marble  of  Yermout,  Prof. 
G.  H.  Perkins*  described  several  sections  of  the  strata  containing  the 
quarries  worked  for  marble,  one  of  which  has  a  thickness  of  l,4L0feet, 
another  790,  and  another  710  feet.  He  found  Saltcrella  pulchellaiu  the 
marble  beds  and  considered  the  series  to  be  of  Primordial  age. 

When  describing  a  section  in  the  Cambrian  formation  of  western 
Vermont  in  the  town  of  Georgia,  Franklin  County,  Mr.  C.  D.  Walcott' 
stated  that  the  section  consisted  of  a  massive  belt  of  limestone  1,000 
feet  in  thickness  subjacent  to  a  series  of  argillaceous  shales,  at  the  base 
of  which  the  Olenellus  fauna  occurred.  He  also  stated  that  this  section 
includes  in  its  vertical  range  the  sections  above  and  below  Troy,  N.  Y., 
in  the  Hudson  lii  ver  Valley,  and  those  of  Newfoundland  and  the  Straits 
of  Belle  Isle.  This  was  followed  in  the  same  year^  by  a  detailed  de- 
scription of  the  Georgia  section,  and  another  section  taken  near  the 
Canadian  and  United  States  boundary  in  the  township  of  Higbgate. 
At  this  latter  locality  the  Ued  sandrock  series  has  a  thickness  of  1,170 
feet;  the  Georgia  slates  a  thickness  of  1,000  feet.  A  list  of  the  fossils 
occurring  in  the  strata  is  given  in  the  tabulated  section.  Following 
the  nomenclature  proposed  by  Sir  William  Logan,  the  Hed  sandrock 
series  and  the  Georgia  slates  are  referred  to  the  Middle  Cambrian  sub- 
jacent to  the  Potsdam  sandstone  of  the  Adirondacks,  and  above  the 
Ptiradoxidt's  slates  of  New  Brunswick.*  In  the  same  year  he  deter- 
mined by  paleontological  evidence  that  the  roofing  slates  of  Granville, 

I  Am.  Naturalist,  vol.  19, 1805,  pp.  128-136. 

*  Classiflcat  ion  of  the  Cambrian  System  of  North  America. ,  Am.  Jonr.  Sol.,  3d  ser.,  vol.  32, 1888,  p.  liS. 
'Second  contribution  to  the  stadies  of  the  .Cambrian  faunas  of  North  America.    17.  S.  Geol.  Surrey 
Bull.  No.  30, 1880,  pp.  13-20. 
«0p.0it,  pp.  63.64. 
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Washington  Ooanty,  Now  York,  which  inclades  green  and  purple  slates, 
were  of  the  same  geologic  age  as  the  Georgia  slate.' 

The  extension  of  the  ^^  Gninular  Quartz"  of  the  eastern  part  of  New 
York  into  Dutchess  County  was  described  by  Dr.  W.  W.  Mather'  as  it 
occnired  about  Stissing  Mountain.  He  refers  to  it  as  the  *' Granular 
Quartz"  and  Potsdam  sandstone.  Within  a  few  years  Prof.  John  G. 
Smock  ^  examined  the  geological  structure  of  the  mountain,  stating 
that  the  quartzite  was  uuconformably  superjacent  to  the  Archean 
locks;  and  that  no  fossils  had  been  found  in  it.  In  the  description  of 
the  Primordial  rocks  of  the  Wappinger  Valley,  by  Prof.  W.  B.  D wight,* 
mention  is  made  of  the  quartzite  about  Stissing  Mountain,  as  well  as 
the  discovery  by  himself  and  Mr.  O.  D.  Walcott  of  Middle*  Cambrian 
remains  in  the  arenaceous  quartzite  and  limestones  on  the  flanks  of  the 
mountain.  It  is  thus  correlated  with  the  Olenellus  beds  of  the  Georgia 
series  of  Vermont. 

At  the  Ann  Arbor  meeting  of  the  American  Association  for  the 
Advancement  of  Science,  held  in  August,  1885,  Prof.  Dwight^  an- 
nounced the  discovery  of  fossiliferous  Potsdam  strata  at  Poughkeepsie, 
New  York.    He  says^ : 

LiihologiciUy,  the  rock  is  here  very  variable.  It  is  everywhere  caloareouH,  all  its 
varieties  effervescing  freely  with  acids.  It  is  also  everywhere  more  or  less  arena- 
ceous, often  conspicuously  so  ;  from  being  compact  and  massive  it  changes  to  a  rook 
liivsile  into  thin  slabs  or  to  one  splitting  into  the  thinnest  leaves,  which  are  cuvcrctl 
with  looi'e  Hand  as  they  decompo^ie. 

This  rock  passes  on  the  one  hand  into  a  smooth  fine-grained,  argillaceous  limestone, 
and  then  iulo  a  very  fissile  calcareous  shale  or,  on  the  other  hand,  into  a  quartzite, 
somewhat  calcareous. 

An  accocHit  of  the  localities  at  which  the  rock  occurs  and  a  list  of 
eleven  species  of  fossils  are  given.  This  paper  was  published  more  in  de- 
tail in  the  number  of  the  American  Journal  of  Science  for  February, 
1886,  and  was  accompanied  by  a  map  on  which  the  geographic  distribu- 
tion of  the  Potsdam  and  related  strata    are  shown.^ 

Prof.  Dwight^  announced  in  1880  the  discovery  of  fossiliferous  strata 

'  Walcott,  CD.  CAoibrian  age  of  tlio  roofiog  slates  of  Granvillo,  Wadhington  County, New  York. 
Am.  Assoc, Pfoc., tuI. 35, 1887,  pp.  220,  221.     (AilvaDCo  sheets  published  1886.) 

'Katural  Hist  of  New  York.  Part  1.  Geology  of  New  York ;  Geology  of  the  first  (southeastern) 
dUtrict.    Albany.  1843,  pp.  418^  423, 436. 437. 

'A  geological  reconnoissancc  in  the  crystalline  rock  region,  Dutchess,  Putnam,  and  Westchoster 
Conntfcs,  New  York.    Thirty-ninth  Ann.  Rep.  State  Miis.  Nat  Hist,  1886.  pp.  166-185. 

*  Primordial  rooks  of  tbo  Wappinger  Valley  limestones  and  associated  strata.  Vassar  Brothers 
lost.  Trans  ,  vol.  4.  1887,  pp.  206-214.  Discovery  of  additioual  fossilirorous  Potsdam  strata  and  pre- 
Potadam  strata  of  the  Olenellns  group  near  Poughkeepsie,  N.  Y  Am.  Jour.  Set,  3d  ser.,  vol.  34, 1887, 
pp.  27-32. 

*  Now  classed  as  Lower  Cambrian. 

*Diflcover>'of  fossillforoua  Potsdam  strata  at  Ponghkeepaio,  N.  Y.,Am.  Asaoo.,PTOc.,yol34, 1886, 
pp.  201-209. 

'Op.dt,p.20S. 

'Beoent  explorations  in  the  Wappinger  Valley  limestone  of  Dutchess  County,  N.  Y.,  No.5.  Dia- 
oovery  of  fossiliferous  Potsdam  strata  at  Poughkeepsie,  N.  Y.  (illustrated  by  map,  Plate  vi).  Am. 
Jour.  Sci.,  3d  ser.,  vol.  31,  1886,  pp.  125-133.  Primordial  rooks  of  the  Wappinger  Valley  limeatonea 
Va»t»sr  Drothcrrf*  lust  Tiaiis.,  vol.  4. 1887,  pp.  130-141,  Plato  1. 

'  iCecont  c.\p1i>ratious  in  the  Wappioger  Valloy  iiraustonos  and  other  formations  of  Dutchess  County^ 
V.  Y.    Am.  jQur,  ^.,  94  aer.,  voL  38, 1880,  pp.  1 3»-l&3. 
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of  the  Paracloxides  zone  at  Sti^siug;,  Dutchess  County.  In  the  limo- 
stoue  and  calcareous  shale  immediately  overlying  the  Olenellns  lime- 
stone, at  the  south  end  of  Stissing  Mountain,  he  discovered  a  fauna 
that  is  correlated  with  the  Middle  Cambrian  or  Paradoxides  fauna, 
thus  establishing  the  middle  member  of  the  Cambrian  system  in  addi- 
tion to  the  Lower  Cambrian  and  Upper  Cambrian  that  had  been  pre- 
viously found  in  this  region.  A  plate  illustrating  the  fauna  accom- 
panies the  paper. 

In  1887  Mr.  C.  D.  Walcott*  published  a  description  of  the  fauna  of 
the  Upper  Tsuionic  of  Emmons,  of  Washington  County,  New  York.  In 
this  a  st'itement  of  the  stratigraphic  position  of  the  fauna  was  made, 
based  on  the  correlation  with  tlie  fauna  of  the  Georgia  slates  of  Ver- 
mont. This  was  followed  in  1888  by  an  account  of  the  discovery  of 
fossils  in  the  Granular  Quartz  near  Bennington,  Vermont.*  The  discovery 
WIS  further  described  in  a  paper  which  followed  on  the  Taconic  system 
of  Emmons,^  where  an  account  is  given  of  the  mode  of  occurrence  of 
thr  ^'Granular  Quartz"  in  western  Massachusetts  and  Vermont.  The 
qiiartzile  is  referred  to  the  Middle  (now  Lower)  Cambrian  zone,  of  which 
the  Olenellns  bearing  slujes  of  the  Georgia  section  are  the  type.  A 
<lescription  is  given^  of  the  slates  and  shales,  and  it  is  stated  the  forma- 
tions of  the  Upper  Tiiconic  have  a  thickness  of  14,000  feet.  In  these 
the  Olenellns  fauna  oircurs  more  or  less  abundantly  at  various  horizons. 
An  examination  of  the  sectionsand  the  fauna  of  the  '^  Granular  Quartz" 
and  "Taconic"  shales  and  slatCvS,  shows  thatthe  former  is  stratigraphically 
and  faunally  the  equivalent  of  the  upper  part  of  the  latter;  while  the 
'^  Granular  Quartz  "  is  a  sandy  deposit  of  the  shore  line,  and  the  shales  and 
slates  the  oii'shore  accumuliition  of  sediments.  On  the  |nap  a<^com- 
panying  this  paper  the  geographicdistributionof  the  ''Granular  Quartz," 
the  '^Ited  sandrock"  of  Vermont,  and  the  Georgia  slates  and  their  south- 
wanl  extension  as  the  Tiiconic  slates  is  represented. 

In  a  tabular  view  of  the  American  Classitication  and  Nomenclature, 
published  in  1888,  by  Prof.  Jules  Marcou,^  the  Taconic  system  is  divided 
into  upper,  middle,  and  lower  divisions.  In  the  upper  division  the 
Potsdam  sandstone,  Swanton  slates,  Phillipsburg  and  Point  Levis  for- 
mations are  included.  The  middle  division  includes  the  Georgia  for- 
mation and  the  St.  John  or  Paradoxides  zone,  of  New  Brunswick,  of 
Braintree,  Massachusetts,  and  of  St.  Mary's  Bay,  Newfoundland.  In 
the  lower  division  are  the  Chuar  and  Grand  Caiion  formations  of  the 
Grand  Canon,  Arizona,  the  sandstones  of  Great  Bell  Island,  and  the 
slates  of  St.  John's,  Newfoundland.    The  confusion  in  this  table  is  not 

■  Fauna  of  the  "Upper  Taconio"  of  Etniuons,  in  Washingtou  Coanty,  New  York.  Am.  Jour.  Sol.,  3d 
eer.,  vol.  34, 1887,  pp.  187-199. 

>  Dit»cuvory  of  fossilii  in  the  Lower  Taconic  of  Emiuons.    Am.  Assoc,  Proo.,  vol.  30, 1888,  pp.  212, 213. 

*Tlie  Taoonio  System  of  Emmons  and  the  nae  of  the  name  Tacouio  in  Kooiogio  nomencla(i:M:«.  ^m, 
^OQT.  Scl.,  3d  aerioa,  vol.  36, 1888,  pp.  22ft-242, 307-327, 394-401. 

«Op.clt,pp.241,242. 

9  ^erican  Oeologicai  Claasification  and  Komviioli^t^ret    Qanbrld^  1888^  p.  79^ 
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as  great  as  that  of  the  1885  paper.  The  Swanton  slates,  of  Hudson 
age,  and  the  Phillipsburgh  and  Point  Levis  formation  of  Calciferous 
age,  are  placed  with  the  Potsdam  sandstone ;  while  in  the  Lower  Ta- 
conic  we  find  the  sandstones  of  Great  Bell  Island,  which  are  the  geo- 
logic equivalent  of  the  Potsdam  sandstone. 

During  the  summer  of  1888  Mr.  O.  D.Walcott  yisited  Newfoundland 
and  studied^  a  section  on  Manuel's  Brook,  Conception  Bay,  that  extends 
from  the  Archean  gneiss  up  to  the  Olenellus  and  Paradoxidea  zones. 
In  this  unbroken  section  it  was  found  that  the  Olenellus  fauna  occurred 
at  the  base  and  the  Paradoxides  fauna  above.  This  necessitated  a 
revision  of  the  classification  of  the  Oambrian.  The  Lower  Cambrian 
with  the  Olenellus  fauna  is  at  the  base;  next  the  Middle  Cambrian 
with  the  Paradoxides  fauna,  and  lastly  the  Upper  Cambrian  or  Potsdam 
zone,  at  the  summit  of  which  the  Dikellocephalus  fauna  occurs.  This 
correlation  places  the  ^'  Bed  Sandrock  "  series,  the  Georgia  shale,  and 
slate  series,  the  '^  Granular  Quartz,"  and  the  '^  Upper  Taconic  "  of  Em- 
mons beneath  the  Middle  Cambrian  or  Paradoxides  zone  of  the  Atlantic 
coast. 

In  a  paper  on  the  fauna  of  the  Olenellus  zone'  a  brief  historical  re- 
.view  is  given  of  the  rocks  referred  to  the  Olenellus  zone  in  Vermont 
and  eastern  New  York,  and  also  an  account  of  the  sections  and  the  dis- 
tribution of  the  fauna. 

In  a  paper  read  before  the  Geological  Society  of  America,  December 
30,  1890,  Dr.  J.  B.  Wolff  noted  the  discovery  of  fossils  of  supposed 
Lower  Cambrian  age  in  the  limestones  of  the  East  Butland  Valley,  Ver- 
mont. The  limestones  rest  conformably  upon  the  basal  quartzite  car- 
rying the  Olenellus  fauna.^ 

Potsdam  sandstone, — The  Potsdam  sandstone  of  the  Adirondack  area 
appears  only  in  a  few  small  outcrops  in  Vermont  and  eastern  New  York. 
According  to  Prof.  C.  H.  Hitchcock,  there  are  three  different  localities 
in  Vermont:^  near  the  Lake  Champlain  shore  in  West  Haven,  Orwell, 
and  the  east  part  of  Shoreham,  in  the  counties  of  Addison  and  Eutland. 
There  were  none  of  these  of  sufficient  importance  to  be  indicated  on  the 
map  of  1877.  The  outcrops  in  eastern  New  York  are  practically  a  con- 
tinuation of  the  Vermont  exposures.  They  occur  in  the  vicinity  of 
Whitehall,  New  York,  and  south  to  Fort  Ann,  Washington  County. 

In  the  review  of  the  references  made  to  the  ''  Red  Sandrock  ''  series 
of  Vermont,  frequent  mention  has  been  made  of  its  correlation  with  the 
Potsdam  sandstone  as  well  as  of  the  correlation  of  the  ^<  Granular 
Quartz"  with  the  Potsdam  sandstone  of  the  Adirondack  area.  As  now 
known,  these  two  belong  to  distinct  geological  horizons,  as  claimed,  by 

*  The  atratlgrmphical  suooeMioii  of  the  Cftrabriao  feianaa  of  North  America.    Nataro,  voL  38, 1888,  p. 
651. 

*  Wal6ott»  C.  D.  ^he  fkima  of  the  Lower  Cambrian  or  Olenellas  sone.    10th  Ann.  Rop.  D.  S.  Geolog- 
ical Sarvey,  1890,  pp.  509-703. 

*  BoU.  Geol.  Soo.  America,  toL  2, 1891,  pp.  334-337. 

^Hypoftoio  and  Paleoxoic  rooka.  Keport  on  the  geology  of  yermont^  voi  1, 1861,  p.  S6& 

Ball. 
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Dr.  EmmoDS  in  1842.  As  the  typical  Potsdam  Randstone  in  this  dis- 
trict is  an  extension  of  the  sandstone  of  the  Adirondack  sub-area  within 
its  borders,  the  review  of  its  literature  will  be  united  with  that  of  the 
typical  Potsdam  of  the  Adirondack  district. 

The  occurrence  of  the  Upper  Gambricin  or  Potsdam  zone  as  distinct 
from  the  Georgia  slate  and  '*  Red  Sandrock,''  is  spoken  of  in  the  de- 
scription of  the  section  crossing  the  town  of  Georgia,  Vermont,^  where 
mention  is  made  of  the  discovery  of  a  fauna  closely  related  to  that  of 
the  Upper  Cambrian.  This  is  the  same  horizon  referred  to  on  page  ,17, 
par.  14. 

In  a  description  of  a  section  crossing  the  typical  Taconic  area  of 
eastern  New  York  and  western  Massachusetts  by  Mr.  C.  D.  Walcott,* 
the  typical  Potsdam  sandstone  is  not  recognized.  It  is  stated  that  cer- 
tain shales  designated  as  Terrane  No.  3,  may  represent  the  Potsdam 
terrane,  or  it  may  be  rex^resented  by  the  lower  part  of  the  limestones 
of  Terrane  No.  3,  or  the  upper  part  of  the  Quartzite  of  Terrane  No.  1. 

CANADIAN  EXTENSION. 

The  Canadian  extension  of  the  Northern  Appalachian  District  is  from 
the  United  States  boundary  northeast  to-  the  vicinity  of  Point  Levis, 
Quebec,  on  the  western  side  of  the  extension  of  the  Green  Mountain  or 
Sutton  Mountain  anticlinal,  and  fron)  Quebec  down  the  south  shore  of 
the  St.  Lawrence  River  to  Cape  Rosier,  Gasp6.  On  the  eastern  side  of 
the  anticlinal  the  supposed  Cambrian  rocks  of  New  Hampshire,  cross- 
ing the  southeastern  portion  of  the  province  of  Quebec,  to  the  Maine 
boundary,  are  also  included. 

The  first  notice  of  the  rocks,  subsequently  referred  to  the  Cambrian 
in  the  vicinity  of  Quebec,  was  by  Dr.  J.  J.  Bigsby.^  He  divided  the 
strata  into  three  series.  First,  the  slaty  series,  composed  of  slates  and 
granwacke,  occasionally  passing  into  a  brown  limestone,  and  alternat- 
ing with  calcareous  conglomerate  in  beds,  some  of  which  are  charged 
with  fossils;  second,  the  limestone  series;  third,  gneiss.  In  the  beds 
of  this  conglomerate  on  the  south  side  of  the  St.  Lawrence  he  noticed 
the  presence  of  trilobites,  encrinites,  corallines,  and  other  fossils.  He 
considered  them  above  the  supposed  equivalent  of  the  Carboniferous 
limestone  of  the  English  geologists. 

In  his  description  of  the  succession  of  the  strata  at  Montmorenci 
Falls,  Dr.  E.  Emmons  states  that  the  rock  forming  the  falls  is  a  gneiss, 
and  in  the  figure  illustrating  the  section  the  Potsdam  sandstone  is  shown 
resting  unconformably  upon  the  gneiss  and  subjacent  to  the  Trenton 
limestone,  but  with  a  conglomerate  between  it  and  the  Trenton  lime- 
stone/   He  subsequently  correlated  the  sandstones  that  are  extensively 

>  Walcott,  C.  D.  Second  oont  ribution  to  the  atudiea  of  the  Cambrian  faunas  of  North  America.  U.  S. 
Geol.  Sarve3^  Boll.  No.  30, 1886,  p.  19. 

*The  Taconio  System  of  Emiuons  and  the  use  of  the  name  Taconic  in  Geologic  nomenclature.  Am. 
Joar.  Sol..  3d  ser.,  vol.  35, 1888,  p.  240. 

*0n  the  geology  of  Quebec  and  vicinity.    Proc  Geol.  Soc,  London,  vol.  1,  1827,  p.  37, 

*  Geology  of  the  MontmorenoL    The  American  Magazine,  vol.  1, 1841,  p.  148. 
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ased  in  the  constructiou  of  buildings,  both  public  and  private,  and  in 
the  fortifications  of  Quebec,  with  the  gray  sandstone  terminating  the 
Lorraine  section  of  Jefferson  Gounty,  New  York.^  These  sandstones 
were  subsequently  named  the  Sillery  sandstones  by  Sir  W.  E.  Logan, 
who  at  first  followed  the  correlation  made  by  Dr.  Emmons,  and  referred 
them  to  the  Lorraine  shales  or  Hudson  Eiver  group. 

In  the  report  of  progress  for  1843,  of  the  Geological  Survey  of  Canada,* 
an  account  is  given  in  a  very  general  manner  of  an  exploration  by  Sir 
W.  E.  Logan  of  the  rocks  on  the  south  shore  of  the  lower  St.  Lawrence, 
near  Cape  Rosier ;  and  they  are  further  described  in  the  report  for 
1844,  as  seen  from  Cape  Chat  toward  Cape  Hosier,  going  down  the  river. 
This  is  followed  in  the  report  for  1847-'48^  by  a  description  of  the  rocks 
of  the  extension  of  the  Green  Mountains  into  Canada,  and  the  strata 
ni>on  the  west  which  are  now  supposed  to  be  of  Cambrian  age.  They 
were  then  referred  to  the  Hudson  Biver  group,  with  the  possible  addi- 
tion of  the  Shawangunk  conglomerate.  In  their  extension  it  is  stated^ 
that  these  recognized  rocks  of  the  Hudson  Biver  group  have  a  con- 
tinuous run  from  Lake  Champlain  along  the  south  bank  of  the  St. 
Lawrence  to  Cape  Bosier. 

In  a  report  on  the  rocks  on  the  south  side  of  the  St.  Lawrence,  in  the 
report  of  progress  for  1840-'50,*  a  preliminary  description  is  given  of 
five  masses  of  rock  met  with.  They  include  the  dark  gray  slates,  gray, 
green,  and  occasionally  red  shales,  hard  sandstones,  and  a  red  and  green 
shale  that  were  subsequently  largely  referred  to  the  Quebec  group  by 
Sir  Wm.  Logan,  and  now,  in  part,  to  the  Cambrian  by  Dr.  B.  W.  Ells. 
In  a  report  for  1852-'53  ^  a  description  is  given  of  the  strata  on  the  north 
shore  of  the  St.  Lawrence  between  Cap  Bouge  Biver  and  Quebec.  At 
the  base  there  is  a  succession  of  hard,  sandy  layers,  with  softer  shales 
that  extend  along  the  river  shore  for  some  distance,  and  then  thick 
beds  of  sandstone  separated  by  thinner  bands  of  red  and  green  shales. 
The  red  and  green  shales  have  a  great  thickness  further  down  the  river. 
Mr.  Logan  says  that  it  would  be  hazardous  to  pronounce  with  confi- 
dence what  it  is,  from  the  probably  contorted  condition  of  the  strata.  In 
regard  to  the  sandstones,  however  (supposed  to  represent  the  Oneida  con- 
glomerate), no  folds  have  been  detected.  They  are  thought  to  be  about 
900  feet  in  thickness.  This  is  the  first  preliminary  description  of  the 
sandstones  and  shales  that  were  subsequently  referred  to  the  Laiizon 
and  Sillery  series  of  the  Quebec  group.'' 

1  Geology  of  New  York,  part  2,  compriaing  the  survey  of  the  2d  geological  (northern)  district.    1842, 
p.  125. 

'[Acoonntof  the  general  strtictarG  of  an  extended  area  in  Xoitli  America.]  Geological  survey  Canada^ 
report  of  progreas  for  1843.    1815,  pp.  6-13  [Docnmentnry  Edition.] 

*  Logan,  W.  E.    Geological  Boryey  Canada,  report  tor  pro;;rc88  1847-'48.    1849,  pp.  2-17  [Documen* 
tary  Edition.] 

♦Op.  dt,  p.  17. 

*Logan,  W.  E.    (Beporton  rocks  on  south  side  of  the  St.  Lawrence.]    Goolngical  snrTey  Canada 
report  of  progress  for  18IO-'50.    Toronto,  1850,  pp.  32-33. 

*Logan,  W.  E.    [Exploration  on  the  north  side  of  the  St.  Lnwrence,  hetwoen  Montreal  and  Cap« 
Tonmtente.]    Geological  surrey  C:uia<la,  report  of  pio^ross  for  183'.^'5T,  185i,  pp.  5-74. 

'Op.  dt,  p.  34. 
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Dr.  J.  J.  Bigsby,*  in  describing  the  geology  of  Quebec  and  its  en- 
virons, states  that  the  Potsdam  sandstone  only  occurs  distinctly,  as  far 
as  yet  known  in  the  neighborhood,  at  the  Falls  of  Montmorenci ;  but 
at  Jeune  Lorette  there  are  traces  of  it.    He  says  that — 

The  sandstone  of  Montir.orenci  has  been  unhesitatingly  declared  to  represent  the 
Potsdnni  rock  by  the  New  York  State  geologists,  as  well  as  by  Sir  Charles  Lyell  and 
Mr.  Logan.  With  these  high  authorities  I  have  only  to  concur.  It«  geological  posi- 
tion is  that  of  the  Potsdam  sandstone ;  but  its  aspect  and  mineral  couditiou  are  very 
different  from  that  of  Lake  Superior  and  of  the  Thousand  Islands,  near  Kiugstou, 
Upper  Canada.^ 

In  describing  the  geology  of  the  Falls  of  Montmorenci,  he  sajs : 

The  sandstone  is  plentiful  on  the  east  bank  of  the  river  above  the  bridge,  and  is  a 
yard  or  more  thick,  as  well  as  on  the  west  bank  both  above  and  below  the  bridge ; 
the  plane  of  contact  with  the  enclosing  rock  being  clean  and  abrupt.  It  is  white, 
brownish  red  or  bright  green,  in  well  defined  layers.  Bowlders  of  the  gueiss  occur 
in  it' 

A  section  is  iutrodnced  in  which  the  Potsdam  sandstone  is  repre- 
sented as  beneath  the  Trenton  limestone,  and  with  the  latter  resting 
nnconformably  against  the  gueiss.  It  is  stated  that  tiie  Potsdam  sand- 
stone at  this  place  has  not  yet  been  found  to  contain  organic  remains. 

Dr.  Bigsby  described  the  north  shore  of  the  St.  Lawrence,  from  Quebec 
to  Gap  Bouge,  as  consisting  of  frequent  alternations  of  gritty  gray 
sandstone,  and  red,  brown,  and  black  clay  shale.  On  the  south  side  of 
the  St.  Lawrence,  near  Point  Levis,  the  rocks  are  stated  to  be  formed  of 
minute  alternations  of  clay -slate,  coarse  sandstone,  calcareous  and  other 
conglomerates  that  were  met  with  on  the  north  side  of  the  river.^ 

In  the  report  of  progress  for  1852-'53,  published  in  1854,  Sir  W.  B. 
Logan^  describes  the  red  and  green  shales  and  green  sandstones  from 
Gap  Bouge  to  Quebec,  considering  them  to  belong  to  the  Hudson  Biver 
group  of  the  Few  York  section. 

In  a  description  of  the  Silurian  rocks  of  the  environs  of  Quebec,  the 
same  writer^  states  that  the  only  exposure  of  the  Potsdam  formation  in 
the  vicinity  of  Quebec  is  at  Lorette,  where  the  sandstone  is  7  metres  in 
thickness  and  without  the  fossils  which  characterize  the  formation  in 
other  parts  of  Ganada.  The  shales  and  sandstone  of  the  Sillery  forma- 
tion are  stated  to  correspond  to  the  conglomerates  of  the  Oneida  for- 
mation of  the  Kew  York  geologists.  This  same  view  was  expressed  in 
the  geological  essay  prepared  for  the  Paris  Exposition  of  1855  by 
Messrs.  Logan  and  Hunt. 

From  the  collections  of  fossils  made  by  the  Geological  Survey  of  Ga- 
nada at  Point  Levis  during  the  years  1856~'57,  Mr.  E.  Billings,  paleon- 

^On  the  geology  of  Quebec  and  its  environs.    Quart.  Jour.  GeoL  Soc.,  vol.  9, 1853,  pp.  82-101. 

*0p.  cit,  p.  84.  *0p.  cit,  p.  88.  «0p.  cit.,  pp.  94, 95. 

■(Exploration  on  the  north  side  of  the  St  Lawrence,  between  Montreal  and  Cape  Tonrmente.) 
Gepl.  Surv.  Canada,  report  progress  for  1852-'53, 1854,  pp.  33,-34. 

*  (Snr  la  formation  siluriqae  des  environs  de  Qu6beo.)  Soc  g6oL  France,  Bull.,  2*  B6r.,  vol.  12,  1855, 
p.  50ft. 
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tologist  of  the  survey,  decided  that  the  rocks  theie  and  those  which  had 
been  associated  with  them  by  Sir  William  E.  Logan  belonged  at  the 
base  of  the  Lower  Silurian  and  not  at  the  summit,  as  had  hitherto  been 
held.  These  conclusions  were  announced  by  Logan  in  a  letter  to  Mons. 
J.  Barrande  published  in  I860,*  In  this  letter  the  whole  Quebec  group, 
from  the  base  of  themagnesian  conglomerate  with  tbeir  accompanying 
magnesian  sbales,  to  the  summit  of  the  Sillery  sandstone,  is  stated  to 
have  a  thickness  of  perhaps  from  five  to  seven  thousand  feet.  It  ap- 
pears to  be  a  great  development  of  strata  at  about  the  horizon  of  the 
Ghazy  and  Galciferous  of  the  ISew  York  section. 

He  says  he  is  not  prepared  to  state  that  a  typical  form  of  the  Pots- 
dam sandstone  is  present  where  the  shales  are  in  greatest  force. 

Neither  ami  propared  to  assert  its  absenoo,  as  there  are  In  some  places  masses  of 
grannlar  qnartzite,  not  far  removed  from  the  magaesian  rocks  of  the  Qnebec  groap, 
which  require  farther  i nyesti fixation ;  bnt,  from  finding  wind-mark  and  ripple-mark 
on  closely  sncceeding  layers  of  the  Potsdam  sandstone  where  it  rests  immediately 
upon  the  Lanrentian  series,  we  know  that  this  arenaceous  portion  of  the  formation 
mast  haye  been  deposited  immediately  contiguousito  the  coast  of  the  ancient  Silurian 
sea,  where  part  of  it  was  even  exposed  at  the  ebb  of  tide.  Out  in  deep  water  the  de- 
posit may  have  been  a  black,  partially  calcareous  mud,  such  a^ would  give  the  shales 
and  limestones  which  come  from  beneath  the  Quebec  group. 

In  Canada  no  fossils  have  yet  been  found  in  these  shales,  but  the  shales  resemble 
those  in  which  Oleni  have  been  fonnd  in  Georgia  (Vermont).  These  shales  appear  to 
be  interposed  between  eastward  dipping  rocks  equivalent  to  the  magnesian  strata  of 
the  Quebec  group,  and  they  may  be  brought  up  by  an  overlapping  anticlinal  or  dis- 
location. We  are  thus  led  to  believe  that  these  shales  and  limestones,  which  may  be 
subordinate  to  the  Potsdam  formation,  will  represent  the  true  Primordial  zone  in 
Canada.* 

In  1863  Sir  Wm.  E.  Logan  published  his  great  r^sum^  of  the  work 
done  by  the  Geological  Survey  of  Ganada  from  its  commencement  to 
1863.^  He  describes  the  northward  extension  of  the  Georgia  series 
andBedSandrock  of  Vermont  into  Ganada,  stating  that  tbey  bad  been 
traced  but  a  short  distance  when  they  become  faulted  out  and  replaced 
by  a  later  formation/ 

The  Sillery  shales  and  sandstones,  as  well  as  the  conglomerate  beds 
of  Point  Levis,  Quebec,  are  described  in  detail  and  assigned  to  about  the 
honzon  of  the  Galciferous-Ghazy  formations  of  the  New  York  section. 
The  Levis  and  Sillery  formations  are  referred  to  the  Quebec  group,  and 
the  latter  series  is  traced  south  west  ward  along  the  western  base  of  the 
Sutton  Mountain  range.  The  Levis  formation  is  divided  into  seventeen 
parts,  consisting  of  alternating  calcareous  shales,  argillaceous  shales, 
limestone  conglomerate,  and  gray  sandstone.  The  upper  beds  consist  of 


*  Logan,  W.  E.  Remarks  on  the  fauna  of  the  Qaebeo  group  of  rocks  and  the  Priraordial  Eone  of  Cnn* 
adA.  Canadian  Naturalist, toI.  5, 1860,  p.  475;  vol.  6, 1861,  pp.  loe-l  20 ;  Am.  Jour.  Sci..  2d  ser.,  vol.  31, 186 1, 
pp.  216-220.  Remarqnes  sur  la  faune  des  roches  du  groupe  de  Qu6beo  et  ear  la  zone  primordiale  dn 
Canada,  Soc.  g6ol.  France,  Bnl).,  2*  s6r.,  vol.  18, 1861,  pp.  809-914. 

*Am.  Jour.  Sol.,  2d  ser.,  vol.  31,  p.  210. 

*  Geological  Snryey  of  Canada,  Beport  of  progress  from  its  commencement  to  1863.  Ifontreal,  1868fe 
pp.  MS. 

«Op.dl,p.  286. 
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red  and  green  shales  with  thin  layers  of  gray  sandstone  or  quartzite  in 
which  Lingala  and  Obolella  were  found.  At  the  summit  of  the  red  and 
green  shales,  interstratified  sandstones  appear  and  succeed  the  shales, 
with  a  thickness  of  about  2,000  feet,  forming  the  Sillery  division  of  the 
Quebec  group  (p.  232).  Subsequently  he '  divided  the  Quebec  group 
into  three  parts :  Levis  or  lower ;  Lauzon  or  middle  ;  and  Sillery  or  up- 
per.  The  Lauzon  or  middle  division  embraces  the  red,  green,  and  pur- 
ple slates  of  the  section  above  and  below  Quebec  and  on  the  island  of 
Orleans.  The  only  fossils  known  were  Obolella preiiosa  and  fragments 
of  Lingula.  The  sandstones  and  accompanying  shales  of  the  original 
Sillery  were  referred  to  the  Sillery  or  upper  division  with  the  exception 
of  those  separated  to  form  the  Lauzon.  The  Levis,  or  lower  division, 
was  distinguished  by  its  yellow,  dark  and  black  shales  and  the  presence 
of  numerous  graptolites  and  Calciferous-Ghazy  fossils. 

dp  to  this  time  none  of  the  rocks  of  the  Quebec  group  had  been 
referred  to  the  Cambrian  system,  or  to  an  equivalent  formation,  beneath 
the  Calciforous  zone  of  the  New  York  series.  Messrs.  Billings,  Hall, 
and  Barrande  spoke  of  the  I^rimordial  character  of  some  of  the  fossils 
of  the  Point  Levis  conglomerate,  but  the  series  as  a  whole  was  referred 
by  Mr.  Logan  to  the  CalciferonsChazy  zone. 

Sir  W.  E.  Logan  also  described  the  conglomerate  beds  of  Bic  Har- 
bor and  Trois  Pistoles  on  the  shore  of  the  St.  Lawrence  River,  where 
bowlders  of  limestone  were  found  containing  fossils  of  the  Olenellus 
fauua.^  The  shales  in  which  the  bowlders  occur  are  supposed  at  the 
present  time  to  be  of  Upper  Cambrian  age. 

The  report  on  the  south  shore  of  the  St.  Lawrence  River  below  Que- 
bec, by  Mr.  James  Richardson,  contains  the  information  that  another 
series  of  rocks  came  to  the  surface,  differing  from  those  farther  to  the 
west.    He  says : 

These  rocks  have  heretofore  been  classed  with  those  of  the  Quebec  groap,  but  they 
appear  to  uuderlie  theun  uncoufornaably,  and  being  iu  some  places  marked  by  fossils 
which  Mr.  Billings  considers  to  be  of  Potsdam  age,  they  are  now  placed  in  the  upper 
part  of  the  Potsdam  group.^ 

They  consist  at  the  summit  of  a  light  drab  quartz  rock  with  intercal- 
ated beds  of  conglomerate  holding  limestone  pebbles  in  an  arenaceous 
matrix,  the  whole  forming  a  series  600  feet  in  thickness.  This  is  super- 
jacent to  a  series  of  gray  sandstones  and  interstratified  shales  with  a 
thickness  of  700  feet  in  which  near  the  b<ase  a  conglomerate  occurs; 
below  this  a  third  division  of  gray  limestones  and  limestone  conglom- 
erate occurs  in  beds  of  from  1  to  6  inches  thick.  A  species  of  Salter- 
ella  was  observed  in  the  limestone,  and  a  species  of  Archoeocyathus  in 
the  shales.    The  third  series  is  assigned  a  thickness  of  700  feet ;  and  the 

'  Logan,  W.  B.,  Report  of,  for  18C6.  Geol.  Survey  Canada,  report  of  progn^aa  irom  1863  to  1866, 1886, 
p.  4. 

'  Geological  Survey  of  Canada,  report  of  progress  from  its  commencement  to  1863.  Montreal,  1863, 
p.  260. 

'lieport  (in  ILe  south  shore  of  the  St.  Lawrence,  below  Quebec.  Geol.  Survey  Canada,  report  prog- 
ress for  1866.  to  18G0,  1870,  p.  120. 
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entire  section  2,000  feet.  A  number  of  species  of  the  Olenellns  fauna 
were  found  in  the  pebbles  of  the  conglornerate  near  St.  Denis  Station 
on  the  Grand  Trunk  Railway,  and  also  at  Bic  Harbor.^ 

The  reference  by  Mr.  Bichardson  of  the  rocks  mentioned  in  the  pre- 
ceding paragraph  to  the  Potsdam  zone  is  objected  to  by  Dr.  A.  11.  C. 
Selwyn.^  He  says  that  after  examining  a  considerable  portion  of  these 
supposed  Potsdam  rocks,  there  is  in  his  opinion  at  present  no  sufficient 
evidence,  either  paleontological,  stratigraphical,  or  mineralogical,  for 
separating  this  belt  from  other  very  large  areas  of  the  Quebec  group, 
hitherto  assigned,  the  larger  part  to  the  Lauzon,  but  in  some  places 
also  to  the  Levis  and  Sillery  formations.  He  states  that  on  any  map 
now  published  it  is  best  to  include  the  whole  of  the  rocks  of  this  great 
fossiliferous  belt  in  one  group,  as  the  data  are  insufficient  to  separate  the 
Potsdam  zone  from  the  other  rocks  of  the  Silurian.  The  group  referred 
to  is  No.  1,'  the  Lower  Silurian.  The  second  is  "  the  volcanic  group, 
probably  Lower  Oambrian."  Group  ISo.  2  is  described  as  consisting  of 
a  great  variety  of  crystalline,  subcrystalline,  and  altered  rocks,  includ- 
ing red,  gray,  and  greenish  siliceous  slates  and  argillites,  great  masses 
of  diorite,  epidotic  and  serpentinous  breccias  and  agglomerates,  etc.^ 
Of  the  age  of  this  group  he  says : 

If  foBsilfl  are  found  I  shoald  expect  them  to  indicate  a  lower  horizon  than  the  Levis 
formation,  prohably  not  far  removed  from  that  of  the  St.  John  group  and  Atlantic 
coast  series  of  Nova  Scotia,  or  Lower  Cambrian.^ 

This  series  forms  part  of  the  Sillery  formation  of  Mr.  Logan. 

In  speaking  of  the  reference  of  the  Volcanic  group  to  the  Caimbrian 
Dr.  Selwyn  quotes  from  the  paper  read  before  the  Boyal  Society  of 
Ganada  in  May,  1882,  as  follows:^ 

The  upper  portion  of  this  series  was  designated  "  the  volcanic,  belt "  from  the  asso- 
ciation with  it,  especially  on  the  southeast  side  of  the  main  axis,  of  a  great  variety 
of  what  were  considered  to  be  altered  eruptive  and  irruptive  rocks,  but*  whether 
the  strata  forming  this  igneous  belt  are  more  nearly  allied  to  the  Lower  Cambrian 
than  to  the  Upper  Huron ian  is  not,  fossils  being  absent,  easily  determined. 

On  the  map  of  the  Dominion  of  Ganada  geologically  colored  from 
surveys  made  by  the  Geological  Corps  from  1842  to  1882,  under  the 
direction  of  Dr.  Selwyn,  there  is  quite  a  broad  belt  of  rocks  colored 
Gambrian  that  extends  from  Gape  Rosier  on  the  Gaspe  Peninsula 
southeasterly  along  the  shores  of  the  St.  Lawrence  to  Point  Levis,  Que- 
bec. From  Point  Levis  it  turns  more  to  the  south,  extending  along  the 
western  margin  of  the  Archean  anticlinal  to  Mississquoi  Bay,  at  the 
foot  of  Lake  Ghamplain.    A  narrower  strip  is  represented  as  extending 

■  Op.  cit,  p.  130. 

'  Report  of  obaerrationB  on  the  stratigraphy  of  the  Quebec  group  and  the  older  crystalline  roclcs  of 
Canada.  Oeol.  Saryey  Canada,  report  of  progress,  1877-'78,  1870,  p.  4A.  Can.  Nat.,  new  8er.,yol.O, 
1879,  pp.  17-31. 

*0p.  cit,  p.  3 A.  4 Op.  cit.,  p.  5A.  *0p.  cit,  p.  6 A. 

*  Notes  on  the  geology   of  the  sontheastem  portion  of  the  Prorince  of  Quebec.    GeoL  Sorrej 
CaiiAda,  report  of  proKreas,  188a-'81-'82, 1883,  p.  2A. 


\ 


120  THE   CAMBRIAN.  |boll.«1. 

from  the  north  end  of  the  Archean  anticlinal  or  axis,  along  the  eastern 
Bide  of  the  latter  to  Lake  Memphremagog.  A  smaller  area  is  colored 
Cambrian  in  the  southeastern  part  of  the  Province  of  Qnebec,  near  the 
Maine  boandary,  at  the  northeastern  corner  of  New^  Hampshire.  In  a 
map  of  a  part  of  the  Province  of  Qnebec  pnblished  in  1887,  the  dis- 
tribution of  the  Cambrian  about  the  Sutton  Mountain  anticlinal,  or 
the  Archean  axis,  extending  north  from  the  Green  Mountains,  is  given 
more  in  detail  than  in  the  map  of  1882. 

In  the  table  of  the  geological  formations,  accompanying  Macfarlane's 
American  Geological  Railway  Guide,  Dr.  T.  S.  Hunt  places  the  follow- 
ing groups  in  the  Lower  Cambrian,  in  descending  order  :^ 

Potsdam. 

Sillery. 

Acadian  (Menevian). 

Lower  Taconic. 
This  same  nomenclature  is  followed  in  the  list  of  the  geological  forma- 
tions of  Canada  on  page  52. 

In  a  report  on  the  explorations  and  surveys  in  the  interior  of  the 
Gasp6  Peninsula,  Mr.  A.  P.  Low^  states  that  the  Cambrian  system  is 
represented  along  the  Ste.  Anne  Eiver  and  along  the  east  and  west 
flanks  of  Table-top  Mountain,  by  gray  and  black  shales,  limestones, 
and  limestone-conglomerates  of  the  Levis  formation.    He  says : 

These  fonn  bnt  a  small  part  of  the  great  area  of  these  rocks,  which  stretches  from 
Cape  Rosier  along  the  south  side  of  the  Gulf  of  St.  Lawrence  to  Qnebec  and  thence 
throngh  the  Eastern  Townships  into  the  United  States. 

In  describing  the  Silurian  rocks  on  a  previous  page  ^  he  says  the 
limestones  rest  in  places  upon  a  pinkish  or  gray  sandstone  of  no  great 
thickness,  which  is  seen  on  the  Ste.  Anne  and  Matane  Rivers  and  on 
the  west  side  of  Lake  Matapedia.  This  sandstone  is  supposed  to  be 
the  lowest  part  of  the  system. 

In  his  surveys  of  the  Eastern  portion  of  the  Province  of  Quebec,  Dr. 
B.  W.  Ells  ^  included  in  the  Cambrian  the  extension  to  the  northeast  of 
those  rocks  described  as  Cambrian  by  Dr.  Sel  wyn.  As  described  in  the 
reports  of  the  Geological  Survey  of  Canada  for  1886, 1887,  they  consist 
for  the  most  part  of  hard  quartzite  iuterstratified  with  mica  schists  and 
black  slates.  Dr.  Ells  also  referred  the  trappean  rocks  of  Broughtou  to 
the  Cambrian.  All  of  this  series,  as  described  by  Dr.  Selwyn  and  Dr. 
Ells,  is  uncouformably  overlapped  by  the  Sillery  red  slates,  conglomer- 
ates, and  sandstones.  It  is  not  improbable  that  some  of  the  strata 
referred  to  the  Lower  Cambrian  may  prove  to  belong  to  that  system  of 
rocks,  but  in  the  absence  of  fossils  it  is  very  uncertain  whether  the  strata 

■  Dominion  of  Canada.    (Geological  Fonnntiona.)    Macfarlane's  Am.  Geol.  R.  R.  Guide,  1879,  p.  51.* 

*  Explorations  and  sarveys  in  the  interior  of  the  Gaap6  Poninsala,  1883.  Geol.  Snry.  Caoada^  1882-'83- 
1884,  p.  14F. 

»  Op.  cit,  p.  12P. 

*  Second  report  on  the  fseologj  of  a  portion  of  the  Province  of  Qnebec  Geological  Survey  Canadai 
sew  ser.,  vol.  3, 1880,  pp.  1K-I20K. 
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DDder  coDsideration  should  be  referred  to  the  Cambrian  or  to  some 
of  tbe  pre-Cambrian  series  of  rocks.  In  a  review  of  Dr.  Ells's  work  by 
Mr.  0.  D.  Walc50tt*  it  is  suggested  that  from  the  occurrence  of  Lower 
Cambrian  fossils  (the  Olenellns  fauna)  in  grayish  limestone  interbedded 
with  purple,  green,  and  black  slates,  in  Washington  County,  New 
York,  the  rocks  containing  them  occupy  a  similar  stratigraphic  position 
to  those  described  by  Dr.  Ells  in  the  Canadian  section.  Dr.  Ells  con- 
sidered that  portions  of  the  strata  referred  to  the  Lower  Cambrian  are  very 
much  like  those  of  the  gold  series  of  Nova  Scotia,  while,  in  part,  they  re- 
semble the  Cambrian  of  New  Brunswick.  Stratigraphically  they  occupy 
a  position  between  the  chloritic  and  micaceous  schists  of  the  Arcliean 
and  the  snpeijacent  Sillery.  * 

The  Canadian  extension  of  the  rocks  referred  to  the  Cambrian  System 
by  Prof.  C.  H.  Hitchcock  in  New  Hampshire  is  represented  upon  the 
geological  map  of  Canada,  published  by  Sir  William  E.  Logan  in  1864  as 
the  Quebec  group,  thus  being- identified  with  the  Quebec  group  series 
up6n  the  western  side  of  the  Gasp^  limestone  series.  References  have 
been  made  to  them  by  various  authors  who  have  written  upon  the  geol- 
ogy of  the  townships  of  eastern  Quebec,  but  not  in  a  manner  to  distin- 
guish the  strata  now  referred  to  the  Cambrian. 

When  describing  this  belt  of  rocks  in  1886,  Dr.R.  W.  Ells'  states  that 
Prof.  Hitchcock  has  referred  a  belt  composed  priucipally  of  blackish, 
wrinkled  slates  and  schistose  sandstones,  which  form  a  ridge  extending 
northeast  from  the  vicinity  of  Canaan,  between  Hall's  and  Indian 
streams  t«  the  Quebec  boundary,  to  the  Lower  or  Cambrian  system. 
The  strata  present  a  well  defined  anticlinal  structure,  which  is  recognized 
in  the  adjoining  townships  of  Emberton  and  Ditton  in  Quebec,  and 
northeast  past  the  outlet  of  Lake  Megantic  and  onward  to  the  Maine 
boundary.  The  slates  are  penetrated  by  quartz  veins,  which  in  places 
have  proved  more  or  less  auriferous. 

In  character  and  aspect  the  gold-heariDg  slates  of  Ditton  and  the  area  to  the  north- 
east almost  exactly  resemble,  as  already  intimated,  the  rocks  of  the  Nova  Scotia  gold 
series.'* 

As  far  as  known  no  fossils  have  been  found  in  this  series  to  identify 
the  horizon,  in  cither  New  Hampshire,  Canada,  or  Maine.  This  is  true 
also  of  the  second  area  inclosed  on  either  side  of  the  Stoke  Mountains 
and  the  Sherbrooke  anticlinal.  The  strata  forming  the  western  area 
west  of  Sutton  Mountain  anticlinal  have  already  been  mentioned. 

The  presence  of  rocks  of  supposed  Cambrian  age  is  indicated  on  the 
geological  map  of  Canada,  published  in  1882,  on  the  eastern  side  of 
Hudson's  Bay,  near  the  mouth  of  Big  Whale  Eiver,  and  in  the  vicinity 

*  A  review  of  Dr.R.  W.  Kile's  second  report  on  the  goolofry  of  a  portion  of  the  ProTince  of  Quebec, 
with  additionftl  notes  on  the  "Quebec  group. "    Am.  Jour.  Scl.,  3(1  ser.,  vol.  39,  1800,  p.  101-115. 

*  Ells,  B.  W.  Second  report  on  tbe  geology  of  a  portion  of  tbe  Province  of  Quebec.  Ocol.  Snrr. 
Canada,  vol.  3, 1889.  p.  87K. 

'Report  on  tbe  geology  of  a  portion  of  tbe  eastern  townsbips  of  Quebec.    Geol.  Snry.  Canada,  1886, 
new  ser.,  vol  2, 1887,  pp.  24J  26J. 
«Op.olt,p.25J. 
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of  Bichmond  Bay.  The  observations  upon  which  this  identification  is 
based  were  made  by  Dr.  Robert  Bell,  who  explored  the  east  coast  of 
Hadson  Bay  in  1877.  He  names  the  series  the  Manitoanack  group, 
correlating  it  with  the  Nipigon  series  north  of  Lake  Superior.  By  com- 
bining the  sections  of  slates  and  sandstones  he  obtains  a  thickness  of 
2,800  feet  for  the  entire  section  on  this  part  of  the  coast.^ 

Befereuces  to  the  occurrence  of  rocks  of  supposed  Cambrian  age  on 
Lakes  Mistassini  and  Mistassinis  are  made  by  Mr.  A.  P.  Low  in  his 
report  on  the  Mistassini  expedition.  The  limestones,  owing  to  the 
absence  of  any  fossil  remains,  have  been  referred  to  the  Cambrian  hori- 
zon on  account  of  their  llthologic  resemblance  to  Cambrian  rocks  of  the 
east  side  of  James  Bay.' 

A  map  of  .Lake  Mistassini  accompanies  the  report,  on  which  the 
boundary  between  the  Laurentian  and  supposed  Cambrian  formations 
is  traced. 

Dr.  George  M.  Dawson  tabulates  the  formations ;  he  refers  to  the 
Cambrian  in  Ontario  and  Quebec  as  follows : ' 

3h.  Sillery  and  Levis. 

3a.  Calciferons. 

2c.  Upper  and  Lower  Potsdam. 

25.  Keweenian. 

2a.  Auimikie. 

SOUTHERN  APPALACHIAN  DISTEIOT. 

The  Southern  Appalachian  district  includes  the  outcrops  of  strata 
referred  to  formations  of  the  Cambrian  group  in  northern  and  central 
New  Jersey,  southeastern  and  southern  central  Pennsylvania,  western 
Maryland,Virginia,  and  Korth  Carolina,  eastern  Tennessee,  northwest- 
ern Georgia,  and  northeastern  Alabama. 

NEW  JERSEY. 

In  a  table  showing  the  geologic  succession  of  the  lower  Secondary 
or  Appalachian  rocks  as  they  occur  in  New  Jersey,  Prof.  Rogers* 
places  as  No.  1  of  the  series  of  formations  a  compact  and  very  quart- 
zose  sandstone,  of  light  bluish  gray  color,  approaching  to  white.  He 
discovered  the  formation  in  only  three  or  four  small  isolated  areas  along 
the  western  outcrops  of  the  Primary  rocks.  Prof.  Cook  refers  to  this 
sandstone  lying  upon  the  gneiss  as  the  **  Potsdam  sandstone  "  as  known 
in  New  York,  It  is  only  a  few  feet  in  thickness.^  In  a  subsequent  report 
a  sketch  is  given  of  a  section  at  Franklin  Furnace,  which  shows  the  sand- 

>  Report  on  an  exploration  of  tho  eaat  coast  of  Hndson^a  Bay,  1877.  Geol.  Sarv.  Canada,  Kep.  Vrog. 
tor  1877-78.    1879,  p.  170. 

'Report  of  the  Mistassini  Expedition,  1884-*85.  Geol.  and  Nat.  HiAt.  Sarv.  Canada, new  ser.,  vol.  1, 
1885,  p.  31D. 

*MacfarIane  James:  An  American  Geological  Railway  Gnide.    Second  ed.,  1890,  p.  .'^8. 

*  Description  of  the  Geohigy  of  the  State  of  New  Jersey,  being  a  final  report.    Pliiladelphia,  1840,  p.  45. 

'  Report  of  Prof.  George  H.  Cook  upon  the  geological  survey  of  New  Jersey,  and  its  progress  daring 
the  year  1883.    1864,  p.  0^  par.  8. 


WAMOTT.)  NEW  JERSEY  AND  DELAWARE.  123 

Stone  resting  unconformably  on  the  gneiss  and  passing  conformably  be- 
neath the  superjacent  Magnesian  limestone.'  There  are  also  donbtfally 
included  under  the  *<  Potsdam  sandstone "  several  outcrops  of  qnart- 
zite  and  conglomerate,  and  the  conglomerates  and  sandstones  of  the 
Green  Pond  Mountain  range.  On  the  large  geological  map  of  northern 
New  Jersey,  published  in  1874,*  the  "  Potsdam  sandstone "  includes 
shales,  sandstones,  slaty  grits,  quartz  rock,  and  the  Green  Pond  Moun- 
tain conglomerate^  this  entire  series  is  represented  by  one  color, 
extending  on  the  trend  of  the  Green  Pond  Mountain  range  from  the 
New  York  boundary  southwesterly  into  the  central  portion  of  Morris 
County. 

In  the  annual  report  for  1884  the  Green  Pond  Mountain  rocks  are 
included  with  the  ^<  Devonian  and  Silurian  rocks."  ^  This  leaves  the 
so-called  <'  Potsdam  sandstone  "  as  the  only  Cambrian  formation  within 
the  State.  The  following  year  reference  is  made  by  Prof.  Cook*  to  the 
contact  phenomena  with  the  Paleozoic  rocks.  In  New  Jersey  one  point 
is  at  '*  Owen's  Island,"  in  Sussex  County,  two-thirds  of  a  mile  south  of 
the  State  line,  as  described  by  Prof.  Rogers  in  his  report  of  1836.  At 
this  point  the  sandstone  dips  20°  northwest,  and  the  Archean  70°  to 
the  southwest.  Near  Franklin  Furnace  a  similar  unconformity  occurs, 
and  the  same  conditions  appear  persistent  along  the  entire  northwestern 
margin  of  the  highlands  in  New  Jersey,  though  no  other  actual  contact 
has  been  observed  along  this  line. 

In  a  paper  presented  to  the  Geological  Society  of  America  December 
31, 1890,  Prof.  Frank  L.  Nason  stated  he  had  found  fossils  of  Lower 
Cambrian  age  in  the  quartzite  resting  on  the  pre-Paleozoic  rocks  at 
Hardistonville,  Sussex  County,  New  Jersey,  and  |at  Franklin  Furnace, 
in  the  same  county.  He  also  discovered  fragments  of  a  species  of 
Kutorgina  in  the  superjacent  limestone.^ 

DELAWARE. 

In  the  northwestern  corner  of  the  State  of  Delaware  there  is  a  trian- 
gular area  of  sandstone  referred  to  the  '^Potsdam "sandstone  by  Mr. 
Fred.  D.  Chester.  He  states  that  it  extends  into  Pennsylvania,  and  is 
best  exposed  beyond  the  State  line. 

At  Nivin's  limestoae  quarry  a  mass  of  quartzite  forms  what  is  clearly  au  anticlinal 
fold,  over  which  is  a  correspoudiug  anticlinal  of  Magnesian  limestone.^ 

The  extension  of  this  sandstone  into  Pennsylvania  is  shown  r.pon  the 
map  of  Chester  County,  Pennsylvania,  where  it  occurs  in  the  township 
of  London. 

*  Geology  of  Kew  Jersey.    Newark,  1868,  p.  72. 

'Cook,  Geo.  H.  Geological  Survey  of  New  Jersey.  (Map  of)  northern  New  Jersey,  showing  the 
Iron-ore  and  limealone  districts.    1874,  in  two  sheets. 

"Cook,  Geo.H.  Geological  Survey  of  New  Jersey.  Annnal  report  of  the  State  geologist  for  the 
year  1884.    1884.  p.  29. 

'Contact  phenomena  with  the  Paleozoic  rocks.  Geological  Sarvey  of  New  Jersey.  Annnal  Beport 
of  the  State  Geol.  for  1885.    Trenton,  1885,  pp.  53-55. 

*  Unpublished. 

'Preliminary  notes  on  the  geology  of  Delawore—Laorentian,  Paleozoic,  and  Cretaoeons  areas.  PhUa. 
Acad.  Set  Proo.,  toI.  80,  1884,  p.  248. 
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« 

In  the  second  annual  report  of  the  State  geologist  of  Pennsylvania, 
Prof.  H.  D.  Rogers  summarizes  in  a  table  the  order  of  stratification, 
the  geographical  position,  composition,  and  thickness  of  the  lower 
Secondary  formation  in  Pennsylvania,  east  of  the  Susquehanna  Eiver.^ 
The  description  of  formation  No.  I,  or  the  sandstone  of  the  South  Moun- 
tain, is  as  follows: 

In  the  ascending  order,  the  first  formation  which  we  meet  with,  reposing  on  the 
primary  rocks  of  the  Sonth  Mountain,  •  •  •  is  a  remarkably  compact  and  rather 
fine-grained  sandstone,  usually  white  or  of  some  light  shade  of  gray.  *  *  *  The 
formation  ranges,  according  to  my  present  belief,  from  iho  Delaware,  at  Eastou,  more 
or  less  interruptedly  across  (he  State  to  the  Maryland  line,  pursuing  an  undulating, 
irregular  belt,  coinciding  with  the  northern  and  northwestern  side  of  the  chain  of 
hills  most  commonly  called  in  this  State  the  South  Mountain,  the  prolongation  of  the 
Highlands  of  New  York  and  of  the  Blue  Ridge  of  Maryland  and  Virginia.' 

It  contains,  as  far  as  yet  examined  in  Pennsylvania,  very  few  organic  remains,  the 
best  defined  species  discovered  in  it  being  a  marine  plant,  indicative  of  the  oceanic 
position  into  which  the  materials  of  this  stratum  were  originally  swept. 

I  have  satisfied  myself  that  this  rock  is  not  confined  to  the  Appalachian  region  of 
Pennsylvania,  but  that  it  possesses  a  prodigiously  extensive  range,  not  only  through 
Maryland  and  Virginia,  but  in  a  contrary  direction  through  New  Jersey  and  New 
York,  and  I  believe  beyond  those  limits,  coustitutiug  everywhere  the  lowermost  for- 
mation of  the  widespread  Secondary  strata  which  it  encircles  in  a  somewhat  inter- 
rupted belt,  following  the  primary  boundary  of  these  rocks  from  Tennessee  to  Lake 
Champlaio,  and  thence  northwestward  to  fho  northern  shores  of  Lake  Huron  and 
Lake  Superior  ' 

Prof.  Rogers  recognized  the  sandstone  at  many  points  in  New  Jersey 
and  New  York,  and  considered  it  identical  with  the  formation  in  north- 
eastern New  York,  described  by  Prof.  Eaton  under  the  name  of  Cal- 
ciferous  sandrock/  and  states  that  it  is  probably  the  same  stratum 
which  Dr.  Bigsby  has  mentioned  as  existing  on  the  north  side  of  Lake 
Huron.^  In  the  table  showing  the  order  of  stratification,  formation  No. 
I  is  assigned  a  projbable  thickness  of  1,000  feet. 

A  description  is  given  in  the  third  report^  of  the  geographic  distri- 
bution of  the  sandstone  as  it  occurs  in  the  various  counties  of  the  south- 
eastern portion  of  the  State. 

In  Northampton  and  the  eastern  corner  of  Lehigh  the  sandstone  *  *  *  is  sub- 
ordinate in  importance  to  the  gneiss  and  other  primary  rocks  on  which  it  rests.'' 

■  Second  Annual  Report  on  the  Geological  Exploration  of  the  State  of  Pennsjlvania.  Harrisburg, 
1838,  oppo.  p.  19. 

»0p.cit.,p.21. 

«Op.clt.,pp.22,23. 

*The  Potailain  sandstone  was  not  differentiated  from  the  calciferous  sandrock  by  Eaton.  He  in* 
oladed  the  sandstone  and  the  superjacent  calcareous  sandstone,  under  the  common  name  of  calciferoua 
sandrock,  as  one  formation. 

•Op.  cit.,p.23. 

*Ro<:;ers,  Henry  D.  Third  Annual  Report  of  the  Geological  Soryey  of  (he  State  of  PenoByWaaia. 
Harrisburg,  1839,  pp.  14-16. 

'0p.cit.,p.l& 
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Id  the  fourth  report^  formation  Ko.  1  is  spoken  of  as  the  extensive 
8lat€  and  sandstone  formation  constituting  ^^  The  lowest  member  of  our 
older  Secondary  or  Appalachian  rocks.''  The  slates  of  the  Pigeon 
Hills  are  referred  to  the  lowest  Secondary  formation  of  the  State,  and 
the  strata  comprise  different  portions  of  formation  No.  I,  consisting  of 
dark  slate  and  a  light  colored  sandstone.  The  stratigrapbic  succession 
of  the  various  beds  referred  to  formation  No.  I  of  South  Mountain,  south- 
west of  the  Susquehanna,  is  given  in  detail.  The  intercalated  limestone 
bed  is  considered  to  belong  to  the  upper  part  of  the  division,'  and  there 
is  a  bluish  slate  interstratified  in  the  sandstone.  In  the  report  of  the 
following  year^  the  geographical  range  of  the  rockn  of  the  South  Moun- 
tains from  the  Delaware  to  the  Schuylkill  is  outlined.  The  white  and 
gray  sandstone  of  formation  I  is  not  a  continuous  stratum  in  the  belt 
of  the  South  Mountains  where  they  traverse  Northampton  and  Lehigh 
Counties,  but  it  is  very  probable  it  occurs  at  the  base  of  all  the  primary 
ridges,  buried  under  a  deep  covering  of  loose  diluvium.*  Mention  is 
made  of  its  various  points  of  outcrop  and  its  occurrence  in  Berks 
County,  and  many  details  are  given  of  the  distribution  of  the  sand- 
stone and  the  mode  of  its  occurrence  in  relation  to  the  subjacent  pri- 
mary rocks. 

In  his  grand  snmmary  of  the  geology  of  Pennsylvania,  Prof.  H.  D. 
Bogers  gives  a  synoptic  description  of  the  Primal  series  or  ^<  Potsdam  ^ 
sandstone  of  New  York,  as  follows :  ^ 

The  Primal  series,  nnder  its  fallest  and  most  diversified  condition,  or  that  which  it 
wears  iu  the  Appalachian  chain  in  Pennsylvania,  Virginia,  and  Tennessee,  is  a  thick 
foDTfold  groap  composed  of  two  slates  and  two  great  arenaceous  rocks  in  alternation: 
(1)  The  highest  or  Primal  newer  slate  is  a  greenish  and  brownish  taico-argillaceous 
slate,  sometimes  very  soft  and  shaly.  In  Pennsylvania  it  has  a  thickness  of  about 
700  feet.  (2)  The  next,  the  Primal  white  sandstone,  is  a  compact,  white  and  yellowish, 
fine-grained,  vitreous  sandstone,  often  containing  speckb  of  kaolin.  This  rock,  which 
is  of  easy  recognition  and  of  an  immense  range,  has  a  thickness  in  some  parts  of  the 
BlaeRidgeof  Virginia  of  at  least  300  feet.  This  is  the  Potsdam  sandstone  of  New 
York.  (3)  The  Primal  older  slate  is  a  brown  and  greenish  gray  sandy  slate,  contain- 
ing much  feldspathio  and  talcose  matter.  It  has  hitherto  disclosed  no  fossils.  The 
thickness  of  this  bed  in  the  Atlantic  slope  In  Pennsylvania  is  several  hundred  feet* 
and  in  the  Blue  Ridge  of  Virginia  is  not  less  than  1,200  feet.  (4)  The  Primal  con- 
glomerate, the  lowest  of  the  yet  distinctly  recognized  formations  of  the  Primal  series, 
is  a  heterogeneous  conglomerate  of  quartzose,  feldspathic,  and  slaty  pebbles,  imbed- 
ded in  a  talco-silicious  cement.  The  thickness  of  this  rock  in  Virginia  and  Tennes- 
see, north  of  which  it  has  not  been  discovered,  is  at  least  150  feet. 

In  New  York  and  the  Northwestern  States  this  series  presents  a  materially  different 
type,  the  Primal  white  saudstone^being  almost  the  sole  representative. 

Thickneas.— The  thickness  of  the  entire  series  is  considerably  more  than  2,000  feet. 

*  Sogers.  H.D.  Fourth  Annual  Seport  on  the  Geological  Survey  of  the  State  of  Pennsylvania. 
Harrisbnrg,  1840,  pp.  33-39.  « 

*Op^cit.,p.41. 

*  Kogers,  H.  D.  Fifth  Annual  Beport  on  the  Geological  Exploration  of  Pennsylvania*  Hanisburg, 
18tl,  pp.  16-26. 

«OpwGit.,pp.a6,37. 

*  The  Q«ology  of  Pennsylvania.    Philadelphia,  1858,  voL  2,  pp.  761, 762. 
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Geographical  diatribution, — ^In  its  geographical  distribation  this  primal  series  ranges 
coextensively,  or  nearly  so,  with  the  other  formations  of  the  older  Paleozoic  division 
to  be  presently  traced ;  that  is  to  say,  it  shows  two  great  continuous  outcrops,  one 
stretching  southwest  along  the  Appalachian  chain  and  the  other  west  from  the  St. 
Lawrence,  through  New  York,  Canada  West,  Northern  Michigan,  Wisconsin,  and 
Minnesota  beyond  the  Mississippi.  It  is  probably  likewise  brought  to  the  day  in 
the  auticlinals  of  Missouri,  Arkansas  and  Texas,  which  elevate  the  gneissic  strata  on 
which  it  rests. 

The  ouly  fossils  foand  were  a  peculiar  fucoid  ia  the  newer  Primal 
slate,  annelid  borings  in  the  Primal  white  sandstone,  **  one  or  two 
brachiopodus  moUusks,  especially  lingala.  In  Wisconsin  and  other 
northwestern  localities  this  formation  contains  several  species  of  tri- 
lobites,  and  abounds  in  liugulae,  obolus,  and  an  orbicula.''  ^  Trilobites 
were  also  found  on  Lake  Ghamplain. 

Under  the  heading  of  ^^  Equivalents" is  the  following: 

These  strata  seem  to  be  on  the  horizon  of  the  lower  Festiniog  group  or  lingula 
flags  of  England,  and  equivalent  to  the  obolus  and  lingula  sandstone  of  Sweden  and 
Bussia.  They  represent,  too,  the  primordial  zone  of  Bohemia,  and  are  therefore  on 
the  horizon  of  the  very  dawn  of  discovered  life.' 

This  summary  of  Prof.  Bogers  gives  his  information  resi)ecting  the 
Primal  series  in  Pennsylvania,  Yirgiuia,  and  Tennessee  up  to  the  time  of 
publication.  Under  the  heading  of ''  Depositions  and  disturbances  of 
the  Primal  period,"  he  discusses  the  probable  conditions  under  which 
the  sediments  were  deposited,  and  sums  up  the  period  as  one  of  vast 
duration ;  ^^  an  enormous  age  of  quiet  sedimentation  with  almost  no 
life  in  the  wide  turbid  sea."  ^  The  paleoutological  record  for  the  Primal 
series  is  given  a  very  few  words :  Three  or  four  fossils  known  in  the 
white  sandstone,  and  a  vaguely  defined  plant  in  the  subjacent  shale 
in  the  Appalachian  region.  But  in  Wisconsin,  the  white  sandstone 
imbeds,  on  a  succession  of  thin  floors,  some  seventeen  more  species. 
Two  of  these  are  identical  with  those  of  the  eastern  outcrop,  so  the 
total  number  of  species  known  at  that  date  was  eighteen.  The  distribu- 
tion of  the  Primal  series  in  Pennsylvania  is  tabulated  in  volume  P  and 
local  details  are  given  in  the  description  of  the  various  counties  in  which 
outcrops  of  the  rocks  and  slates  occur. 

On  an  accompanying  geological  map  the  geographic  distribution  of 
the  Primal  series  is  delineated.  As  a  whole  it  extends  with  many  in- 
terruptions diagonally  across  the  southeastern  portion  of  the  State, 
from  South  Mountain  in  Adams  County  to  Korthampton  and  Bucks 
Counties,  on  the  Delaware  River. 

Two  maps  of  sections  also  accompany  the  report  of  1858.  On  the 
line  of  section  Ko.  2,  the  Primal  is  represented,  in  Northampton  County, 
at  Frey's  Kun  and  along  Durham,  Creek  to  the  Delaware  Eiver.  At 
Attleborough,  in  Bucks  County,  a  synclinal  of  the  Primal  sandstone 
is  represented  as  occurriug  in  the  midst  of  the  older  Primal  slate. 

>Op.cit,p.75L  >0p.  oit,p.752.  s0p.Git,p.78L  « Op.  cit,  pp.  122,128. 
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Section  No.  3  crosses  the  Primal  slate  in  Berks  County  and  repre- 
sents the  Primal  sandstone  dipping  southeasterly  from  the  Primal 
slate  forming  Mount  Pleasant.  The  Primal  sandstone  is  shown  again 
in  Montgomery  Gonnty  at  Barren  Hill  and  it  is  placed  in  the  midst  of 
"  Primal  mica  slate.'' 

Section  No«  4,  in  crossing  Lant3aster  and  Chester  Counties,  passes 
through  the  Primal  series  at  Neversink  Hill,  near  Heading,  and  also  at 
Welsh  Mountain,  where  the  Primal  sandstone  is  represented  as  forming 
a  low  anticlinal. 

On  the  line  of  section  Ko.  5,  the  Primal  sandstone  occurs  to  the  west 
of  the  Primal  slates  and  gneiss  that  form  Millbough  Hill  in  Berks 
County.  In  Lancaster  County,  on  the  line  of  the  same  section,  the 
sandstones  occupy  the  south  end  of  Welsh  Mountain.  In  Mine  ridge 
the  Primal  slates  and  gneiss  are  represented  as  much  distorted,  while 
the  sandstone  forms  an  anticlinal  and  synclinal  axis. 

Sections  Kos.  7  and  8  cross  the  South  Mountain  in  Adams  and  York 
Counties ;  and  the  entire  section  of  the  mountain  is  represented  as 
Primal,  as  stated  in  the  text.  The  rocks  of  Pigeon  Hills,  to  the  south- 
east in  section  7,  are  also  referred  to  the  "  Primal "  and  to  the  ^^  Primal 
slate,  altered  and  crystalline ; "  and  the  same  reference  is  made  of  the 
southwestern  extension  of  the  slates  of  the  hills  where  crossed  by  sec- 
tion 8. 

I  have  been  unable  to  find  any  account  of  original  researches  upon 
the  Primal  rocks  during  the  period  between  the  final  report  of  Proi.  H. 
D.  Rogers  and  the  renewal  of  their  study  by  Prof.  J.  P.  Lesley  in  1873. 

In  a  paper  by  the  latter,  on  the  iron  ore  of  the  South  Mountain  of 
Cumberland  County,  a  diagrammatic  sketch  is  given  of  a  cross-section 
of  the  county  at  Carlisle,  in  which  the  "  Potsdam  "  sandstone  rests  on 
the  gneiss  for  a  long  distance.^  On  the  following  page  a  sketch  of  a 
section  shows  the  sandstone,  resting  on  the  Azoic  slates  and  gneiss ; 
and  beneath  is  a  series  of  iron  ore  bearing  slates  that,  in  turn,  are  sub- 
jacent to  the  Calciferous  sandstone  and  Trenton  limestone. 

In  describing  the  Cornwall  iron  mines  and  some  related  deposits,  in 
Pennsylvania,  Dr.  T.  S.  Hunt'  refers  Prof.  Rogers's  Primal  slate  of  the 
mines  to  a  portion  of  the  Lower  Taconic  series  of  Emmons  and  beneath 
the  horizon  of  the  Potsdam  sandstone  of  the  New  York  system.  This 
reference  carries  with  it  the  ores  which  are  found  in  Pennsylvania 
along  the  borders  of  the  Mesozoicand  Red  Sandstone  formations  of  this 
portion  of  the  State. 

lu  another  paper  Dr.  Hunt  notes  the  discovery  by  Prof.  Prime  of  a 
species  of  Monocraterion^  in  the  Auroral  limestone  of  Pennsylvania, 
and  says : 

■Thoiron  ores  of  tbo  South  HonDtain  along  the  line  of  the  Harrisbnrg  and  Potomac  Railway  in 
Cnmbcrland  County,  Pennsylvania.     Am.  Fhil.  Soc.  Proc,  vol.  13, 1873,  p.  4. 

*The  Cornwall  iron  mine  and  some  related  deposits  in  Pennsylvania.  Am.  Inst.  Mining  Eng.,  Trans., 
ToL  4*1876^  p.  320. 
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These  same  limestonefi  in  Pennsylvania,  which  belong  to  the  Lower  Taconio  series 
of  Emmons,  have  also  afforded  an  undescribed  species  of  Lingala.* 

In  reporting  on  the  Paleozoic  rocks  of  Lehigh  and  Korthainpton 
Goauties  Mr.  Fred.  Prime,  jr.,  states  that  the  very  lowest  beds  of  the 
Potsdam  sandstoDe  are  actaally  pudding-stones,  containing  pebbles  the 
size  of  a  man's  fist  and  larger,  and  fragments  of  red,  unaltered  ortho- 
clase.  The  upper  beds  are  composed  of  a  hard,  compact  quartzite  con- 
taining greater  or  less  quantities  of  feldspar  nodules.  The  sandstone 
often,  as  elsewhere,  contains  Scolithus.'  He  gives  the  geographic  dis- 
tribution of  the  sandstone  as  found  about  the  South  Mountain  in  the 
two  counties  mentioned.    Of  the  upper  Primal  slates  he  says : 

Next  above  the  Potsdam  sand  stone  occur  hydromica  slates,  which  Rogers  has  called 
the  Upper  Primal  slates,  bnt  which  really  form  a  portion  of  the  No.  II  limestone, 
and  gradually  pass  into  this.  They  overlie  the  Potsdam  conformably  and  are  far 
more  persistent  in  their  occurrence.' 

In  the  limestone  he  found  specimens  of  the  genus  Monocratenon  in 
Lehigh  County,  specimens  of  Lingula,  and  a  single  specimen  of  an 
orthoceratite.*  In  the  vicinity  of  Allentown  and  Bethlehem  the  sand- 
stone Is  about  25  feet  thick.  The  contact  between  the  gneiss  and  the 
sandstoneis  distinctly  seen  about  2  miles  from  Allentown,  on  the  Lehigh 
Valley  liailroad  track.  (Prof.  Prime's  paper  was  also  printed  in  the 
American  Journal  of  Science,  under  the  following  title :  '<  On  the  Dis- 
covery of  Lower  Silurian  FossUs  in  Limestone  Associated  with  Hydro- 
mica  Slates,  and  on  other  points  in  the  Geology  of  Lehigh  and  Korth- 
arapton  counties.  Eastern  Pennsylvania.'')* 

The  species  of  Monocraterion  was  described  and  illustrated  by  Prof. 
Prime  in  1878.^    It  is  stated  to  be  from  the  SiluroGambrian  limestone. 

Prof.  Eogers  referred  iit»arly  all  of  the  strata  of  the  South  Mountain, 
southwest  of  the  Susquehanna  Eiver,  to  the  Primal  series.    He  says: 

In  its  geological  constitution  this  tract  is  without  much  variety,  for  it  contain 
scarcely  any  rucks  except  those  of  the  Primal  scries  J 

He  describes  the  ridges  as  composed  of  the  Primal  white  sandstone 
and  the  intervening  valleys  and  plateaus  of  the  Primal  upper  slate. 
These  strata  are  represented  as  very  much  disturbed  and  extensively 
metamorphosed.  This  view  is  not  accepted  by  Dr.  Persifor  Frazer,  who 
says  that  in  his  report  of  1875  (Second  Geological  Survey  of  Pennsyl- 
vania, CG)  it  is  clearly  shown,  both  in  the  text  and  in  the  graphic 
illustrations,  that  the  Potsdam  or  Primal  formation  of  Rogers  is  want- 
ing over  all  that  country  with  the  exception,  perhaps,  of  scMtered 
patches  on  the  northwestern  flank  of  the  South  Mountain  chain," 

1  On  the  history  of  the  crystalline  stratified  rocks.    Am.  Assoc.  Proc.,  vol.  25, 1876,  p.  208. 
*0n  the  Paleozoic  rooks  of  Lehigh  and  Northampton  Counties,  Penusjlvauia.    Am.  Phil  Soc.,  Proc, 
Tol.  17. 1878,  pp.  248, 249. 
s  Op.  clt. ,  p.  249.  «  Op.  oit ,  p.  261. 

*  Am.  Joor.  Sci..  3d  aer.,  toL  IS,  1878,  pp.  261-269. 
•2d  GeoL  Sor.,  Penn.,  DD.  1878,  pp.  79-80. 

'  The  Geology  of  Pennsylvania.    Philadelphia,  1858,  vol.  1,  p.  203. 

*  Frazer,  Persifor,  jr.    (On  the  relations  of  the  South  Mountain  rools  In  Pennsylvania.)    Am.  Inst. 
Mining  Sng.,  Trana.,  toL  7, 1879,  p.  336. 
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In  notiDg  the  discovery  of  the  Marticanticliual  in  Lancaster  Couuty, 
Dr.  Frazer  calls  attentiou  to  its  exposing  fauilameutul  gueiss  and  grau- 
atoid  beds  in  the  new  railroad  cuttings  along  the  left  bank  of  the  Sus- 
qnehanna  River  and  how  it  sheds  off  to  the  north  and  to  the  south  at 
least  16,000  feet  of  Primal  (Cambrian  f)  slates.'  In  a  special  report 
niK>n  the  geology  of  Lancaster  County  the  same  writer  describes  the 
character  and  mode  of  occnrreuce  of  the  ^'Chikis''  quartzite.  The 
actual  thickness  of  the  quartzlte  above  water  level  is  not  much  over 
300  feetw'    Between  the  limestones  and  the  quartzite  there  is,  he  says — 

A  Tast  series  of  bydromica  schists  and  decomposed  ar<;ilIaceous  slates,  which  io- 
aensibly  grow  in  the  deep  more  and  more  chloritio  until  this  mineral  lends  its  color 
as  weU  as  its  name  to  the  larger  part  of  tlie  whole  formation,  but  generally  the 
chloritio  series  is  divided  from  these  naorites  by  a  quartzite.* 

He  says  further: 

A  vast  series  of  slates  intervene  between  the  lowest  rocks  of  all  on  the  Susqae- 
hanna  and  the  formation  last  described.^ 

As  the  result  of  his  survey  of  the  southern  parts  of  Montgomery, 
Bncks,  and  Philadelphia  Counties,  Mr.  Chas.  E.  HalP  decides  that  the 
South  Valley  Hill  hydromica  and  chlorite  slates,  which  were  consid- 
ered by  Prof,  Rogers  as  equivalent  to  his  Primal  of  the  North  Valley 
Hill,  are  not  altered  Primal  slates,  but  no  other  than  a  series  of  slates 
overlying  the  limestones  of  No.  II  or  the  slates  of  the  Hudson  Period. 
He  also  gives  a  description  of  the  Primal  quartzite  of  Rogers,  speaking 
of  it  as  the  Potsdam  sandstone.^  He  gives  his  opinion  of  the  age  of 
the  sandstone  known  as  the  Edge  Hill  Rock,  in  Chester  County,  as 
follows:  **The  Itacolumite,  or  Edge  Hill  Rock,  I  consider  proven,  be- 
yond dispute,  to  be  the  equivalent  of  the  Potsdam  sandstone.''  '^ 

In  a  memoir  ui)on  the  geology  of  the  southeastern  portion  of  Penn- 
sylvania, Dr.  l^ersifor  Frazer  gives  a  summary  of  the  general  charac- 
ters and  geographical  distribution  of  the  Primal  quartzite  and  the  sub- 
jacent and  superjacent  schists.  The  upper  division  of  the  Primal  of 
Rogers  is  referred  to  No.  Ill  or  Auroral,  and  the  chloritio  schists,  sub- 
jacent to  the  quartzite,  are  referred  to  the  Huronian,  the  quartzite  alone 
representing  the  Primal  or  Potsdam  of  Rogers.^  The  geographic  dis- 
tribution of  the  formation  in  Chester,  Lancaster,  York,  and  Adams 
Counties  is  represented  on  the  map  accompanying  the  memoir. 

Pro£  Lesley,  in  his  description  of  the  geology  of  Chester  County, 
after  the  surveys  of  Messrs.  Rogers,  Frazer,  and  Hall  ^  writes : 


'  f Note  on  tho  Hartio  anticlinal  and  on  ripple  marks  on  a  slab  of  limestone].    Am.  PhiL  8oc.,  X*roc., 
▼oL  17, 1878,  p.  725. 

*  The  geology  of  Lancaaler  County.    Second  GeoL  Survey  Fenn.,  Kep.  Prog,  in  1877,  CCC.    Harria- 
bttfg,  1880,p.7. 

'  Op.  eil.t  P*  S>  *  Op.  cit ,  p.  8. 

*  The  geology  of  Philadelphia  County  and  of  the  southern  parts  of  Montgomery  and  Bucks.  Second 
GeoL  Survey  Pa.,  06.,  1881,  pp.  xvli-xviii,  93. 

«  Op.  eil,  pp.  7, 8.  »  Op.  cit.,  p.  xvii. 

*  M6molre  aur  la  Gtologie  do  la  pai  tie  sud-est  de  la  Pennsylvanie.    Lille,  1882,  p.  75. 

*  The  geology  of  Chester  County,  after  the  surveys  of  Rogers,  Fnuser,  and  Hall.    Second  GeoL  Sur. 
Penn.,CCCC;  1S83,  p.viiL 
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Dr.  Frazer  divideH  the  PotBdain  Bandstoue  formation  iuto  an  upper  and  a  lower. 
*  *  *  The  upper,  or  Kennett  rock  division,  he  ideulifies  with  Mr.  Hall's  Edge  Hill 
rock. 

The  lower  is  the  Toughkenamon  division.  Dr.  Frazer  himself  says 
that  the  latter,  or  the  lower  division,  <4s  composed  of  weatLiered  particles 
of  a  gneiss  or  syenite  loosely  compacted  and  laminated.''  The  second  or 
Eennett  rock  is  the  upper  division  and  '^  it  is  a  thin- bedded  rock,  lying 
in  plates  of  fairly  parallel  sides,  composed  of  fragments  of  white  limpid 
quartzite,  and  is  generally  large-grained. " ' 

Prof.  Lesley  quotes  Prof.  Rogers's  description  of  the  Primal  series  as 
it  occurs  at  various  localities  in  the  county,  together  with  many  of 
Dr.  Frazer's  observations ;  stating  that  he  described  three  principal  and 
a  few  very  subordinate  and  doubtful  areas  of  the  Primal  rock  north  of 
the  Chester  Valley.  One  important  conclusion  of  Dr.  Frazer's  is  here 
quoted: 

lu  mentioning  thus  the  **  Primal,"  the  quartzite  and  quartzose  sandstone  alone  are 
considered  here.  It  will  he  seen  further  on  that  abundant  evidence  sustains  the  view 
that  the  greater  part  if  not  all  of  the  weathered  feldspar  porphyries,  conglomerates, 
&c.,  in  the  townships  botli  north  and  south  of  the  Chester  Valley  are  really  Xoirer 
Potsdam,  The  effect  of  this  would  be  to  add  a  border  of  the«e  rocks  to  the  area  of 
the  (silicious)  Potsdam  as  at  present  indicated  on  the  map,  and  thus  contract  by  this 
much  the  remaining  area  of  real  Azoic  or  Hypozoic.^ 

The  report  of  Mr.  E.  V.  D'lnvilUers  upon  the  geology  of  the  8outh 
Mountain  belt  of  Berks  County  contains  an  extended  description  of  the 
''Potsdam"  sandstone,  or  So.  1  of  Rogers's  classification.  The  opening 
l)aragraph  throws  a  doubt  upon  the  correlation  that  has  been  made  of 
this  lower  sandstone  with  the  Potsdam  sandstone  of  New  York : 

It  would  be  safer  to  name  this  formation  the  Reading  Sandstone;  but  in  the  descrip- 
tions of  its  outcrops  along  the  Little  Lehigh,  the  Lehigh,  and  the  Delaware  Rivers, 
in  vol.  I  of  this  report,  it  has  been  called  Potsdam  ^andatone^  taking  for  granted  that 
any  sand  formation  nnderneath  the  Maguesiau  limestones  of  the  Great  Valley  must 
be  the  same  sand  formatiou  which  in  northern  New  York  underlies  the  Corniferons 
[Calciferousf  1,  Chazy,  and  other  limestones  of  the  Mohawk  Valley .^ 

The  lower  sandstone  or  conglomerate  and  the  lower  Primal  slates  of 
Bogers  were  not  recognized  in  Berks  County. 

The  lowest  bed  of  the  sandstone,  always  seen  resting  on  the  gneiss,  is  a  coarse  con- 
glomerate of  angular  quartz  rock  fragments  of  all  sizes  in  a  silicous  paste.  *  «  • 
The  term  suh-Potedam  conglomerate  vfonld.  express  its  position  underneath  the  Pots- 
dam quartzite  white  sandstone  proper,  belonging  to  it  by  conformity,  and  separated 
from  the  gneiss  by  nonconformity.^ 

A  detailed  description  of  the  outcrop  of  the  sandstones  and  their 
general  character  follows.  Certain  areas  of  slate  exist  in  places  be. 
tween  the  sandstone  and  the  Magnesian  limestone  and  are  referred  to 
the  Primal  series.    Where  the  slate  is  not  present  the  limestone  is  im- 

*  Gkiologioal  notes  in  the  several  townships  of  Chester  Coonty.  Second  GooL  Snrv.  Penn.  The  ge« 
ology  of  Chester  County.    C4, 18e8,  p.  307. 

'  The  geology  of  Chester  County,  after  the  surveys  of  Bogers,  Frazer,  and  Hall.  Second  OeoL  Snry. 
Penn.,CCCC;  1883,  p.  158. 

*  The  geology  of  the  South  Mountain  Belt  of  Berks  County.  Second  Geol.  Sunr.  of  Penn.,  DZ,  1883; 
vol.  2,  p.  00. 

•Op.oit.,p.lO«. 
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mediately  above  the  Potsdam  sandstone.    ^'Its  place  in  the  series  is 
uext  above  the  Potsdam  sandstone  formation  No.  I."  ^ 

In  a  lecture  upon  the  geology  of  Pliiladelphia,  Prof.  H.  Carvill  Lewis 
describes  the  Primal  slates  and  Potsdam  sandstone  as  follows : 

On  top  of  the  gneiss  and  at  the  boso  of  that  great  group  of  fossiliferons  rocks  known 
as  the  Paleozoic  System,  is  a  peculiar  formation  in  the  middle  strata  of  which  occar 
the  oldest  fossils  yet  foand  iu  the  vicinity  of  Philadelphia.  The  lower  part  of  the 
formation  is  the  pale  sandy  slate  which  forms  Edge  Hill  and  Barren  Hill,  and  the 
northern  base  of  Chestnut  Hill.  The  slates  are  closely  folded  and  stand  often  almost 
perpendicular.  *  *  *  A  sandstone,  which  from  its  great  development  at  Potsdam, 
N.  Y.,  has  been  named  from  that  place,  overlies  the  slates  and  often  contains  long 
tnbular  fossils,  known  as  8colithu9  linearis,  which  appear  to  be  the  casts  of  worm- 
holes.  *  *  •  On  top  of  this  fossiliferons  sandstone  is  a  scries  of  soft,  iron-bearing 
shales,  often  decomposed  into  variegated  clays,  carrying  extensive  beds  of  iron  ore 
(limonite).' 

The  ''Potsdam''  sandstone  is  described  by  Prof.  Fred.  Prime,  jr.,  as 
it  occurs  in  Lehigh  and  Northampton  Counties.  It  rarely  exceeds  25 
feet  iu  thickness,  and  there  are  no  underlying  rocks  of  any  thickness 
between  it  and  the  unconformably  subjacent  Laurentian  rocks.  The 
Primal  upper  slate  of  Rogers  is  classed  with  the  Silnro-Cambrian  lime- 
stone.^ 

Prof.  J.  P.  Lesley's  hand  atlas  of  the  sixty-seven  counties  of  Pennsyl- 
vania contains  a  description  of  the  rocks  referred  to  the  Potsdam 
quartzite,  No.  I,  of  Rogers,  in  each  of  the  counties  in  which  they  occur; 
and  the  geographic  distribution  is  shown  upon  the  maps  of  the  counties. 
The  text  presents  the  best  general  statement  of  the  distribution  of  the 
strata  now  referred  to  the  Cambrian  in  Pennsylvania  that  has  yet  been 
published.^ 

Prof,  r^esley's  r6snm^  was  followed  in  1886  by  an  important  contri- 
bution by  Dr.  Persifor  Frazer  entitled  ''A  sketch  of  the  Geology  of 
York  County,  Pennsylvania."  In  adopting  the  classification  of  the 
Geological  Congress  for  the  system  he  places  under  the  heading  <'Catn- 
brie"  the  Hellam  quartzite  or  Potsdam  sandstone.^  The  lower  scries 
or  talcose  slates  of  Rogers  are  considered  iu  all  probability  as  identical 
with  the  Azoic  schists;  and  it  is  stated  that  abundant  instances  occur 
of  the  unconformable  contact  of  the  quartzite  upon  the  supposed  equiv- 
alent schists  in  Chester  County.  On  the  geological  map  accompanying 
this  memoir  the  details  and  distribution  of  the  Potsdam  formation  are 
delineated.  The  talcose  schist  of  Rogers,  or  the  upper  member  of  his 
Primal  series,  is  referred  to  the  "Siluric"  as  "hydro-mica  schists."^ 

Dr.  T.  Sterry  Hunt  objects  to  the  interpretation  of  Prof.  Rogers,  that 


■  Op.  cit,  p.  137. 

*Tbe  x^logj  of  Philadelphia.    Franklin  Inst  Jour.,  3d  aer.,  vol.  85,  1883,  p.  425. 
'Geology  of  Lehigh  and  Northampton  Counties.    Second  GeoL  Siirv.  Penn.,  D3,  toI.  1, 1883.  pp.  210, 
212. 

*  A  geological  hand  atlas  of  the  sixty -seyen  counties  of  Pennsylvania,  embodying  ilic  results  of  the 
Verity  field  work  of  the  suryey,  ftom  1874  to  1884.    Second  Geol.  Surv.  Pouu.,  X,  1885,  pp.  czii. 

*  General  notes.    Sketch  on  the  geology  of  York  County,  Pennaylyania.    Am.  PhiL  Soo.,  Proo.,  toL 
28, 1888,  p.  3d8. 

•Op.Qit,p.4M. 
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the  Primal  sandstone.  Auroral  limestone,  andMatinnl  shales  of  central 
Pennsylvania  are  represented  in  southeastern  Pennsylvania.  He  criti- 
cises the  correlation  upon  the  evidence  of  the  presence  of  ScolitUu^  tin 
eariSj  stating  that  he  has  shown  it  to  be  very  distinct  from  that  fouud 
in  the  Potsdam  sandstone.  The  argument  for  this  is  given  in  his  ^^  Azoic 
Rocks  of  Pennsylvania."^  In  a  later  publication  Dr.  Hunt  concludes 
that — 

There  is,  in  fact,  up  to  this  time,  no  evidence  that  the  typical  Potsdam  sandstone 
and  CalciferoQS  saudrock  of  northern  New  York  exist  in  eastern  Pennsylvania;  but 
on  the  contrary  there  are  many  reasons  for  supposing  that  in  this  region,  as  in  east- 
ern Canada  and  along  the  eastern  side  of  the  Champlain  and  Hudson  River  YaUeys,  the 
period  of  these  two  subdivisions  of  the  New  York  system  is  represented  by  the  First 
Graywacke  of  Eaton,  the  Upper  Taconic  of  Emmons,  which,  as  will  be  shown  farther 
on,  is  now  recognized  as  contemporaneous  with  the  typical  Potsdam  and  Calciferous 
subdivisions.  Rocks  supposed  to  represent  this  Graywacke  series  are  fouud  in  the 
great  valley  of  Pennsylvania,  and  these,  together  with  the  divisions  immediately  pre- 
ceding them— namely,  the  Primitive  quartz  rock,  the  Primitive  lime  rock,  and  the 
transition  argillite — which  constitute  the  Lower  Taconic  of  Emraons—are,  as  we  shall 
endeavor  to  show,  represented  by  the  so-called  Primal,  Auroral,  andMatinal  of  the 
southeastern  area.' 

He  refers  the  sandstone,  limestone,  and  shale  to  his  pre-Cambrian 
Taconian  system,  correlating  the  formations  with  the  Granular  quartzit«, 
Granular  limestone,  and  Transition  argillite  of  the  eastern  New  York 
section.  This  correlation,  made  long  before  by  Prof.  Eogers,  is  sus- 
tained by  the  latest  observations.  The  "  Granular  quartz  ^  of  Eaton's 
section  is  known  to  be  of  Lower  Cambrian  age;  the  limestone,  of  the 
Trenton  Ghazy  horizon,  and  the  argillite  is  referred  to  the  Hudson  ter- 
rane.  If  the  correlation  based  upon  lithologic  characters  and  strati- 
graphic  position  by  Messrs.  Rogers  and  Hunt  be  correct,  then  the  quartz- 
ite  of  southeastern  Pennsylvania  is  of  Cambriau  age,  and  the  limestones, 
with  their  superjacent  shales  and  schists,  are  the  equivalents  of  the 
Trenton  and  Hudson  terranes. 

The  statement  that  the  Upper  Taconic  of  Emmons  is  contemporane- 
ous with  the  typical  Potsdam  and  Calciferous  subdivisions  is  no  longer 
sustained,  as  the  Upper  Taconic  of  Emmons  is  mainly  the  Lower  Cam- 
brian of  the  New  York  section. 

In  a  discussion  on  the  rocks  of  Pennsylvania  and  New  York,  Mr.  T. 
D.  Band  ^  mentions  the  Cambrian  of  Chester  Valley,  near  Philadelphia, 
and,  as  undetermined,  the  hydro  mica  schist  of  the  South  Valley  Hill. 
He  states  that  the  Potsdam  ideally  exists  in  between  the  schist  and  the 
limestone,  which  refers  the  schist  to  the  Archean.  The  sandstone  is 
very  thin,  but  it  rests  upon  the  Laurentian  shore  of  the  ancient  ocean, 
which  explains  the  differences  of  thickness  as  compared  with  the  rocks 
to  the  northwest. 

>  Special  report  on  the  trap  dikes  and  Azoic  rocks  of  soatheastern  Penndjivania.    Second  GeoL 
Surv.  Pa.,  E.  1878,  pp.  134-130. 

*  The  Taconic  Question  in  Geology.  Mineral  Physiology  and  Physiography.  A  second  series  of 
ohcQiioiU  and  geological  essays :  1886,  p.  534. 

*  A  discussion  on  the  rocks  of  Pennsylvania  and  New  York.  New  York  Acad.  Set.,  Trans.,  toL  8, 
1889,  pp.  60^  6L 
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MARYLAND. 

A  brief  description  is  given  by  Prof.  P,  T.  Tyson,  in  bis  first  report,' 
of  the  rocks  in  Maryland  referred  to  the  Primal  series  of  Rogers.  Two 
formations  are  referred  to  the  Primal :  (1)  a  hard  sandstone;  and  (2)  a 
slate,  varying  in  color  from  gray  to  brownish  and  greenish.  On  the 
map  accompanying  the  report  the  geographic  distributio:i  of  the  Primal 
series  is  indicated. 

VIRGimA. 

One  of  the  earliest  attempts  to  differentfttte,  by  lithologic  characters, 
the  formations  of  the  Blue  Bidge  of  Virginia  is  on  the  map  of  a  section 
crossing  it  east  of  Winchester.'  The  Transition,  or  blue  limestone,  is 
represented  as  passing  beneath  the  limestone  shale  that,  in  turn,  dips 
beneath  a  gray  schistose  rock.  This  section  is  of  interest  only  when 
interpreted  by  the  later  sections  of  Prof.  Rogers. 

Prof.  William  B.  Rogers  describes  in  the  Second  Report  of  the  Prog- 
ress of  the  Geological  Survey  of  Virginia  the  Primal  series  in  the 
central  counties  of  the  State,  or  of  the  Great  Valley,  as  follows: 

(No.  1.)  This  rock  or  group  of  rocks,  which  is  Areqiiently  exhibited  in  eYtensive 
exposures  along  the  western  side  and  base  of  the  Blue  Ridge,  more  especially  in  the 
middle  conuties  of  the  valley,  is  nsaally  a  compact,  rather  fine-grained,  white  or 
yellowish  gray  sandstone.  Where  resting  on  the  declivity  of  the  ridge  it  presents  a 
gentle  inclination  to  the  northwest — while  the^subjacent  and  more  ancient  strata  of 
the  ridge,  in  almost  every  instance,  dip  steeply  to  the  southeast.  In  Page,  Rocking- 
ham, Angnsta,  and  Rockbridge  counties  this  rock  forms  the  irregular  and  broken 
ranges  of  bills  lying  immediately  at  the  foot  of  the  main  Blue  Ridge,  and  sometimes 
attaining  an  altitude  little  inferior  to  that  of  the  principal  mountain.  A  level  region, 
sometimes  of  considerable  breadth,  and  strewed  profusely'  with  the  fragment-sof  this 
rock,  in  general  intervenes  between  these  rugged  hills  and  the  first  exposures  of  the 
valley  limestone.  *  *  •  Talcose  and  micaceous  matter  make  their  appearance  in 
it.  *"  *  *  This  micaceous  and  talcose  variety  is  sometimes  found  in  the  same  hill 
underlying  the  more  purely  silicions  rock.  The  latter,  in  nearly  all  the  exposures 
from  the  Balcony  Falls  to  Thornton's  Gap,  as  well  as  in  various  other  places,  exhibits 
vagne,  fucoidal  and  zoophytic  impressions  on  the  surfaces  of  bedding,  together  with 
innumerable  markings  at  right  angles  to  the  stratification,  penetrating  in  straight 
lines  to  great  depths  in  the  rock,  and  from  their  frequency  and  parallelism  deter- 
mining its  cleavage  in  nearly  vertical  planes.  These  markings  are  of  a  flattened, 
cylindrical  form,  from  one-eighth  to  one-tenth  of  an  inch  broad,  giving  the  surface  of 
the  fractured  rock  a  ribbed  appearance,  and  resembling  perforations  made  in  sand 
which  have  been  subsequently  filled  up  without  destroying  the  distinctness  of  the 
original  impression.  Precisely  similar  markings  are  found  in  great  abundance  in  the 
white  compact  sandstone  occurring  at  a  higher  point  in  the  series,  associated  with 
numerous  unequivocal  impressions  of  fucoides. 

The  extent  to  which  these  sandstones  are  developed  is  comparatively  inconsidera- 
ble in  the  southern  and  northern  counties  of  the  valley,  and  their  structure  and  com- 
position ore  in  many  respects  materially  changed.' 

I  Pint  Report  of  the  State  AfpionUnral  ChemiBt  of  Maryland.    Annapolis,  1860,  pp.  84,  SS. 

*CleiD8on,  Thos.  O.:  Notice  of  a  geological  examination  of  the  ooimtry  between  Frederick abargh  and 
Wincbeeter,  in  Vlrglnifi,  including  tiie  gold  region.  Geol.  Soo.  Penn.,  Trans.,  voL  1, 1835,  map,  oppo^ 
p.  288. 

'Second  report  of  Ibo  progress  of  the  geological  suryey  of  the  State  of  Virginia,  for  the  year  18ST. 
Richmond,  1838,  p.  IL 
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The  description  of  formation  No.  I  in  the  third  annual  report  is  as 
follows : 

The  lowest  of  the  Appalachian  rocks  consist  for  the  most  part  of  a  close-grain cci 
white  or  light  gray  sandstone,  in  some  places  containing  beds  of  a  rather  coarse  con- 
glomerate of  white  silicious  pebbles.  Near  the  bottom  in  many  instances  a  brown- 
ish slaty  sandstone  occnrs  allernating  with  the  former,  while  towards  tlie  top  or 
approaching  the  next  formation,  the  sandstone  passes  into  reddish  and  brownish 
and  olive-colored  argillaceous  slates. 

This  formation  in  Virginia  is  exclnsively  confined  to  the  western  slope  of  the 
Bine  Ridge  and  the  narrow  belt  of  rugged  hills  and  mount-aius  extending  thence  to 
the  commencement  of  the  valley  limestone.' 

In  a  paper  on  "The  Lower  Silurian  brown  hematite  beds  of  America,'' 
Mr.B.  S.  Lyman  states  that  all  those  beds  seem  to  lie  within  the  Vir- 
ginia and  Pennsylvania  geological  formation  Ko.  I,  wholly  below  the 
Galciferous  Sandrock  of  No.  II.' 

On  the  map  accompanying  the  reprint  of  the  annual  reports  and 
other  papers  on  the  geology  of  the  Virginias,  published  in  1884,  Prof. 
Eogers  has  included  under  one  color,  formations  I  to  III  or  the  Primal, 
Auroral  and  Matinal  series.  On  the  large  series  of  sections,  however, 
the  three  are  differentiated  and  No.  I  or  the  Primal  series  is  shown  in 
sections  1  to  19,  and  also  in  89. 

Prof.  W.  M.  Fontaine  hiis  added  many  details  to  the  section  of  the. 
Primal  series  described  by  Prof,  liogers,  at  Balcony  Fiills  in  Rockbridge 
County.    The  sketch  of  the  Balcony  Falls  section^  is  supplemented  by 
that  of  Rockfish  Gap  and  Harper's  Ferry. 

For  a  further  notice  of  the  results  of  Prof.  Fontaine's  work  the  reader 
is  referred  to  the  description  of  the  Cambrian  rocks  of  Virginia. 

In  a  note  upon  the  Potsdam  or  Primal  group  of  Virginia,  prepared  for 
Macfarlane's  American  Geological  Railway  Guide,  Prof.  W.  B.  Rogers 
puts  as  equivalent  formations  No.  I  of  the  Pennsylvania  and  Virginia 
surveys  or  Primal  of  the  annual  reports  and  Potsdam  group.  The 
latter  is  used  in  the  nomenclature  of  the  rocks  of  Virginia  and  West 
Virginia.    In  tlie  note  explaining  the  Potsdam  group,  he  says: 

The  Potsdam,  or  Primal  gronp,  includes  in  Virginia,  where  complete,  besides  the 
Potedam  proper,  the  ferriferous  shales  next  above,  and  the  slates,  shaly  grits,  and  con- 
glomerates, below  this  formation.  It  is  exposed  in  varying  mass  and  completeness 
on  the  western  slope  and  in  the  west  Hanking  hills  of  the  Bine  Ridge  throughout 
mnch  of  its  length,  often,  by  inversion,  dipping  to  the  southeast,  in  seeming  con- 
formity beneath  the  older  rocks  of  the  Blue  Ridge,  but  often,  also  resting  nnconform- 
ably  npon  or  against  them.  These  older  rocks,  comprising  masses  referable  probably 
to  Huronian  and  Laurentian  age,  include  also  a  gronp  of  highly  altered  beds,  corre- 
sponding apparently  to  the  copper-bearing  or  Keweeuian  series  of  nortliern  Michigan, 
and  perhaps  to  the  lately  described  Diniotian  rocks  of  Wales.^ 

■Report  of  the  proj^ess of  tbo  geological  snrvey  of  YirgiDia,  for  1R38  (Klolimomi,  1639), p  6.  A  re- 
print of  the  annaal  reports  and  other  papers,  on  tho  geology  of  tho  Virginias.  New  York,  18U, 
pp.197. 198. 

*On  the  Lower  Silurian  brown  hematite  beds  of  America.     Am.  Assoc,  Proc.,  vol.  IC.  18C7,  p.  114. 

•  On  tho  primordial  stratA  of  Virginia.    Am.  Jour.  Sci.,  3d  ser.,  vol.  9, 187a,  pp.  SGS-.ICQ. 

'Rogers,  W.  13.  Virginia  and  West  Virginia.  [Geological  formations.]  Macfarlane's  Am.  GeoL 
&.B,Gaide,  1879,  p.  18L 
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It  will  be  noticed  that  Prof.  Rogers  adopts  the  same  reference  for  the 
ferriferous  or  iron-bearing  slates  and  shales  that  his  brother  did  for  tlio 
sapposed  equivalent  formation  in  Pennsylvania. 

Prof.  J.  L.  Campbell  published  two  papers  in  1870,^  in  which  the 
Primal  series  of  Prof.  Rogers  is  described.  The.so  were  followed  in  ISSO 
by  a  revised  description  of  the  Silurian  formation  in  central  Virginia.^ 
His  observations  will  be  noticed  in  the  section  on  the  Cambrian  rocks 
of  Virginia.  In  another  paper  he  gives  a  defln ition  of  the  *'  Primordial^ 
as  follows : 

The  Primordial, — ^The  great  bed  of  ferriferous  sbalea  n\id  saDdstones  skirting  llie 
weatem  base  of  the  Blue  Ridge  from  Tennessee  to  the  Potomac;  in  the  npper  part  of 
formation  No.  I  of  Prof.  Rogers's  Appalachian  series.' 

The  most  complete  and  detailed  description  of  the  formations  re- 
ferred to  the  Primal  series  of  Rogers  is  that  of  Prof.  W.  M.  Fontaine, 
published  in  1883.*  The  section  is  formed  of  conglomerate  at  the  base, 
subjacent  to  shales,  upon  which  the  so-called  Potsdam  quartzito  rests. 
The  upper  member  of  the  Primal  series  is  the  ferriferous  shales.  The 
entire  thickness  of  this  section  is  given  as  2,380  feet,  and  the  data 
given  by  Prof.  Fontaine  will  be  used  largely  in  the  summing  up  of  our 
knowledge  of  the  Primal  serins  in  Virginia.  The  reader  is  referred  to 
that  section  for  further  details. 

In  an  article  upon  the  iron  ores  of  the  valley  of  Virginia,  Mr.  Andrew 
McCreath  divides  the  "  Primal  or  Potsdam  sandstone"  (Primal  or  Pots- 
dam formation)  into  (1)  lower  slates,  (2)  sandstone,  (3)  upper  slate. 

First.  In  the  loioer  slates j  or  those  geologically  uuderiieath  the  Potsdam  sniuUtono 
occnrs  a  red  hemitite  ore,  sometimes  in  beds  of  considorablo  thickness  and  of  good 
quality.  This  is  the  so-called  '^specular  ore  "  of  the  Bine  Ridge,  and  it  has  been  quite 
extensively  developed  at  nnmerons  points,  notably  in  Botetonrt  and  Bedford  Conn- 
ties.  •  •  •  Second.  In  the  Fotsdam  sandstone  itself,  important  beds  of  iron-ore 
have  been  observed.  The  ore  is  generally  a  close-grained,  brittle,  dark  lirown  hem- 
atite, invariably  cold-short.  In  Rockbridge  County  a  bed  of  it  fully  ton  ft*et  thick  is 
exposed  for  a  considerable  distance  on  the  Vesuvius  property.  *  »  •  Third.  The 
upper  slates,  however,  are  by  far  the  most  important  from  an  economical  standpoint, 
forming,  aa  they  do,  one  of  the  richest  repositories  of  brown  hematite  iron  ore  in 
Virginia.  They  intervene  between  the  Potsdam  sandstone  and  the  base  of  the  cal- 
ciferous  limestone,  and  they  are  found  all  along  the  western  slope  of  the  Blue  Ridge — 
being  geologically  coextensive  with  it.  They  are  generally  more  or  lessdieintograted, 
or  decomposed  into  variegated  clays;  and  while  they  may  not  always  carry  acontin- 
nons  ore  bed,  yet,  wherever  the  formation  exists,  deposits  of  iron  ore  of  greater  or 
less  extent  may  be  confidently  looked  for.^ 

■BiluriAn  formation  in  central  Ylrginia.  Am.  Jour.  Sci.,  3d  ser.,  vol.  18, 1879,  pp.  10-29.  Geology  of 
Yirgioia;  Balcony  Falls ;  The  Blue  Kidge  and  Ita  geological  connections.  Some  theoretical  connider- 
ationa.    Ibid. ,  pp.  435^445. 

*The  Silarlan  fonnation  in  central  Virginia  (revised).    The  Yirgioins,  vol.  1,  1880,  pp.  41-45, 54-56. 

*The  mineral  resoarces  and  advantages  of  the  country  a^iiicent  to  the  Janten  river  and  Kanawha 
Canal  and  the  Buchanan  and  Clifton  Forge  Railway.     The  Virginias,  vol.  1,  1880,  p.  3. 

*Kotefl  on  the  minernl  deposits  at  certain  localities  on  tlio  western  part  of  tlie  Blue  Ridge.  The 
Virginias,  vol.  4, 1883,  pp.  21,  22, 42-U. 

■  The  iron  ore*  of  th«  valley  of  Virginia.    Am.  Inst.    Miniug,  Eng.,  Trans.,  vol.  12, 1884,  pp.  18-20. 
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• 

In  tlie  sheet  of  sections  accompanying  "The  Virginias '^  by  Prof.  Wil- 
liam B.  Bogers,  printed  in  1884,  section  9  crosses  the  Primal  series  of 
Rockbridge  County,  about  30  miles  north  of  Balcony  Falls.  On  the 
eastern  slope  of  the  Blue  Eidge  a  small  synclinal  basin  of  the  Primal 
series  is  represented  as  resting  in  a  hollow  in  the  gneiss;  on  the  western 
slope,  the  Primary  series  is  shown  as  it  occurs  in  numerous  sections 
crossing  the  Great  Valley  and  the  Blue  Bidge.  The  editor  of  the  sec- 
tions,  Mr.  Jed.  Hotchkiss,  states  in  the  note  accompanying  them  that  the 
sections  are  "exact  reproductions,  in  so  far  as  the  geology  is  concerneil, 
of  the  sections  as  Prof.  Rogers  left  them."  From  this  it  is  evident  that 
Prof.  Rogers  became  aware  of  the  presence  of  the  Primal  series  on  the 
upper  eastern  slope  of  the  Blue  Ridge  in  Rockbridge  County  after  the 
publiQation  of  the  third  annual  report  in  1839,  as  he  stated  then  that 
the  Primal  rocks  were  confined  to  the  western  side  of  the  ridge. 

Messrs.  J.  L.  and  H.  D.  Campbell,  while  studying  the  geological  re- 
lations of  the  Snowdon  slate  quarries  in  Amherst  County,  on  the  borders . 
of  the  counties  of  Rockbridge  and  Bedford,  discovered  the  presence  of 
the  Balcony  Falls  series  of  Cambrian  rocks  and  found  that  the  quartzite 
passed  beneath  the  slate  of  the  quarries.^  On  the  map  accompanying 
the  paper  (p.  170),  an  ideal  section  shows  the  shales  and  conglomerates 
resting  on  the  gneiss  beneath  the  sandstone,  which  they  have  referred 
to  the  Potsdam  owing  to  its  carrying  Scolithus  borings,  and  above  the 
latter  is  the  slate  belt,  in  which  the  quarries  are  located.  Under  the 
title  of  "Geology  of  the  Blue  Ridge  near  Balcony  Falls,  Virginia;  a 
modified  view,"  Prof.  Campbell  corrects  the  statement  made  in  a  former 
paper,  in  the  American  Journal  of  Science  in  1879,  that  the  rocks  of  the 
southeast  slope  are  of  Archean  age.    He  adds  a  sentence  as  follows : 

We  may  conclnde,  therefore,  that  this  portion  of  the  Blue  Ridge  has  been  formerly 
spanned  by  a  grand  arch,  or  series  of  arches,  of  Cambrian  age,  uptarned  perhaps  at 
the  time  of  their  upheaval — the  broken  fragments  of  which  have  been  carried  away, 
and  only  the  abutments  left  to  tell  the  story  of  a  great  catastrophe.* 

In  a  letter  on  relation  of  Archean  and  associated  formations  in  Vir- 
ginia, Prof.  W.  M.  Fontaine  states  that  he  finds  in  Virginia  a  valuable 
guide  to  the  true  base  of  the  Potsdam  in  the  conglomerates. 

The  lowest  conglomerate  is  not  always  seen.    It  is  often  very  coarse,  with  pebbles 
sometimes  4  to  5  inches  in  diameter,  and  composed  of  Laurentian  or  Hnroniau  ma- 
terial, according  to  the  nature  of  the  anderiyiug  rock.    The  matrix  is  often  shaly  or\ 
slaty. 

It  is  the  conglomerates  overlying  this  stratnm  that  afford  the  best  gnide,  for  they 
may  always  be  seen. 

They  are  simply  pebble  beds  in  the  slate  or  shale.  The  pebbles  are  from  the  size 
of  a  musket  bullet  down,  and  usually  of  quartz,  often  pink  in  color.  The  pebbles 
look  as  if  they  had  been  scattered  over  a  muddy  bottom,  forming  a  very  peculiar 
conglomerate  in  which  all  the  material  except  the  pebbles  is  a  fine  slate  or  shale. 
Sometimes  some  partially  decayed  feldapathic  matter  occurs  with  the  pebbles. 

>  The  Snowdou  slate  qaarriea.    The  Virginias,  vol.  5, 1884,  pp.  162, 163. 

'Qeology  of  the  Blue  Ridge  near  Balcony  Falls,  Virginia ;  a  modided  vio\v.    Am.  Jour.  Soi.,  8d  Mr., 
1884,  vol.  26,  pp.  222, 223. 
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These  shaly  conglamerateSf  as  we  may  call  them,  might  sometimes  he  misfaJcen  for 
certain  amygdalvids  of  the  Nuronian  wheu  the  latter  are  weathered,  bnt  careful  ex- 
aniiaation  will  always  detect  the  differeuoe.  I  have  never  seen  any  shaly  conglom- 
erate iu  the  Hnronian. 

I  am  DOW  of  the  opinion  that  the  conglomerates  at  the  railroad  bridge  at  Harper's 
Ferry  are  these  lower  Potsdam  strata,  bnt  would  require  a  reexamination  of  them 
l>efore  I  make  up  my  mind  positively.  I  am  also  inclined  to  think  that  Frazer's 
Mountain  Creek  conglomerate  is  the  same.^ 

Daring  the  year  1885  Prof.  H.  D.  Oampbell  pablished  a  more  detailed 
account  of  the  discovery  of  the  Potsdam  group  east  of  the  Blue  iiidge. 
A  r6sum^  of  the  section  is  given  as  it  occurs  on  the  northwestern  slope 
of  the  Blue  Kidge  at  Balcony  Falls  for  the  purpose  of  comparing  the 
rocks  as  found  upon  the  southeastern  slope.  On  the  eastern  slope  the 
strata  lie  in  a  basin  of  Archean  rocks  forming  a  synclinal,  a  section  of 
which  practically  reduplicates  the  lower  portion  of  a  section  of  the 
<'  Potsdam  group  "  of  the  western  slope.  A  map  and  figure  of  the  sec- 
tion accompany  the  paper.'  In  a  second  article  in  connection  with  his 
father,  the  Cambrian-Primordial  (No.  1  of  Rogers)  is  described  in  con- 
siderable detail,^  and  mention  is  made  of  the  discovery  of  another  area 
referred  to  the  "Potsdam  group"  on  the  eastern  slope  of  the  Blue 
Ridge,  at  Tyo  River  gap,  in  Nelson  County. 

Prof.  J.  J.  Stevenson  identifies  the  Cambrian  rocks,  crossing  Mont- 
gomery, Pulaski,  and  Wythe  Counties,  as  the  Tjower  Knox  shales  and 
the  Potsdam  of  the  Tennessee  section.  Tinder  the  title  **  Cambrian '' 
he  says : 

Here  are  placed  the  Lower  Knox  shales  and  the  Potsdam.  The  former  are  prob- 
ahly  equivalent  to  the  Hydromica  schists  of  Pennsylvania  and  the  lower  part  of  the 
Calciferous  of  New  York ;  the  latter  is  the  Potsdam  of  Now  York,  vastly  increased  in 
thickness. 

No  fossils  were  observed  in  the  Kriox  or  the  Potsdam  shale  with  the 
exception  of  Scolithus  linearis.  The  geographic  distribution  of  the  for- 
mations referred  to  the  Cambrian  is  shown  on  a  map  accompanying 
the  paper.  Further  reference  will  be  made  to  Prof.  Stevenson's  paper 
in  describing  the  Cambrian  rocks  of  Virginia.^ 

In  a  paper  read  before  the  Geological  Society  of  America  December 
31, 1890,  by  Messrs.  H.  B.  Qeiger  and  Arthur  Keith,  it  is  stated  that 
the  shales  and  qnartzite  at  Harper's  Ferry  represent  the  Hudson  and 
Medina  series  and  not  the  Primal  series  as  stated  by  Profs.  Rogers  and 
FontAine.  They  present  a  number  of  sections  showing  the  stratigraphic 
position  of  the  beds.  In  these  the  normal  succession  is  limestone, 
shales,  and  sandstone.    The  shales  succeed  the  limestones,  and  overlap 

^^— ^— M^^^— ^^^^^1— ■    ■■■■■»■         ■  I  M^     I        ■■■»■■■    ^^a^— 1^^^^  ■  —^^^M  ■  ■  ^^^im^m^m  a^M^— ^»m  ■  ■       ■  i      i  i  ■  i  ■ 

>  (Letter  on  relationa  of  Arcboan  and  associated  fttrmaiions  in  Virginia.)  Geol.  Chester  Co  ,  Pa., 
Sd  Oeol.  Sarv.,  CI,  18^3,  p.  xv. 

*  The  Potsdam  groap  east  of  the  Blue  Ridge  at  Balcony  Falls,  Virginia.  Am  Jonr.  Bci.,  3d  eer., 
^i.  29, 1883,  pp.47(M74. 

s  Review  of  William  B.  Ro$;«^ra'8  Oeology  of  the  Virginias.  Am.  Jour.  Sol.,  3d  ser.,  vol.  30,  1885,  pp. 
364-368. 

«  A  geological  reconnaissance  of  BUnd,  Giles,  Wythe,  and  portions  of  Pulaski  and  Ifontgomery 
Conntiea  of  Virginia.    Am.  PhU.  Soo.  Proc,  vol.  24. 1887,  pp.  86-87. 
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upon  the  pre-Paleozoic  rocks,  the  qaartzite  in  turn  resting  upon  the 
shales.  This  makes  the  limestones  represent  the  Great  Valley  lime- 
stone of  Virginia  or  the  Calciferous-Chazy-Trenton  belt ;  the  shales,  the 
Hudson  series,  and  the  sandstone,  the  Medina  series  of  the  New  York 
section.* 

iKORTH  CAROLINA. 

As  now  known  the  Oambrian  rocks  of  North  Carolina  are  confined  to 
the  extreme  western  boundary,  where  the  Ocoee  conglomerate  and 
Ghilhowee  sandstone  series  extend  across  from  Tennessee.  This  was 
recognized  by  Prof.  J.  M.  Safford  in  his  work  in  Tennessee;  and  Prof. 
W.  0.  Kerr  notes  the  occurrence  of  thin-bedded,  siliceous  slates  at  Paint 
Bock,  on  the  State  line.    He  says  of  them  : 

Tbey  are  called  by  Prof.  SafTord,  the  geologist  of  the  State  of  Tennesaee,  Ghil- 
howee saDdstoues,  and  are  set  down  conjectnrally  by  several  eminent  geologists  as 
Potsdam  sandstone.  They  have  never  yielded  any  fossils  by  which  their  geological 
horizon  might  be  determined.  A  few  very  thin  beds  of  argillaceous  slate  are  found 
inter]>o1ated  here  and  there  between  the  quartzose  strata. 

Passing  np  the  deep  gorge  which  the  river  has  excavated,  the  qaartzites  are  soon 
fonnd  to  be  interbedded  with  and  are  finally  replaced  by  shales  and  grits,  the  latter 
generally  fine,  but  occasionally  approaching  in  appearance  a  breccia  or  conglomerate. 
These  are  succeeded  by  heavy  beds  of  argill.aceous  slates  and  shales,  which  in  turn 
give  place,  at  Warm  Springs,  to  a  heavy  bedded  blue  and  gray  limestone.  This  is 
followed  by  a  calcareous,  compact,  fine-grained  sandstone,  which  presently  passes 
into  a  gray,  much  jointed  quartzite  rising  in  vertical  cliffs  along  the  river  for  2  miles, 
and  succeeded  by  a  well  characterized  coarse  conglomerate  with  bluish  gray  slates 
and  shales,  at  and  below  the  mouth  of  Laurel  River.  A  little  above  this  point  comes 
in  a  very  extensive  and  conspicuous  bed  of  feldspathic  quartzite,  or  potrosilex,  which 
contiuues  for  more  than  a  mile,  and  then  graduates  through  a  gncissoid  rock  into  a 
series  of  gray,  drab,  and  mottled  argillaceous  slates  and  shales.  This  succession  of 
quartzites,  grits,  shale,  limestone,  and  conglouierato  occupies  in  direct  cross  section 
a  space  of  more  than  10  miles.  I  have  elsewhere  referred  to  the  identity  of  this  for- 
mation with  that  which  is  so  conspicuous  on  Valley  River,  and  shall  therefore  call  it 
the  Cherokee  Slates.  They  pass  in  a  northeast  course  up  the  Laurel  Valley  and 
through  the  Smoky  or  Unaka  Mountains  into  Tennessee.' 

In  a  note  on  the  occurrence  of  metamorphic  Silurian  rocks  in  Korth 
Carolina,  Prof.  F.  H.  Bradley  states  that  the  rocks  about  Franklin  are 
of  Lower  Silurian  age,  and  the  marbles  of  Murphy  and  vicinity  are  the 
equivalents  of  the  Knox  limestones  of  Tennessee,  which  are  of  Quebec 
group  age.^  This  statement  of  Prof.  Bradley's  is  noted  here,  as  it  is 
probable  that  the  formations  examined  by  him  are  equivalent  to  those 
exposed  on  the  French  Broad,  between  Warm  Springs,  North  Carolina, 
and  Paint  Kock.  If  so,  they  may  be  of  Cambrian  age.  In  a  paper  pub- 
lished the  following  year.  Prof.  Bradley  refers*  tx)  the  strata  in  the 
vicinity  of  Murphy,  in  southwestern  North  Carolina,  and  t(vkes  the  view 

iBiiU.  Geol.  Soo.  America,  vol.  2, 1891,  pp.  155-163. 

*  Hoport  of  the  Suito  Geolojsist  of  North  Carolina.    Raleigh,  18C0,  p.  20. 

'  Noto  on  the  occuiTcnr.o  of  metamorphic  Silurian  rockfs  in  North  Carolina.    Am.  Jonr.  ScL,  3d  8or.. 
Vol.  8, 1874,  p.  390. 
«  On  the  Silurtan  age  of  the  aouthem  Appalachians.    Am.  Jonr.  Sci.,  3d  aer.,  vol.  0, 1875,  pp.  28G,  382. 
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already  mentioned.  There  is,  however,  more  or  less  of  uncertainty 
in  relation  to  the  identification  of  the  rocks  abont  Marphy  and  on  the 
line  of  the  Hiwassee  River;  so  much  so  that  outside  of  the  recognized 
Chilhowee  strata  I  think  it  would  be  very  hazardous  to  state  that  the 
Cambrian  is  represented  in  southwestern  North  Carolina.  In  bis  de- 
scriiition  of  tbe  stratified  rocks,  Prof.  Kerr  states  that  so  far  as  known 
the  Primordial  is  represented  only  in  it^  lowest  member,  where  it  crosses 
the  northwest  bowler  in  a  few  points  along  the  Smoky  Mountain.^  A 
description  of  the  section  upon  the  French  Broad,  from  Paint  Rock  to 
Warm  Springs,  is  reprinted  by  him  (pp.  138,  139),  with  the  statement 
that  Prof.  Sattbrd  makes  the  Paint  Rock  sandstones  to  be  Cbilliowee 
or  Potsdam ;  the  grits  and  conglomerates  below  and  above  Warm 
Springs  to  be  Ocoee  or  sub-Potsdam ;  while  the  limestone  is  referred 
to  the  Knox  Dolomite,  which  is  above  the  Potsdam.*  He  also  gives 
Prof.  Bradley's  identification  of  the  rocks  that  belong  to  Cherokee 
County  in  the  southwestern  portion  of  the  State. 

TENNESSEK. 

The  classification  adopted  by  Dr.  Gerard  Troost,  in  his  fourth  report 
as  geologist  of  the  State  of  Tennessee,  is  as  follows  :^ 

1.  Primordial,  or  Primitive,  or  Crystalline. 

2.  Transition  or  Fragmentary. 

3.  Secondary  or  Sedimentary. 

4.  Tertiary  or  Tipper  Secondary. 
In  mentioning  this  classification  he  says : 

I  flhonld  have  con  fined  myself  to  the  tvro  (irst  parts  of  this  division,  the  Primordial 
and  Transition  series,  as  tbey  constitnte  the  greatest  part  of  the  district  that  I  have 
examined. 

This  nomenclature  is  used  in  the  fifth  annual  report,  where  he  states 
that  the  Crystalline  Primordial  rocks  form  the  highest  part  of  the 
Appalachian  Chain.  The  line  of  contJict  of  the  Primordial  rocks  with 
the  Transition  or  Fragmentary  coincides  in  a  general  way,  but  not 
exactly  with  the  boundary  line  between  Tennessee  and  North  Carolina. 

The  country  lying  hetwcen  the  Great  Smoky  Mountains  and  the  Cumberland 
Mountains,  or  East  Tennessee,  is  for  tlie  most  part  composed  of  strata  of  grauwacke, 
.  sandstone,  and  limestone  alternating  with  each  other,  and  in  which  organic  remains 
are  rarely  found ;  these  strata  are  highly  iocliuecl,  approaching  in  some  places 
towards  the  vortical,  dipping  more  or  less  towards  southeast  and  running  nearly 
parallel  with  the  Smoky  Mountain  ridge;  they  are  covered  in  several  places  by 
horizoulal  strata  of  limestone  of  a  dark  gray,  approaching  to  a  blade  color,  and  leav- 
ing a  granular  structu  re.  It  is  in  some  places  characterized  by  MaclnrUes,  Le  Sneur, 
Conoinhulariat  nobis,  Isotellus,  Dekay,  and  several  species  of  Calamoporaj  Goldf.  ^ 

On  the  map  and  sections  accompanying  the  report  the  Primordial  or 
Crystalline  aeries  is  colored  blue,  and  the  Secondary  or  Granwacke 


■  Rcpnrt  of  the  gi^oloj^ical  .survey  of  North  Carolina,  vol.  1, 1875,  p.  115.    IlAloigh. 

»Op.cil.,p.1J0. 

*  Fouitli  rt>poi  t  of  tho  geologist  or  the  Slate  ot  Tennessee.    Nnshvillo,  1838,  p. 

*FifVli  geological  report  on  the  State  of  Teuuesaee.    NaaLvilie,  1810,  p.&. 
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series,  composed  of  graawacke,  slaty  graawacke,  saodstODe,  and  liine<- 
stone,  which  extend  from  the  Primordial  series  to  where  they  are  lost 
under  the  Cumberland  Mountains,  is  colored  yellow,  thus  roughly  out- 
lining the  relations  of  the  Cambrian  and  preCambrian  rocks  of  east- 
ern Tennessee. 

Before  publishing  the  Sixth  Annual  Report,  Dr.  Troost  read  Mnrchi- 
son's  "  Siluria,''  and  also  the  observations  of  Prof.  Sedgwick  on  the 
Cambrian  rocks  of  Wales.  In  discassing  the  changes  of  nomenclature 
made  necessary  in  accepting  the  views  of  Messrs.  Murchison  and 
Sedgwick,  he  says : 

After  having  pointed  ont,  in  my  last  report,  the  line  of  junction  of  the  Primordial 
or  crystalline  rocks  in  East  Tennessee,  I  mentioned  that  the  country  west  of  the  line, 
which  separates  Tennessee  from  the  State  of  North  Carolina,  is  composed  of  graa- 
wacke, slate,  limestone,  etc.  All  this  country,  according  to  the  views  of  Murchison 
and  Sedgwick,  belongs  to  a  new  division,  which  they  call  the  Cambnan  system. 

This  series  of  strata  contains  few  organic  remains;  in  fact,  I  have  carefully  exam- 
ined, in  this  respect,  the  Tennessee  strata  and  have  never  discovered  any  in  them.^ 

In  his  attempt  to  identify  the  Cambrian  and  Siluriansy  stems  in 
Tennessee,  he  included  rocks  in  the  Cambrian  system  that,  under  the 
original  definition  of  Sedgwick  for  that  system  in  Wales,  is  surprisingly 
correct.  In  describing  the  geographic  distribution  of  the  Cambrian 
system,  he  says : 

I  consider  the  termination  of  the  Cambrian  System  towards  the  west.  This  system 
commences,  as  already  observed,  about  the  line  which  separates  the  State  of  Ten- 
nessee from  North  Carolina;  and, as  mentioned  in  my  preceding  reports,  is  also,  with 
a  few  exceptions,  the  line  of  separation  between  the  transition  and  primordial  strata. 
It  runs  sometimes  a  few  miles  into  North  Carolina;  sometimes  penetrates,  for  a  few 
miles,  into  Tennessee,  forming  the  great  Unica  or  Smoky  Mountain,  Bald  Mountain, 
andiron  Mountains;  but  the  culminating  ridge  of  this  mountain  chain  is  mostly 
composed  of  the  Cambrian  rocks,  while  south  of  it  the  crystalline  or  Primordial  rocks 
are  found. 

Leaving  this  ridge  in  a  north,  or  rather  northwest  direction,  we  have  a  series  of 
slaty  rocks,  containing  here  and  there  chlorite,  passing  into  talcose  slate— or  into 
quartzite.  This  series  seems  to  be  equivalent  to  Sedgwick's  Lower  Cambrian  series; 
some  extensive  strata,  mostly  of  brown  or  reddish  brown,  fine  grained  limestone 
occur  occasionally  in  this  series;  such  a  stratum  is  seen  about  5  miles  west  from 
the  Primordial  rocks,  crossing,  near  the  Warm  Springs  in  Buncombe  County,  the 
French  Broad  River.  We  have  then  a  series  of  strata  of  slates  and  sandstone,  and 
about  4  or  5  miles  west  of  Newport  a  limestone  stratum  appears  again,  extending 
through  Cocke  and  Sevier  counties,  parallel  to  the  above-mentioned  high  chain.  I 
suppose  the  Lower  Cambrian  system  terminates  there. 

Upou  the  Lower  Cambrian  rocks  follows  another  series.  It  is  composed  of  roofing 
slate,  glossy  aluminous  slate,  aud  sandstone.  A  ridge  of  fine  roofing  slate  crosses 
Sevier  County.  I  believe  that  this  series  commences  with  Star's,  Tellico,  and  Chil- 
howee  Mountains  in  McM inn,  Monroe,  and  Blount  counties,  ranging  parallel  with  the 
great  Smoky  Mountain,  extending  in  a  southeastern  direction  through  Sevier  County. 
I  have  not  been  able  to  trace  it  further  to  the  northeast.  This  series  seems  to  be 
equivalent  to  the  Middle  Cambrian.    •     •     * 

I  consider,  as  stated  above,  that  Bay's  Mountain  forms  the  upper  part  of  the  Cam- 
brian system— OTf  that  it  perhaps  belongs  to  the  Old  Red  sandstone — that  hence  towards 

1  Sixth  annual  report  of  the  geological  sarvey  of  Tenuessee,  by  the  State  geologlat.  KaabviJla, 
841,  p.  4. 


WAL0OTT.1  TENNESSEE.  141 

the  north  of  that  moaataia  chain  another  formation  oonimences,  whioh  is  the  Silurian 
»jf$tem  of  Murchiflon,  and  extends  northward  as  far  as  the  line  which  separates  iLis 
State  from  Virginia — in  fact,  it  continues  into  that  State.* 

In  his  description  of  Sevier  Gonnty  the  rooOug  slateand  other  slaty 
rocks  and  the  non-fossiliferous  limestones  are  referred  to  the  Cambrian 
group.* 

Dr.  Troost  identified  the  Cambrian  group  in  Tennessee  with  that  of 
Wales  entirely  upon  the  lithologic  characters  and  the  absence  of  organic 
remains;  and  upon  the  fact  that  it  was  succeeded  by  a  series  of  lime- 
stones from  which  he  obtained  and  identified  Silurian  fossils.  Although, 
in  the  light  of  our  present  knowledge,  there  were  many  inaccuracies  in 
this  correlation  it  exhibits  a  comprehensive  grasp  of  the  views  ex- 
pressed by  Messrs.  Murchison  and  Sedgwick  and  unusual  clearness  in 
the  correlation  of  the  groups  of  rocks  in  the  two  countries. 

In  a  sketch  of  the  general  geology  of  the  Hiwassee  copper  region 
Prof.  J.  P.  Lesley  describes  the  primary  region  of  the  Hiwassee  and 
Ocoee  Bivers  as  a  southern  prolongation  of  the  metamorphic  rocks 
of  the  Bine  Eidge,  South  Mountain,  and  Highlands  of  the  Middle  and 
Northern  States. 

It  greatly  resemhlcs  in  every  important  geological  particular  the  range  of  the  White 
Hills  in  New  Hampshire.  •  •  •  •  They  are  not  primary  rocks,  granites  or  por- 
phyry,  hut  the  Primal  and  Matinal  sandstones,  shales,  and  limestones  and  cougloui- 
erates  at  the  hase  of  the  older  secondary  series,  haked,  crystallized  and  upturned  in 
ooUapsed  synclinal  and  anticlinal  axes. 

He  describes  the  section  on  the  line  of  the  Ocoee  Eiver  as  formed  of 
slightly  metamorphosed  conglomerate  strata. 

In  places  these  rocks  are  a  simple  pea  conglomerate,  qnartzose,  and  interstratified 
-with  the  hardest  homogeneous  blue  and  gray  grits  and  scarcely  altered.^ 

The  preceding  correlation  was  based  upon  the  view  that  the  strata 
now  referred  to  the  pre-Oambrian  Algonkiau  series  were  metamor- 
phosed Primal  and  Matinal  rocks,  corresponding  in  age  to  the  unal- 
tered Primal  and  Matinal  roQks  to  the  westward.  That  they  might 
form  a  great  group  of  strata  beneath  the  Primal  and  superjacent  to  the 
Primary  proper,  or  Archean,  was  not  at  the  time  entertained  by  the 
writer. 

In  1856  Prof.  J.  M.  Safford  published  his  first  report  of  A  Geological 
fieconnaissance  of  the  State  of  Tennessee,"  in  which  he  classified  the 
formations  as  follows  :^ 

Formation  I. — The  mica  slate  group. 

II. — ^The  Ocoee  conglomerates  and  slates. 
III. — ^The  Ghilhowee  sandstones  and  shales. 
lY. — The  Magnesian  limestone  and  shale  group. 


>  Op.  oit ,  ppA  <L  *  Op.  cit,  p.  28. 

*  First  annual  report  of  the  board  of  directon  of  the  Hiwassee  Mining  Company,  made  May  11, 1853. 
New  York,  1853,  p.  16. 

*  A  (}eologioal  Beoonnaiasanoe  of  Tennessee ;  first  biennial  report    Nashville,  1850,  pp.  151-154. 
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Formations  III  and  IV  were  referred  to  the  Cambrian  system,  and 
the  formations  above  IV  to  the  Siiarian  and  Devonian  systems,  etc. 

The  term  Cambrian  was  nsed  provisionally  to  unite  the  first  two  fos- 
sil-bearing formations.  The  upper  portion  of  formation  Ko.  IV,  or  the 
limestone  member,  was  subsequently,  in  1869,  referred  to  the  Knox 
dolomite. 

This  preliminary  report  was  followed  in  ISGO  by  the  volume  on 
^'Geology  of  Tennessee,"  in  which  all  the  strata  now  referred  to  the 
Cambrian  are  described  in  detail.^  A  map  illustrating  the  geographic 
distribution  of  the  formations  in  the  State,  and  a  transverse  section 
firom  the  North  Carolina  line  west,  showing  the  stratigraphic  relations 
of  the  formations,  accompanies  the  volume. 

In  speaking  of  the  age  of  the  metamorphic  rocks  of  eastern  Tennes- 
see, which  have  been  referred  to  by  various  authors  as  altered  Silurian 
rocks,  Prof.  Safford  says : 

I  have  no  reason  for  believing  that  this  group  within  Tennessee  includes  the 
metamorphosed  beds  of  any  formation  of  more  recent  date  than  the  Ocoee  conglom- 
erate and  slates.  A  portion  of  the  beds  are  certainly  referable  to  the  Ocoee  group ; 
the  remainder,  although  conformable,  may  be  older,  and  most  likely  are.  «  •  • 
In  the  northern  part  of  the  State,  at  many  points,  the  passage  of  the  Ocoee  beds  into 
gneiss  is  gradual  and  apparent.  A  considerable  part,  indeed,  of  our  metamorphic 
rocks  can  be,  I  think^  thus  referred  to  these  beds.  The  question  as  to  the  greater  ago 
of  other  parts  is  not  so  easily  settled,  and  must  remain  open  for  the  present.  I  know 
of  no  sufficient  reason  for  referring  any  of  these  rocks  to  the  lluronian  or  Laurentian 
series  of  Canada.' 

It  will  thus  be  seen  that  the  line  of  demarcation  between  the  pre- 
C&mbrian  rocks  and  the  Cambrian  rocks  has  not  been  closely  defined 
in  Tennessee.  It  is  only  by  comparison  with  the  more  clearly  defined 
line  found  in  the  sections  of  the  Blue  Ridge  in  Virginia  that  we  are  led 
to  consider  that  the  metamorphosed  rocks  belong  to  an  Algonkian 
group  between  the  Cambrian  and  the  Archean.  The  studies  which  are 
now  in  progress  under  the  direction  of  the  Geological  Survey  clearly 
demonstrate  this,  and  give  as  the  base  of  the  Cambrian  a  series  of  sand- 
stones. Where  the  sandstones  and  conglomerates  are  made  up  of  the 
material  derived  from  the  adjacent  Algonkian  or  Archean  rocks  they 
will  necessarily  have  something  of  the  character  of  those  rocks,  and  it 
may  be  difficult  in  many  instances  to  indicate  the  actual  line  of  demarc- 
ation, especially  where  the  basal  beds  have  been  more  or  less  altered 
and  disturbed  by  the  subsequent  folding,  faulting,  and  compression 
that  accompanied  the  Appalachian  uplift. 

As  defined  by  Safford,  Series  II,  or  the  Potsdam  group  of  Tennessee, 
consists  of — 

1.  The  Ocoee  conglomerate  and  slates. 

2.  The  Chilhowee  sandstone. 

3.  The  Knox  group  of  shales,  dolomites,  and  limestones. 

>G«ology  of  ToxmeBsee.    Nashrilie,  1860,  pp.  182-220.  *  Op.  oit,  pp.  17T>  178. 


WAixxrrr.l  TENNESSEE.  143 

As  kuown  to  mo  at  the  present  time  the  dolomites  and  limestone  are 
referred  to  the  Lower  Silarian,  as  the  equivalent  of  the  Calciferons  and 
Chazy  zones  of  the  New  York  section.  This  refers  the  Knox  shale  to 
the  TJp[)er  Cambrian.  Prof.  Saii'ord  states  that  it  is  not  ea^y  to  separate 
lithologically  the  Ocoee  sub-group  from  the  Chilhowee^  as  they  often  run 
into  each  other.  The  distinction  between  the  latter  and  the  Knox  is 
much  more  apparent.^ 

The  Ocoee  Conglomerate, — The  typical  section  of  the  Ocoee  conglom- 
erate in  the  gorge  of  the  Ucoee  Eiver,  is  described  by  Prof.  Sailbrd  as 
follows : 

The  strata  are  well  displayed.  They  are,  in  j;eneral,  coarse  gray  coDglomorates, 
talcose,  ohlorite  and  clay  slates  repeatedly  interstratified,  all  having  a  setni-uiotamor- 
phic  aspect.  The  slates  predominate,  and  of  these,  the  greenish  and  light  bluish  gray, 
or  the  oh loritic  and  talcose  varieties,  are  the  most  abundant.  •  •  *  The  luiddlo 
part  of  the  section  presents  little  conglomerate,  but  in  the  upper  part  it  abounds. 

*    *    *    The  lower  part  of  the  gorge  has  several  bands  of  conglomerate.' 

The  thickness  of  the  Ocoee  formation  was  not  determined.  Provis- 
ionally it  was  estimated  to  be  more  than  10,000  feet  (p.  186).  As  shown 
on  the  map,  the  main  portion  of  the  Ocoee  conglomerate  occurs  south  of 
Nolichucky  Biver.  In  Johnson  County^  in  the  extreme  northeastern  cor- 
ner of  the  State,  it  occurs  as  a  narrow  band  next  to  the  metamorphic 
series.  South  of  the  French  Broad  Kiver,  it  occupies  a  wide  belt  to  the 
Georgia  line.  Prof.  Safitbrd  says  it  is  truly  a  mountain-making  forma- 
tion. 

The  recent  work  of  the  U.  S.  Geological  Survey  has  shown  that  the 
Ocoee  conglomerato  is  of  Silurian  age,  and  it  is  not  to  be  included  with 
the  Cambrian. 

The  description  of  the  Chilhowee  sandstone,  and  Knox  shales  and 
sandstone,  will  be  given  in  the  summary  of  the  present  knowledge  of 
the  Cambrian  rocks  of  Tennessee. 

A  r^snm^  of  the  geology  is  given  in  a  report  upon  the  resources  of 
Tennessee,  by  Mr.  J.  B.  Killebrew,^  which  was  prepared  by  Prof.  Saf- 
ford.  It  is  a  brief  restatement  of  the  character  of  the  formations  as 
described  in  the  '^Geology  of  Tennessee,"  and  the  geological  map  ac- 
companying it  is  based  upon  that  published  in  18G9. 

When  discussing  the  SHuriau  age  of  the  Southern  Appalachians,  Prof. 
F.  H.  Bradley  considered  that  the  Knox  group,  of  Safford,  included  the 
Quebec  group  and  the  Calciferous  ]  the  Chilhowee  sandstone  repre- 
sented the  typical  Potsdam ;  and  the  Ocoee  the  Lower  Potsdam  or  Aca- 
dian group.  He  also  thought  that  the  rocks  of  North  Carolina,  south 
and  west  of  the  Little  Tennessee,  together  with  the  metamorphic  area 
of  Georgia,  north  of  a  line  parallel  with  and  10  miles  south  of  the  Chat- 
tahoochee (and  probably  that  south  of  this  line),  and  the  entire  meta- 
morphic area  of  Alabama,  are  Silurian  ornewer^  with  the  possible  excep- 

I0p.cit,p.l82.  >Op.clt,  p.184. 

*  fiMoaroes  of  Tennessee.    KsehrUle,  1874,  pp  Jft-M. 
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tioD  of  two  or  three  small  patches  not  over  10  miles  Id  diameter.'  A 
description  of  sections  from  Athens  and  Knoxville,  Tennessee,  to  Mar- 
phy,  North  Carolina,  accompany  tiie  paper. 

The  descriptive  notes  and  conclusions  of  Prof.  Bradley  were  followed, 
in  1883,  by  the  expression  of  a  somewhat  similar  view  of  the  age  of  the 
Sonthern  Appalachians  by  Mr.  J.  B.  Elliott,'  in  which  he  concluded  with 
Bradley  that  the  metamorphosed  strata  e&st  of  the  unaltered  Ocoee  and 
other  ''  Lower  Silurian"  rocks  were  formed  of  metamorphosed  strata  of 
the  Knox  section. 

In  the  table  of  formations  accompanying  Macfarlane's  American 
Geological  Eailway  Guide,  Prof.  J.  M.  Saftbrd  arranges  the  formations 
now  referred  to  the  Oambrian  in  the  following  descending  order: 
3b,  Knox  shale. 
3a.  Knox  sandstone. 
2b.  Ghilhowee  sandstone. 
2a.  Ocoee  group. 

He  places  as  equivalent  formations,  following  Dana's  Manual,  the 
Ocoee  and  the  Acadian ;  the  Ghilhowee  and  the  Potsdam;  the  Knox 
sandstone  and  the  Galciferous;  and  the  Knox  shale  and  the  Quebec. 
Thi^  is  the  classification  suggested  by  Bradley.^  The  Metamorphic 
group,  No.  1,  beneath  the  Ocoee  group,  is  correlated  with  the  Archean. 

In  an  attempt  to  assign  to  the  proper  stratigraphic  horizon  the  rocks 
referred  to  the  Cambrian  group  in  the  United  States  and  Canada,  Mr. 
C.  D.  Walcott  correlated  the  Knox  shale  and  sandstone  with  the  Pots- 
dam sandstone.  The  supposed  subjacent  Chilhowee  sandstone  and 
Ocoee  conglomerate  were  referred  to  a  position  corresponding  to  the 
horizonn  of  the  Olenellus  and  Paradoxides  faunas.^  Subsequently, 
references  to  the  two  formations  were  omitted,  pending  an  investiga- 
tion of  their  true  stratigraphic  position.  The  discovery,  in  1889,  of  the 
Olenellus  fauna  in  the  shales  resting  conformably  in  the  Ghilhowee 
series,  thus  verifying  Prof.  Saftbrd's  section,  affirms  the  correlations 
of  1883,  except  that  it  carries  the  Middle  Cambrian  zone  above  the 
Chilhowee  sandstone  and  drops  the  Ocoee,  if  it  proves  to  be  beneath 
the  Ghilhowee  quartzite,  back  into  the  Basal  Cambrian. 

GBORGIA. 

Of  the  Transition,  or  older  fossiliferous  rock  formation,  Mr.  George 
White  said,  in  1849,  that  it  has  been  less  explored  than  any  other  part 
of  the  geology  of  Georgia. 

That  part  of  it  which  extends  from  the  western  base  of  the  primary  rocks  to  the 
Chattoogatta  range  of  moautains,  and  which  forms  the  valley  of  the  Oostanaula 

1  On  the  Silurian  age  of  the  Sonthem  Appalachians.    Am.  Joar.  ScL,  3d  ser.,  toL  9, 1875,  pp.  279, 280. 

*  The  ag«  of  the  Southern  Appalachians.    Am.  Jour.  Sci.,  8d  ser.,  toL  25, 1883,  pp.  282-298. 

*  Tf  nnensee.    (Geological  formations.)   Macfarlane's  Am.  Geol.  B.  R.  Guide,  1879,  p.  196. 

*  Tho  Cambrian  System  in  the  United  States  and  Canada.  Washington  Phil.  Soc,  Bull.,  vol.  6, 1883, 
p.  100.  Second  contribution  to  the  studies  of  the  Cambrian  faunas  of  Korth  America.  U.  S.  G^l.  Sar> 
Tey,  BttIL  No.  30. 1886,  p.  O. 
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River,  belongs  probably  to  tpe  older  aeries  of  the  New  Tork  formations,  as  those  por- 
tions whtoh  have  been  examined  contain  Potsdam  sandstones,  Calciferons  sandroek 
and  limestones  of  the  Trenton  gronp.    Very  few  fossils  have  been  fonnd  in  it.^ 

This  brief  description  is  accompanied  by  a  map,  npoD  which  the  tran* 
sition  or  oldest  fossiiiferoas  formations  are  indicated  by  one  color,  in 
the  northwestern  corner  of  the  State. 

Aa  in  the  case  of  North  Carolina  and  Alabama,  a  long  interval  elapsed 
between  the  first  geological  survey  and  the  renewal  after  the  conclu- 
sion of  the  civil  war.  In  1876  Mr.  George  Little  published  an  account 
of  the  geological  formations  in  Georgia,  to  accompany  Janes's  Hand- 
Book  of  the  State.    He  divides  the  Lower  Silurian  into  two  periods. 

The  hydromica  schists  of  the  copper-bearing  series  of  the  Mobile  mine  and  Duck<- 
town,  and  Ocoee  conglomerates  and  slates  along  the  Ocoee  River  on  the  Teuneasee 
line,  and  on  the  Etowah  River,  near  Cartersviile,  are  the  lowest  in  position  of  the 
rocks  in  the  State,  and  form  a  group  of  (2)  Primordial  rocks  corresponding  to  what 
is  called  the  (sSa)  Acadian  epoch  in  Canada.  The  conglomerate  is  made  up  of  feld- 
spar and  a  bluish  quartz.  The  slates  are  hard  and  siliceous.  This  group  of  rocks  is 
overlaid  in  the  Cohntta  Mountains,  and  on  Pine  Log  Mountain  in  Bartow  County, 
b3'  a  sandstone  called  the  Chilhowee,  from  a  mountain  of  that  name  in  Tennessee, 
corresponding  to  the  Potsdam  sandstone  in  New  Tork,  •  •  •  i^n([  belongs 
also  to  the  (2)  Primordial  period  and  to  the  (26)  Potsdam  epoch.  This  sandstone 
appears  in  the  north  of  Haralson  and  Paulding  counties,  and  in  Yonab  Mountain, 
White  County,  andTallulah  Mountain,  Habersham  County,  being  at  all  these  places 
altered  into  gneiss  by  metamorphism. 

The  next  period,  called  (3)  Canadian,  embracing  the  (a)  CaZci/srotM  •  •  •  of  New 
York,  •  •  •  the  (h)  (Quebec  epoch  in  Canada,  and  the  (o)  Chazy  limestone  of  New 
York,  is  represented  by  imx>ure  sandstones  and  oherty  dolomitic  limestones  in  the  north- 
western counties ;  by  a  sandstone  on  the  western  slope  of  the  Cohntta  Mountains ;  and 
in  the  metamorpbio  r^on  to  the  eastward  and  southward  by  calcareous  schists,  hydro- 
mica  schists,  marble,  and  itacolumite  of  the  Quebec  epoch,  and  by  calcareoos  schists 
of  the  (a)  Calciferons  epoch.' 

This  arrangement  follows  that  of  Prof.  SafiEbrd  in  Tennessee  except 
that  the  Knox  saudstoue  and  the  Knox  shales  are  not  included. 

In  a  work  on  "  The  Commonwealth  of  Georgia,''  prepared  under  the 
direction  of  J.  T.  Henderson^  in  1885,  there  is  a  general  description  of 
the  geology  of  the  State.  The  Acadian  or  the  Ocoee  and  Chilhowee 
formations  and  the  Knox  shales  are  all  recognized.  Beference  to  this 
description  will  be  made  in  the  summary  of  our  present  knowledge  of 
the  Cambrian  rocks  of  Georgia. 

In  the  Tenth  Census  report  a  brief  r6sum6  of  the  geology  is  given 
with  relation  to  the  soils  formed  from  their  decomposition.  In  this  Mr. 
A.  H.  McGntchen  states  that  the  aggregate  thickness  of  the  groups, 
estimating  the  Primordial  at  8,000  feet,  and  taking  the  maximum  thick- 
ness of  each  of  the  higher  groups,  amounts  to  about  20,000  feet.  The 
Primordial  and  Calciferous  are  followed  by  rocks  referred  to  the  Quebeo 

>  Slatittioa  of  the  SUHe  of  Georgia.    SaTunab,  1848,  p.  22. 

'  Little.  GoorgOb  Greologioal  narvey  of  the  State  of  Georgia.  Hand-book  of  the  State  of  Georgia, 
with  geulogie  map  of  Sute.  by  T.  P.  Jane*,  1876,  p.  37. 

"Geology  <of  Georgia).  The  ComoMnwealtb  of  Georgia.  The  oountryli  the  people i  the  produo* 
tinis.    Athuita,  1885.  pp.  73-117. 
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group ;  first  by  about  2,400  feet  of  shales,  and.  then  by  6,000  feet  of 
cherty  limestones^  Combining  these  estimates  we  have  8,000  feet  of 
Primordial  and  2,400  feet  of  shales  corresponding  in  position  to  the 
Knox  shales,  which  gives  a  total  of  10,400  feet  for  the  Gambrian  rocks 
of  Georgia,  as  estimated.  This  paper  is  accompanied  by  a  section 
crossing  Dade,  Walker,  and  Gordon  Counties  in  northwestern  G^rgia. 
The  stratigraphic  relations  of  the  Cambrian  rocks  are  shown  as  they 
occur  in  Gordon  County. 

A  geological  section  of  the  Cambrian  rocks  of  northwestern  Georgia 
has  recently  been  published  by  Mr.  C.  Willard  Hayes  of  the  17.  S. 
Geological  Survey.  It  is  referred  to  in  the  description  of  the  Cambrian 
rocks  of  Georgia.* 


The  report  of  Prof.  M.  Tnomey  for  1868'  contains  a  very  general 
description  of  the  formations  of  the  State,  and  on  the  accompanying 
map  the  Silurian  and  Devonian  formations  are  included  under  one 
color,  BO  that  it  is  impossible  to  differentiate  that  portion  of  the  Silu- 
rian formation  which  has  subsequently  been  found  to  belong  to  the 
Cambrian  group.  In  a  general  north  and  south  section,  showing  the 
disposition  of  the  strata,  the  Silurian  and  Devonian  rocks  are  repre- 
sented as  unconformably  subjacent  to  the  Coal  Measures  and  mountain 
limestone. 

A  long  interval  elapsed  between  the  work  of  Prof.  Tuomey  and  the 
organization  of  the  geological  survey  under  Prof.  Eugene  A.  Smith. 
In  the  report  of  progress  of  the  latter,  for  the  year  1876,  a  general 
description  of  the  geological  formations  of  Bibb,  Shelby,  Talladega, 
and  Calhoun  Counties  is  given.  In  this  area  there  is  a  large  develop- 
ment of  metamorphic  rocks  described  by  Prof.  Smith  in  the  report  for 
1874.*    Of  this  series  he  says : 

On  the  soatheastem  border  of  the  Silnriau  formation  in  Alabama,  from  the  Georgia 
line  to  the  northeast  corner  of  Chilton  County,  a  stratam  of  crystalline  limestone, 
almost  pure  carbonate  of  lime,  may  be  traced  by  its  occasional  exposures.  *  •  • 
Succeeding;  this  limestone  and  apparently  overlying  it  conformably  *  *  *  is  a 
series  of  semi-metamorphic  strata  between  15,000  and  20,000  feet  in  thickness,  strik- 
ing northeast  andsonthwest  and  dipping  at  high  angles  (45^)  southeast.  This  series, 
beginning  below,  is  composed  of  greenish  gray  hydro-mica  slates  (talcoid  slates,  nac- 
reous argillites,  talcose  slates),  passing  upwards  into  a  conglomerate  by  enclosing 
lamps  of  quartz;  these  slates  are  succeeded  by  thick  beds  of  quartzite,  alternating 
with  greenish  chloritic  schists.  The  quartzite  in  places  is  a  thin-bedded  silicioiie 
slate,  again  a  thick-bedded  quartzose  conglomerate,  and  still  again  a  laminated 
qnartzose  or  arenaceous  rock,  not  very  coherent,  and  enclosing  small  grains  of  quartz. 


1  Northwest  Georgia.    (Gheolof^o  description.)    Tenth  GentatlJ.  S.,  rol.  6;  Beporton  Cotton  Pro- 
duction in  the  United  States,  Part  2,  1884,  p.  287. 

*  The  overthrast  faults  of  the  southern  Appalachians.    BaU.  Geo!.  Soo.  America*  YoL  2,  Feb.,  1881, 
p.  143,  pi.  8- 

*  Second  biennial  report  on  the  geology  of  Alabama.    Montgomery,  1858,  pp.  188. 

^Geological  sorTey  of  Alabama.    Beport  of  progreas  for  1874.    Montgomeiy,  Alabama,  1876,  pp. 
21-2ft. 
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This  series  of  qnartzites  in  their  several  varieties  makes  up  the  main  body  of  the 
Bine  Moantains  range  in  Alabama. 

These  strata  are  the  probable  equivalents  in  Alabama  of  the  Ocoee  conglomerates 
and  slates  of  Prof.  Safford,  of  the  Tennessee  survey,  by  him  referred  to  the  Silurian 
B^  underlying  the  Potsdam.  By  Prof.  Sterry  Hant  the  entire  system  of  crystalline 
schists  has  been  referred  to  pre-Silurian  and  pre-Cambrian  age.  My  own  observations 
in  the  field  while  inclining  me  to  the  latter  view,  have  not  been  sufficiently  extended  to 
enable  me  to  form  an  independent  judgment  on  this  point.  •  •  •  Hr.  F.  H. 
Bradley  refers  to  the  Lower  Silurian  all  the  metamorphio  rocks  of  North  Carolina  as 
far  east  as  Franklin.^ 

This  metamorphic  belt  is  apparently  the  same  as  the  altered  Silarian 
rocks  of  Prof.  Bradley,  as  stated  by  Prof.  Smith,  and  also  of  the  altered 
rocks  forming  the  northward  extension  of  the  Blue  Ridge  through  Ten- 
uessee,  Virginia,  and  Maryland  into  Pennsylvania,  where  it  forms  the 
South  Mountain. 

In  the  report  for  1875  Prof.  Smith  states  that  he  has  followed  the 
Tennessee  subdivisions  as  found  in  Prof.  Safford's  published  volume.' 
Under  the  caption  of  "  Lower  Silurian,"  the  Primordial  or  Gambrian 
period  is  divided  into  (1)  Acadian  epoch  and  (2)  Potsdam  epoch.  The 
Acadian  slates  and  conglomerates  of  Talladega  County  are  considered 
to  be  the  exact  equivalents  of  Safford's  Ocoee  slates  and  conglomer- 
ates.^ The  direct  superposition  of  the  sandstone  referred  to  the  Pots- 
dam,  upon  the  Acadian  slates,  is  not  well  shown  in  Alabama.  The 
formation  consists  of  fine-grained  conglomerate,  heavy-bedded  sand- 
stone, and  sandy  shale.  The  most  characteristic  markings  of  the  rocks 
of  this  formation  are  the  sandy  rods,  caused  by  the  filling  in  with  sand 
of  the  burrows  of  a  marine  worm,  Scolithis  linearis.^ 

The  Knox  sandstone  and  Knox  shales  are  referred  to  the  Canadian 
period,  thus  following  Prof.  Safford's  arrangement  in  Tennessee.  The 
Knox  sandstone  is  considered  to  rest  upon  the  sandstone  referred  to 
the  Potsdam,  but  no  contact  of  the  two  formations  in  such  a  position  is 
known  to  him.  The  sandstone  is  a  calcareous  sandstone  associated  with 
hard  calcareous  shales. 

The  Knox  shales  are  very  similar  to  those  of  Tennessee,  and  succeed 
conformably  the  Knox  sandstone.  The  line  between  the  Knox  shale 
and  the  Knox  dolomite  is  difficult  to  draw  since  the  lower  part  of  the 
dolomite  contains  beds  of  blue  limestone  similar  to  those  in  the  upper 
part  of  the  shale.  This  report  contains  much  detailed  information  of 
the  strata  referred  to  the  Cambrian  in  Alabama,  and  will  be  principally 
used  in  the  description  of  the  Cambrian  rocks  of  that  State. 

In  a  paper  on  the  iron  ores  of  Alabama,  with  special  reference  to 
their  geological  relations.  Prof.  Smith  states  that  the  i^otsdam  sand- 
stone frequently  contains  large  amounts  of  iron,  principally  as  limonite. 
In  the  Kahatchee  hills,  in  Talladega  County,  the  sandstone  is  some- 
times impregnated  with  iron  in  the  form  of  specular  ore  or  as  magnetite. 

>Op.cit.,pp.2l,22. 

*  B«port  of  profcreM  of  the  Keologioal  suTTey  of  AlAbsma  for  1875.    Montgomoiy,  1876^  pp.  7,  & 

•0|».eit..p.l27.  «0p.eit,p.l4. 
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Small  5ed8  of  limonite  are  found  in  the  Knox  sandstone  and  Knox 
shales.^  In  1878  the  same  writer  published  an  outline  of  the  geology 
of  Alabama  accompanied  by  a  map  of  the  State,  based  upon  that  of 
Tnomey,  published  in  1858,  Of  the  age  of  the  metamorphic  rocks  he 
says  that  until  further  examination  he  leaves  the  question  of  age  an 
open  one,  except  in  two  instances,  in  which  he  believes  at  least  a  part 
of  them  are  metamorphosed  Silurian  beds.* 

The  classification  and  general  description  of  the  formations  is  essen- 
tially the  same  as  that  contained  in  the  reports  of  1874-^75. 

In  a  report  on  the  physieo-geographical  and  agricultural  features  of 
Alabama,  Prof.  Smith  notes  the  character  of  soil  produced  by  the  rocks 
of  the  different  formations,  from  the  Potsdam  to  the  Goal  measures.^ 
This  paper  was  also  printed  in  a  general  description  of  the  State  of 
Alabama,  in  vol.  6,  of  the  Tenth  Census.^ 

A  brief  description  of  the  Cambrian  rocks  of  Alabama  is  given  by 
Prof.  Eugene  A.  Smith,  in  a  report  on  the  geological  structure  and  de- 
scription of  the  valley  region  adjacent  to  the  Gahaba  coal  field.'  A 
summary  of  it  is  given  in  the  description  of  the  Oambrian  rocks  of 
Alabama. 

References  are  made  to  the  geology  of  Alabama,  in  a  general  way, 
by  Dr.  T.  S.  Bunt,  Prof.  Smith,  and  various  mining  engineers,  but  I 
have  not,  with  the  exception  of  the  preceding  notice,  met  with  original 
contributions  to  the  knowledge  of  the  Cambrian  rocks,  since  the  pub- 
lication of  Prof.  Smith's  detailed  description. 

FALBONTOLOOT. 
NOBTUSRN  APPALACHIAN  DISTRICT. 

The  first  discovery  of  fossils  In  rocks,  now  referred  to  the  Lower 
Oambrian,  was  made  by  Dr.  Asa  Fitch."  In  the  summer  of  1844  he 
found  trilobites  in  a  black  slate  in  Washington  County,  !N'ew  York, 
which  was  referred  by  Dr.  E.  Emmons  to  the  Taconic  slate  or  Argillite 
(1  of  Eaton).  Dr.  Fitch  sent  the  fossils  to  Dr.  Emmons,  who  described 
from  them  two  species  of  trilobites  under  the  names  of  Ataps  trilineatus 
and  Elliptoceplialtis  asaphaides,''  Believing  that  the  rocks  in  which  the 
trilobites  occurred  were  unconformably  beneath  the  Potsdam  sandstone, 

1  The  iron  ores  of  Alabama,  with  special  reference  to  their  geological  relations.    Aul  As80&  Pioo., 
Tol.  27. 1878,  pp.  247, 248. 

'  Outline  uf  the  geology  of  Alabama.    Bemey's  Hand-Book  of  Alabama,  1878^  p.  140. 

'  (Geological  features  and  divisions  of  Alabama.)    Geol.  Survey  of  Alabama.    Beport  for  1881  and 
1882, 1883,  pp.  178-181 ;  192-210. 

*  General  description  of  the  State  of  Alabama.    Tenth  Census  U.S.,  voL<l    Beport  on  cotton  pro- 
duction in  the  United  States,  part  2, 1884,  pp.  lOHtO. 

■  Geological  Survey  of  Alabama.    Beport  on  the  Cahaba  coal  field,  part  n,  1890,  pp.  148-150.    (Issued 
January,  1891.) 

"  A  Historical,  Topographical,  and  Agricultural  Survey  of  the  (bounty  of  Washington.    Trans.  N.  Y. 
state  AgHc.  Soc.  for  1819, 1850,  p.  866. 

'  The  Taconic  System,  based  on  obMnraliona  in  New  York,  Massaohusetts,  Vermont^  and  Bhod* 
Island,  p.  20, 21    Albany,  1844. 
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Dr.  Emmons  called  them  the  oldest  kuown  fossils  in  Amerioa.  la  the 
same  work  Dr.  Emmons  described  FtLcoides  rigidaj  F.flexuosa^  Oordia 
marina^  IHplograptus  simplejCj  and  others  of  Silarian  (Ordovician)  age 
that  he  referred  to  the  Taconic  system. 

The  second  description  of  fossils  was  made  by  Prof.  James  Hall  in 
the  Paleontology  of  New  York,  vol.  1, 1847.  Under  the  title  "  Descrip- 
tion of  fossils  of  the  Hudson  River  group,"  the  following  species  were 
described  as  new:.  Orbicula  ccelata  (p.  290),  Orbiculat  eraaaa  (p.  290), 
Avicula  f  deaquamata  (p.  292),  Theca  f  fi^iangularia  (p.  313),  Metoptoma  f 
rugosa  (p.  306),  Palaeophyeus  virgatus  (p.  263),  and  Agnostus  lohatus  (p. 
258).  A  description  and  figures  are  given  of  Olenus  asaphoides^  Em- 
mons, on  pages  256,  257,  pi.  67,  figs.  2a-o.  In  a  later  publication^  he 
identified  Conocephalus  and  Olenus  from  the  Bed  Sandrock  formation 
of  Highgate,  Vermont,  but  did  not  assign  them  to  a  geologic  horizon. 
In  studying  a  collection  sent  to  him  by  Rev.  Zadock  Thompson,  Prof. 
Hall  determined  and  described  Olenus  thompsonijO.vermantanajPeltura 
(Olenus)  holopyga^  referring  them  to  the  Hudson  River  group.'  He 
supported  this  reference  by  the  statement  that  Sir  William  Logan  re- 
ferred the  shales  containing  the  fossils  to  the  upper  part  of  the  Hudson 
River  group.  In  1860^  he  proposed  the  genus  Barrandia,  to  include 
Olenus  thompsoni  and  0.  vermontana.  The  genus  Bathynotus  was  estab- 
lished to  include  Olenus  (Peltura)  liolopyga.  In  1861^  the  reference  of 
these  trilobites  was  changed  from  the  Hudson  River  group  to  the  Quebec 
group ;  and  a  little  later  a  strong  defense  was  made  of  the  reference  of 
the  fossils  of  the  Georgia  slates  to  the  Hudson  River  and  Quebec  groups, 
the  authority  of  Sir  William  E.  Logan  for  the  stratigraphic  position  of 
the  rocks  being  cited.'  Discovering  that  the  proposed  generic  name, 
Barrandia,  was  preoccupied,  he  substituted  the  name  Olenellus  in  1862.° 
This  is  the  first  introduction  of  the  name  which  is  now  given  to  the 
Lower  Cambrian  fauna. 

The  last  reference  of  Prof.  Hall  to  the  fanna  is  the  proposal  of  the 
genus  Discinella  for  what  he  considered  to  be  a  small  brachiopod,  but 
which  iu^'estigation  proves  to  be  the  operculum  of  Hyolithellus  micansJ 

In  notes  on  the  fossils  of  Washington  County,  Dr.  Asa  Fitch'  de- 

— —  —  — -* ■ —  _  _ 

*  Hall,  JMne»:  Letter  on  oertaSn  fossils  of  the  red  sandrock  of  Highgste.  8d  Annual  Report  on  th® 
Geology  of  the  State  of  Vermont.    BarlinKton,  1847,  p.  81. 

'  Remarks  upon  the  trilobites  of  the  shales  of  the  Hudson  River  groap.  Paleontology  of  New  York, 
▼ol.  3,  sapplement  to  vol.  1, 18S0,  pp.  526-529. 

'Note  upon  the  trilobites  of  the  shales  of  the  Quebec  group  in  the  town  of  Georgia^  Vennont. 
13th  Annual  Report  State  Cab.  Nat  Hist.,  1860,  pp.  113-119.  Report  upon  the  geology  of  Vermont,  voL 
1, 1861,  pp.  367-372. 

4  HaII,  James ;  Correction  for  the  13th  Ann.  Rep.     14th  Ann.  Rep.  SUte  Cab.  Nat  Hist.,  1861.  p.  110. 

*  HaU,  James :  Letter  on  the  Primordial  of  America.  Soo.  g6ol.  France,  BulL,  2'86r  voL  19,  1862, pp 
72S-734. 

"  Supplementary  note  to  18th  Ann.  Rep.  Stote  Cab.  Nat  Hist  N.  Y.  15th  Ann.  Rep.  State  Cab.  Nat 
BistN  Y..  1802,  p.  114. 

'  Notes  on  some  new  and  imperfectly  known  forms  among  the  hrachiopodai  etc  23d  Ann.  Rep.  N. 
Y.  Sute  Mas.  Nat  Hist.,  1878,  p.  246. 

*  A  Historical,  Topographical,  and  Agricultural  Survey  of  the  County  of  Washington.  Tnyts.  N.  T. 
State  Agrlo.  Soc  for  1849, 1850L 
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scribes  PaUeophyeus  rectus  (p.  862),  Buthotrephis  (f)  asferoides  (p.  8G3), 
Belminthoidichnite8  tenuis  (p.  866),  from  the  slates  now  referred  to  the 
Lower  Cambrian.  He  also  mentions  Palceophycus  virgatvs  Hall,  Butho- 
trephis [%)flexuosus  Emmons  (p.  862),  and  Oordia  marina  of  Emmou& 
as  Helminthoidichnites  marina  (p.  868). 

The  faana  of  the  '^  Bed  saudrock"  of  Vermont  was  first  discovered 
by  Prof.  0.  B.  Adams  in  1847,^  who  sent  the  specimens  to  Prof.  James 
Hall.  The  latter  identified  Gonocephalns,  bnt  did  not  refer  the  fossils 
to  any  geological  horizon.  Prof.  Adams  in  1848^  mentions  the  Gono- 
cephalus  and  also  an  Atrypa,  like  Atrypa  hemispherica  (equivalent  to 
Gamer ella  f  antiquata  Billings). 

Mr.  E.  Billings,  as  paleontologist  to  the  Geological  Survey  of  Oanada, 
took  up  the  study  and  correlation  of  the  older  paleozoic  faunas,  and 
was  the  first  to  assign  the  fossils  described  by  Prof.  Hall  to  a  pre«Pots- 
dam  horizon  and  to  correlate  the  strata  containing  them  with  the 
Upper  Primal  sandstones  of  Pennsylvania,  and  the  limestones  of  the 
Straits  of  Belle  Isle.' 

In  1861  he  described  a  number  of  Lower  Silurian  fossils  from  the 
<^  Potsdam  group  "  of  Vermont  and  assigned  the  following  species  to  the 
horizon  of  Paradoxides  thompsani  of  Hall :  PaUeophyeus  congregatuSj  P. 
inoipiens,  Obolella  {Kutorgina)  cingulata^  Orthisina  festinata^  Camerella 
antiquatayOonooephalites  adamsij  0,  teueer^  Cvulcanus^  C.arenosus. 

A  little  later  he  published  a  note  on  the  ^'  Bed  sandrock  "  formation 
of  Vermont,^  in  which  he  refers  the  formation  to  the  base  of  the  Lower 
Silurian  somewhere  within  the  horizon  of  the  Potsdam  and  identifies 
Gonocephalites  from  the  formation.  In  reprinting  in  1865  the  article 
published  in  1861'  he  correlates  the  primordial  fauna  of  the  ^^  Bed  sand- 
rock  "  of  Vermont  with  that  of  Newfoundland  and  Labrador,  and  refers 
them  to  the  Potsdam  group,  stating 'that  there  is  no  paleontological 
evidence  of  precise  similarity  of  age,  but  the  general  affinities  and  scope 
of  the  fossils  and  the  physical  relations  of  the  rocks  prove  that  there 
can  be  no  great  difiference. 

Under  the  title  ^^  On  some  new  species  of  fossils  from  the  limestone 
near  Point  Levi,  opposite  Quebec,"*  Mr.  Billings  described  the  fauna 
collected  by  the  Geological  Survey  of  Ganada  from  the  limestone  con- 
glomerate. He  designated  the  rocks  simply  as  Limestone  Nos.  1,  2,  3, 
and  4,  not  recognizing  at  the  time  that  the  bowlders  were  transported 
and  imbedded  in  a  secondary  deposit ;  and  that  the  fossils  in  thebowl- 

>  Sd  Annnal  Report  on  the  geology  of  the  State  of  Vermont.    Batlington,  1847,  pp.  81. 
*0n  the  TMonlo  rocks.    Am.  Joar.  Soi.,  ad  ser.,  voL  ft,  1848,  p.  100. 

*  PaleoBolo  foeaila,  voL  1.    Containing  deacripUons  and  figures  of  new  or  little  kaoim  apeoiea  of  or- 
ganic remains  from  the  Silurian  rooks.    1860-1865.  Montreal,  186S,  pp.  1, 2. 

*  Billings,  S. :  On  the  age  of  the  Bad  sandstone  formation  of  Yermont    Am.  Jonr.  SoL,  Sd  aer.,  yoL 
S2, 1861,  p.  232. 

*  Billiogs,  B. :  Paleioie  Fossils,  toI.  1, 1865,  p.  871. 

*  On  some  new  species  of  fossils  tnm  the  limestone  near  Point  LeW,  opposite  Qnebeo.    Canadian 
Kat,  TOL  8v  1860^  PP^  301-324. 
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ders  were  of  Upper  Cambrian  age  while  those  of  the  limestone  ma« 
trizy  which  resembled  in  character  the  limestone  of  the  bowlders,  was  de- 
IKisited  in  sitn,  and  carried  the  Oalciferous  fanna.  As  far  as  I  have 
been  able  to  separate  the  species  by  a  stndy  of  the  material  from  the 
bowlders  and  the  limestone  matrix  the  following  may  be  referred  to  the 
Upper  Oambrian  or  Potsdam  fanna:  Camerella  caldferal^  Agnostus 
americanusj  A,  orton,  A.  ctmadensiiy  Dikelocephalus  magnifieus^  D,  ptani- 
/rans^  D.  helliy  D.  oweni^  D.megalap8j  D.  cHstatus^  Arionellua  cylindriousy 
A.  subdavaiuSy  Menoeqphalua  $edgi(4oki^  M,  gU>bo9U8j  Oanocephalites  zen- 
Iceri,  Amphus  ilUenaides, 

Mr.  T.  Deyine«  of  Quebec,  having  discovered  several  nearly  perfect 
trilobites  in  the  conglomerate  limestone  at  Point  Levi,  described  two 
species  of  them.  One  as  dlenua  f  loganij^  the  other  as  Menocephaltu  sal- 
ieri,*  In  a  foot-note  accompanying  the  description  of  Olenus  f  logani 
Mr.  Billings  states  that  the  species  is  nnqaestionably  congeneric  with 
those  which  he  had  described  as  Dikelocephalua  heUi  and  D.  oweni  from 
the  same  locality. 

To  the  species  described  firom  Point  LJBvi  in  1860  Mr.  E.  Billings 
added  in  1865'  IHkeloc^halus  devineij  2>.  hisingerij  D.  affinis^  D.  sesos- 
iriij  D,  selectuSj  and  2>.  pauper.  He  also  figured  in  this  connection  Ole- 
nus t  logani,  Devine  and  Menocephalus  salteri,  Devine. 

In  1872  Mr.  Billings  returned  to  the  study  of  the  fossils  of  the  older 
Paleozoic  rocks  and  described  one  new  genus  and  several  species  found 
in  bowlders,  of  several  beds  of  conglomerate  at  St.  Simon,  below  Qut*- 
bec,  as  follows:  The  genus  Obolellaand  the  species  OMella gemma Skud 
O.  circej  Platyceras  primwvumj  Hyolithes  americanusj  H,  communis^  R. 
princepsj  H.  mioans.  On  page  240  of  the  same  volume  the  genus  Hyo- 
lithellus  is  proposed  for  the  species  Hyolithes  mioans;  and  on  page  351 
he  notes  the  discovery  of  Salterella  pulchella  in  the  Winooski  marble 
of  Vermont.* 

The  Cambrian  fauna  of  northern  Vermont  was  further  enlarged  in 
1884  by  Prof.  E.  P.  Whitfield*  describing  Orthisina  orientalis  (p.  144), 
Nothozoa  vermontana  (p.  144),  Dikelocephalus,  marcoui  (p.  150),  and 
Angelina  hitchcocki  (p.  148);  all  of  which  were  referred  by  him  to  the 
horizon  of  the  Potsdam  sandstone. 

The  oldest  Phyllopod  crustacean,  Protooaris  marshi,  was  described 
by  Mr.  O.  D.  Walcott*  in  1884  from  the  Georgia  slates  of  Vermont, 

'  DeacripUon  of  a  new  trilobite  from  the  Qaebeo  group.    CanAdian  Nat.,  toL  8, 1863,  p.  9& 

*Op.cit.,p.210. 

'  Paleozoic  Fossils,  toL  1. 1866,  pp.  lOS-200. 

*  On  some  new  speoies  of  Potsdam  fossils.    Canadian  Kat,  toL  6,  new  ser.,  1872,  pp.  213-226, 240. 
Note  on  the  dlscoYery  of  fossils  in  the  "Winooski  Marble"  at  Swanton,  Vermont.    Am.  Joar.  Sol., 

8d  ser..  toL  S,  1872,  p.  145.    Canadian  Kat,  new  ser.,  yoI.  6, 1872,  p.  351. 

*  Notice  of  some  new  species  of  Primordial  fossils  in  the  collections  of  Uie  Musenm,  and  correction 
of  previonsly  described  speoies.    Am.  Mus.  Nat.  Hist  BnlL,  yoL  1, 1884,  pp.  180-154. 

*  On  the  Cambrian  firanaa  of  North  America  i  preliminary  studies.    U.  S.  OeoL  SorYcy,  BalL  No.  10, 
1804,  p.  60. 
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where  it  is  foaud  Id  associatioQ  with  Olenellus  thompsoni  and  0.  rermon- 
tana.    The  latter  was  referred  to  the  new  genos  Mesonaois  in  1885.^ 

Mr.  S.  W.  Ford  began,  about  1868,  a  stady  of  the  rooks  and  fossils 
of  the  hills  east  of  Troy,  New  York,  from  which  vicinity  the  first  fossils 
of  tiie  Olenellus  fanna,  fonnd  in  New  York,  were  obtained.  These 
were  described  by  Prof.  Hall,  in  1847,  and  referred  by  him  to  the  Had- 
son  Biver  groap.  Entering  into  correspondence  with  Mr.  E.  Billings, 
and  comparing  the  fauna  he  fonnd  at  Troy  with  that  from  below  Que- 
bec, referred  by  Mr.  Billings  to  the  Lower  Potsdam,  he  concluded  that 
the  strata  containing  the  fanna  at  Troy  shonld  be  referred  to  an  equiv- 
alent horizon.  In  his  first  paper^  he  mentions  finding  eighteen  species, 
eight  of  which  are  referred  to  described  species  and  ten  remained  to  be 
described.  Mr.  Ford  published  a  number  of  papers  from  1871  to  1885,^ 
in  which  he  described  the  rocks,  and  fossils  found  in  them,  that  occur 
near  Troy,  and  also  a  little  south  of  Bchodack  landing,  in  Columbia 
County,  K.  Y.  The  fossils  described  by  him  are :  ProtocyathuM  rarum, 
Arcliceocyathus  rensseUericum^  Oholella  nitidaj  Scefiella  retusaj  HyoUihes 
emmonsiy  H,  i'mpar,  Agnogtus  nobiliSj  Leperditia  troyensigj  Mierodiscus 
meekij  M.  speciosusj  and  Solenapleura  nana.  One  of  the  most  interest- 
ing of  Mr.  Ford's  studies  is  that  on  the  embryonic  development  of 
Olenellus  asaphaides.  From  the  data  thus  obtained  he  decided  that 
the  Olenellus  fauna  followed  the  Paradoxides  fauna  in  time.^ 

*  Paleozoic  notes ;  new  genos  of  Cambrian  trilobitea  Mesonaois.    Am.  Joar.  Soi.,  3d  ser.,yoL  29, 188S, 
pp.  32^-330. 

*Ford,  S.  W.:  Notes  on  the  primonlial  rocks  in  the  Ticinitylpf  Troy,  New  York.     Am.  Jonr.  SoL,  3d 
ser.,  vol.  2, 1871,  pp.  32-34.    Canadadiao  Nat.,  new  ser.,  toI.  6, 1872,  pp.  200-212. 

*  Descriptions  of  some  new  species  of  primordial  fossils.     Am.  Jonr.  Sci.,  3d  ser.,  yoL  3, 1872,  pp.  419^ 
422. 

On  some  new  species  of  fossils  from  the  Primordial  or  Potsdam  gronp  of  Bensselaer  County,  New 
York.    Am.  Jonr.  Soi.,  3d  ser.,  vol.  5,  1873,  pp.  211-215. 

Remarks  on  the  distribation  of  the  fossils  in  the  Lower  Potsdam  rocks  at  Troy,  New  York,  with  de. 
scriptions  of  a  few  new  species.    Am.  Jour.  Soi.,  3d  ser.,  rol.  8, 1873.  pp.  134-140. 

Note  on  the  discovery  of  a  new  locality  of  primordial  fossils  in  Rensselaer  County,  New  York. 
Am.  Jonr.  Set.,  3d  ser.,  VoL  9. 1875,  pp.  204-206. 

On  additional  species  of  fossils  from  the  primordial  of  Troy  and  Lansingburg,  Rensselaer  County, 
New  York.    Am.  Jonr.  Sci..  3d  ser.,  vol.  1 1 ,  1876,  pp.  369-371. 

Note  on  Microdiscus  speciosus.    Am.  Jonr.  Sci.,  3d  ser.,  vol.  13, 1877,  pp.  141, 142. 

On  some  embryonic  forms  of  trilobites  from  the  primordial  rocks  at  Troy,  New  York.    Am.  Jonr. 
Sci.,  3d  ser.,  vol.  13, 1877,  pp.  265-273. 

Two  new  species  of  primordial  fossils.    Am.  Jour.  Sci..  3d  ser.,  voL  15, 1878,  pp.  124-127. 

Note  on  Linffulella  ecclata.    Am.  Jour.  Sci.,  3d  ser.,  vol.  15, 1878,  pp.  127-120. 

Note  on  the  development  of  OUneUua  cuaphoidet.    Am.  Jonr.  Soi.,  8d  ser.,  voL  15, 1878,  pp.  12d,  130. 

On  certain  forms  of  Brachiopoda  occurMng  in  the  Swedish  primordiaL  Am.  Jour.  Sci.,  8d  8er.,vol.  15, 
1878,  pp.  364-366. 

Note  on  the  trilobite  A  tops  tnUneattia  of  Emmons.    Am.  Jour.  Sci.,  3d  ser.,  vol.  19, 1880,  pp.  162, 153. 

Remarks  on  the  genus  Obolella.     Am.  Jonr.  Sci.,  3d  ser.,  vol.  21, 1881,  pp.  131-134. 

On  additional  embryonic  forms  of  trilobites  i^om  the  primordial  rocks  of  Troy,  New  York.    Am. 
Jour.  Sci.,  3d  ser.,  vol.  22,  1881,  pp.  260-250. 

Note  on  the  discovery  of  primordial  fossils  in  the  town  of  Stuyvesant^  Columbia  Oonnty,  New  York. 
Am.  Jour.  Sci.,  3d  ser.,  voL  28, 1884,  pp.  35-37. 

«  Embryonic  forms  of  trilobites  from  the  primordial  rocks  of  Troy,  New  York.    Am.  Jour.  ScL,  8d 
■er..  YoL  22, 1881,  pp.  260-268i 
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Id  1886  Prof.  William  B.  Dwigfht  annoanced  tbe  discovery  of  the 
fauna  of'tbe  Potsdam  zone  in  limestone  near  Ponghkeepsie,  New  York. 
He  gives  a  list  of  eleven  species  as  follows :  ^ 

LiDgnlepis  pinnaformis.  Ptychoparia  (Conocephalites)  n.  ep. 

LingulepiB  minima.  Dikelocephalas  sp. 

Lin^alepis  acuminata  (probably).  Ptyobaspis  sp. 

Obolella  (Lingnlella)  prima.  Stroniatucerinm  f 

Obolellasp.  Remains  of  crinoid  colnmns. 
Platyceras  sp. 

The  review  of  the  Olenellns  or  Lower  Cambrian  fauna  by  Mr.  0.  D. 
Walcott  in  1886  '  resulted  in  the  description  of  the  following  species 
from  Vermont :  Climaeograptus  t  emmonsi  (p.  93),  Orthisina  transversa 
(p.  121),  Scenellaf  varians  (p.  127)  and  Microdisaisparlceri  (p.  167).  This 
was  followed  in  1887^  by  an  account  of  the  discovery  of  a  number  of 
new  species  of  fossils  from  the  Upper  Taconic  slate  of  Enimpns  in 
Washington  County,  New  York.  The  new  species  described  are  as 
follows : 

Lin g n  1  ella  gran  villensis.  Leperdi tia  (I )  dermatoides. 

Liunarnsonia  taconioa.  Microdiscna  oonnexas. 

Ortbis  salemensis.  Olenoides  foj  Ji 

Modiolopsis  (fT)  prisca.  Soleuoplenra  (f )  tnmlda. 

Hyolithellus  micans,  var.  rngosa.  Pfcyoboparia  (f )  fitchi. 

Aristozua  rotundata.  P.  (f )  clavata. 

In  describing  a  section  of  the  Cambrian  rocks  in  northern  Vermont 
notice  is  taken  by  Mr.  Walcott  of  the  occurence  in  the  upper  beds  of  a 
fauna  resembling  that  of  the  Upper  Cambrian  or  Potsdam  zone.^ 

In  a  paper  announcing  the  discovery  of  the  fosoiliferous  strata  of  the 
Paradoxides  zone  at  Stissing  Mountain,  Dutchess  County,  New  York, 
Prof.  W.  B.  Dwight^  identified  Ryolithes  MUingsi  f  (p.  143)  and  described 
as  new  Leperditia  ebenina  (p.  144),  Kutorgina  stissingensis  (p.  145),  and 
Olenoides  stissingensis  (p.  147),  correlating  the  fauna  with  that  of  the 
Middle  Cambrian  of  the  Becky  Mountain  province. 

In  a  review  of  the  Lower  Cambrian  fauna  by  Mr.  C.  D.  Walcott,  pre- 
pared for  the  Tenth  Annual  Beport  of  the  U.  8.  Geological  Survey,  a 
number  of  new  species  and  genera  are  proposed,  most  of  which  are  de- 
scribed in  a  preliminary  paper  published  in  the  Proceedings  of  the  U. 
8.  National  Museum.^  These  are  Archceocyathus  dwighti  (p.  34),  Plan- 

*  Becent  explorations  in  tbe  Wappinger  Valley  limestone  of  Dotohess  County,  Kew  York.  No.  6; 
BisoOTery  of  foBsIliferons  Potsdam  strata  at  Poughkeepsie,  New  York.  Am.  Jour.  Set.,  3d  ser.,  yol. 
Sl«  1888,  p.  131. 

'  Second  con  tribe  tion  to  the  stndiee  of  tbe  Cambrian  fknnas  of  North  America.  IT.  S.  GeoL  Surveyt 
BulLNo.30,1886. 

*  Fanna  of  tbe  "  Upper  Taconic  "  of  Bmmons,  in  Washington  County,  New  York.  Am.  Jour.  SoL, 
Id  ser.,  vol.  3i,  1887,  pp.  187-190. 

*  Second  eoDtrlbution  Co  the  studies  of  the  Cambrian  faunas  of  North  America.  XT.  S.  Geo!.  Surrey, 
BulL  No.  80, 1886,  pp.  17, 19. 

■Becent  explorations  in  the  Wapplnger  limestones  and  other  formations  of  Dutchess  County,  New 
York.    Am.Jour.Scl-,3d  ser.,  vol.  38, 1889,  pp.  139-158. 

*  Deseriptive  notes  of  new  genera  and  spedes  of  tlie  Lower  Gambriam  or  Olenellns  Mme  of  North 
Ameriea.    U.  a  Nat.  Mus.  Proc.,  toL  12, 1889,  pp.  83-46. 
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olitea  annularius  (p.  34),  Agnostus  desideratus  (p.  39),  and  Zacanthoides 
eatoni  (p.  45),  from  Washington  County,  and  Camerella  minor  (p.  36), 
from  Dutchess  County,  New  York;  Kutorgina  cingulataj  var.  swanto- 
nemis  (p.  36)  from  northern  Vermont. 

In  1890  the  following  new  species  were  described :  *  Trachyum  vetustumj 
Dawson,  from  Metis,  Canada;  Phyllograptus  cambrensiSj  from  Georgia, 
Vermont;  Stenotheca  (f)  rugosa  var.  €unitaco8ta,  erecta^  and  UviSj  Pla- 
tyceras  dawsonij  from  St  Simon,  Quebec;  Olenoides  ellai^  from  below 
Quebec, Canada;  O, desiderata^ from  Highgate Springs,  Vermont;  Cono- 
coryphe  reticulata^  from  Washington  County,  New  Yorkj  Ftychaparia 
metisensis  and  Agr aulas  redpatki^  from  below  Quebec. 

BOUTHEBN  APPAJLAOHIAN  DISTBIOT. 

NEW  JBR8ET,   RTO. 

The  Cambrian  fauna  of  New  Jersey,  Delaware,  Pennsylvania,  Mary- 
land, and  Virginia  is  thus  far  restricted  to  the  presence  of  the  Annelid 
boring  Scolithus  linearis.  It  is  extremely  probable  that  trilobites  and 
other  fossils  will  be  found  in  the  Granular  Quartzite  series,  or  the  basal 
quartzite  and  the  immediately  superjacent  shales  and  limestones. 

TEITMSSSRB. 

The  Cambrian  fauna  of  Tennessee  consists  of  Scolithus  linearis  tubes 
found  in  the  Chilhowee  sandstone;  while  in  the  shales  just  above  the 
sandstone  occur  numerous  Annelid  trails,  a  species  of  Hyolithes  like 
H.  americantiSj  an  Ostracod  crustacean,  Isoocys  chilhoweanaj  and  a  spe- 
cies of  Olenollus  closely  allied  to  Olenellus  thompsoni  and  0.  asaphoides 
in  that  portion  of  the  head  preserved.' 

From  the  upper  part  of  the  Knox  shale  Prof.  J.  M.  Safford'  has 
named,  without  description  or  illustration,  several  specieS|  as  follows: 

Crepicephalns  Bimilis,  Safford. 

roanensis,  Safford. 

tennesseensiB,  Safford. 
Lonohocephaloa  fecandas,  Safford. 
AgDOstas  aroanns,  Safford. 
LlDgala  prima  f    Conrad. 

Quite  a  large  fauna  occurs  at  this  horizon  in  the  collections  of  the 
Geological  Survey  which  has  not  yet  been  studied  with  care.  As  far 
as  examined  it  appears  to  be  of  the  tiype  of  the  Upper  Cambrian  of  the 
Mississippi  Valley. 

1  Wftloott,  0.  D. :  The  fanna  of  the  Lower  Cambrian  or  Olenellns  ioxm.    10th  Ann.  Bep.  U.  S.  GeoL 
Snrv..  1890,  pp.  58a-856. 

*  Ibid.,  p.  026. 

•  ecology  of  Tennesaee.    Nashville,  1800,  p.  212. 
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GEORGIA. 

A  trilobite  was  sent  to  the  great  exhibition  in  London  in  1851  said 
to  be  found  somewhere  in  Georgia.  Mr.  J.  W.  Salter^  describes  the 
8i)ecies  as  Oonocephalus  antiqimtus^  comparing  it  with  0.  8triatu8  of  the 
Primordial  rocks  of  Bohemia.  The  exact  locality  from  which  this  spe- 
cies came  was  not  known  until  collections  were  made  in  northwestern 
Georgia  by  the  U.  S.  Geological  Survey  in  1885.  It  was  then  found  to 
be  associated  with  a  fauna  much  like  that  of  the  Middle  Oambrian  fauna 
of  the  Rocky  Mountains.  The  specimens  occur  in  and  upon  siliceous 
ooucretions  imbedded  in  the  Ooosa  Valley  shales  of  Floyd  Gounty  and 
to  the  southwest  in  Alabama. 

A  second  species  was  described  by  Mr.  O.  D.  Walcott  in  1889  as  Ole- 
naides  curticei.  It  occurs  on  and  in  siliceous  concretions  found  in  the 
shales  of  the  Goosa  Valley.* 

BOOKT  MOUNTAIN  PBOYINOB. 

The  area  of  Gambrian  rocks  in  this  province  includes  the  Oambrian 
outcrops  of  northern  and  western  Utah,  Nevada,  eastern  Idaho,  and 
the  Gallatin  River  district  of  Montana.  The  Ganadian  extension  is  con- 
sidered separately. 

UTAH  AND  KBVADA. 

During  the  progress  of  the  geological  survey  of  the  fortieth  parallel, 
under  the  charge  of  Mr.  Glarence  King,  Prof.  F.  B.  Meek  described  two 
species  of  trilobites  from  Antelope  Spring,  Nevada,  Pardoxides  (f)  neva- 
densis  and  Conoooryphe  {Conocephalitea)  hingi^  referring  them  to  the  Pri- 
mordial zone.' 

in  the  following  year  Prof.  J.  D.  Whitney  exhibited  before  the  Gali- 
fomia  Academy  of  Sciences  some  fossils  that  had  been  collected  by  Mr. 
J.  E.  Glayton  near  Eureka,  Nevada.  He  referred  them  to  the  age  of  the 
Potsdam  sandstone,  identifyiog  Agraulos  aweni^  M.  and  H.,  or  a  species 
closely  resembling  it;  Lingulepis  prima^  Obolellay  Oonoeoryphe^  Para- 
doxidesj  etc.^  A  note  on  the  occurrence  of  the  Primordial  fauua  in 
Nevada  was  also  sent  to  the  American  Journal  of  Science  by  Prof. 
Whitney.  In  this  he  mentions  the  occurrence  of  certain  Primordial 
species,  and  the  persistence  with  which  these  constantly  recurring  tri- 
lobites and  brachiopods  are  found  at  various  localities.  In  Bohemia 
they  occur  in  argillaceous  shales;  throughout  the  United  States,  from 
New  York  to  theBocky  Mountains;  in  the  Potsdam  sandstone,  or  in 
shales  or  slates;  in  Texas,  and  now  in  Nevada,  in  limestones.' 

1  On  the  foMilB  of  the  LingnU-flaga  or  *'  Zone  Piimordlale."    Quart.  Joar.  Geo!  Soo.,  London,  toL 
16,1BB9.  P.564. 

*  Dencriptiona  of  new  genera  and  apeciea  of  fossila  from  the  Middle  Cambrian.    IT.  S.  National  ICn- 
Honm  Proc.,Yol.  11,  1889,  p.  448. 

*  De«criptiona  of  foeails  collected  by  the  United  States  Geological  Surrey,  under  the  charge  of  Clar- 
snc€  King,  eeq.    Phila.  Acad.  SoL,  Proo.,  toI.  22,  1870,  pp.  02-4M. 

*  (On  aome  foaaila  from  Sareka,  Nevada.]    California  Acad.  Sol.,  Proe.,  toL  4, 1871,  p.  200. 
■HoteoBihoooonmnceof  the  "Primordial  Fauna"  in  Nevada.    Am.  Jour.  Soi.,  3d  ser.,  toI,  I^ 

1871^  p.  «w 
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In  the  Sixth  Annual  Report  of  the  U.  S.  Geological  Survey  of  the 
Territories,  Prof.  F.  H.  Bradley  states  that  his  section  along  the  Wa- 
satch range  of  Utah  is  not  complete.  The  bedded  quartzites,  referred 
to  the  Potsdam  from  the  character  of  the  overlying  strata,  rest  uncon- 
formably  upon  the  '^  Metamorphic."  No  fossils  were  found  in  the 
quartzitc  or  in  the  superjacent  gray  and  calcareous  shales.  The  lime- 
Ktone  above  the  shales  is  referred  to  the  Niagara.^ 

During  the  progress  of  the  survey  west  of  the  one  hundredth  merid- 
ian Mr.  G.  K.  Gilbert  visited  the  Anteloi>e  Spring  locality,  discovered 
by  Mr.  J.  E.  Clayton,  and  mentioned  by  Prof.  Whitney  when  calling 
attention  to  the  Primordial  fossils  found  there.  The  fauna  occurs  in  a 
blue  gray,  calcareous  shale,  some  200  feet  iu  thickness.  In  addition  to 
the  species  described  by  Mr.  Meek,  he  collected  Bathyurellus  {Asaphis- 
ctM)  wheeleri,  Agnostns,  and  Discina.  Beneath  the  blue  gray  shales  is 
a  massive  gray  limestone,  900  feet  in  thickness,  superjacent  to  a  vit- 
reous sandstone.'  From  our  present  knowledge  of  the  Cambrian  rocks 
in  Nevada,  the  gray  limestone,  blue  gray  shales,  and  an  upper  gray 
limestone  some'200  feet  in  thickness  all  belong  to  the  Cambrian. 

The  section  of  the  Oquirrh  rang^e  at  Ophir  City,  Utah,  was  found  by 
Mr.  Gilbert  to  have,  near  its  base,  100  feet  of  light  gray  limestone  con- 
taining Conocoryphe  and  Dikelocephalus.  Subjacent  to  this  a  mas- 
sive limestone  with  coralline  mottling  extends  downward  some  300  feet 
to  an  argillaceous  shale,  in  which  Mr.  J.  E.  Clayton  found  Olenus  gil- 
herti?  At  the  south  end  of  the  Timpahute  range  of  eastern  Nevuda 
Mr.  Gilbert  also  discovered  a  succession  of  shales  and  sandstones,  in 
which  he  found  Conocoryphe  in  the  lower  portion,  and  above,  a  band 
of  purple  ripple-marked  vitreous  sandstone,  with  bands  of  siliceous 
shale.^  The  descriptions  of  Olenus  {Olenellus)  gilberti  and  O.  (0.)  how- 
elli  of  Meek  are  printed  on  pages  182  and  183  of  Mr.  Gilbert's  report. 

In  the  same  volume  Mr.  E.  E.  Howell  states  that  at  Pioche,  Nevada, 
the  massive  quartzite  forming  the  base  of  the  section  is  subjacent  to 
about  400  feet  of  arenaceous  and  calcareous  shales  of  a  reddish  yellow 
color,  containing  in  the  more  calcareous  portions  several  types  of 
Primordial  fossils  in  great  abundance.'  From  the  material  found  by 
Mr.  Howell,  Mr.  Meek  described  two  species  of  trilobites,  Olenellus 
howelli  and  0.  gilberti. 

On  the  map  accompanying  the  Wheeler  survey  reports,  published 
in  1874,  the  Cambrian  rocks  are  included  under  the  same  color  with 
those  of  the  Silurian. 

1  Report  of  Frank  H.  Bradley.  geolosUt  of  the  Snake  River  diviaion.  IT.  S.  GeoL  Sorr.  of  the  Terr., 
Qth  Ann.  Rup.,  1873,  p.  lOi. 

*  Report  on  the  geology  of  portions  of  Nevada,  Utah,  California^  and  Ariaona^  examined  In  the  years 
1871  and  1872.  Report  on  Geog.  and  Geol.  BxpL  and  Survey  weet  of  the  100th  meridian,  in  charge  of 
Lient  Goo.  M.  Wheeler,  voL  S,  Geology,  1875,  p.  107. 

S0p.cit.,pp.l00,ie7. 
«Op.cit.,p.  169. 

*  Report  on  the  geology  of  portions  of  Utah,  Nevada,  Ariaona,  and  New  Mexioo  examined  in  the 
years  of  1872  and  1873.  Rept.  Geog.  and  Geol.  Expl.  Sor.  weat  of  the  100th  mer .,  ia  ehar^  of  Lieut. 
Geo.  M.  Wheeler,  voL  S,  Geology,  187S,  p.  258. 
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A  reconnaissance  of  the  northwestern  portion  of  the  Wasatch  Moun- 
tains in  Utah  was  made  by  Prof.  F.  H.  Bradley  in  1872.  He  foand  that 
the  crest  and  eastern  slopes  are  composed  of  quartzite  and  limestone. 

The  former,  a  white  and  ferrnginous  qaartzite,  1,500  feet  in  thick- 
ness, was  referred  to  the  Potsdam,  and  a  band  of  superjacent  gray 
calcareous  shale,  1,000  to  1,200  feet  thick,  to  the  Lower  Silurian.  The 
section  as  arranged  by  Prof.  Bradley  is  as  follows :  ^ 

3.  Bine  and  gray  magnesian  limestoueSi  partly  pebbly,  \  Upper  f  and 

1,900  to  2,000  feet >      Lower 

4.  Gray  calcareoas  sbales,  1,000  to  1,200  feet ;    Silurian. 

5b  White  and  ferraffinoaB  qaartzite,  base  pebbly,  1,500  l^  ,  , 

feet JPotedam. 

Under  the  title  of  *^  Paleozoic  subdivisions  of  the  fortieth  paral- 
lel" Mr.  Clarence  King  describes  the  strata  referred  to  the  Cambrian 
system.  This  includes  12,000  feet  of  qnartzites  and  argillites  in  the 
Big  Cottonwood  Canon  section  of  Utah,  superjacent  to  which  is  a  shaly 
zone  some  75  feet  in  thickness,  carrying  well  defined  Primordial  fossils. 
He  says : 

Comparing  the  qnartzites  and  argillites  with  those  of  the  Cambrian  section  in 
Wales,  the  likeness  is  too  great  to  pass  unnoticed,  and  in  view  of  the  enormons  de- 
yeloproente  of  these  low-lying  rooks,  as  compared  with  the  Silurian  lying  above  the 
Primordial  horizon,  I  have  determined  to  draw  a  line  at  the  upper  limit  of  the  Pri- 
mordial period  to  include  the  uppermost  members  of  the  Potsdam  epoch  and  to  con- 
sider the  whole  underlying  conformable  series  as  Cambrian  down  to  the  point  of 
their  nonconformity  with  the  Archean.  In  the  extreme,  east  of  our  work,  in  the  re- 
gion of  the  Bocky  Mountains,  the  Cambrian  formation  is  of  variable  thickness  and 
nowhere  reaches  an  exposure  of  over  100  feet.  In  middle  Nevada  the  uppermost  zone 
of  the  Cambrian,  equivalent  to  the  calcareous  and  argillaceous  shales  of  the 
Wahsatch,  is  an  immense  body  of  dark  limestones  at  least  3,000  feet  in  thickness 
carrying  Primordial  fossils  throughout;  the  downward  continuation  of  the  series 
being  there  entirely  hidden  by  the  overlying  Quaternary  desert.' 

This  general  definition  of  the  Cambrian  is  accompanied  by  a  list  of 
the  fossils  described  by  Messrs.  Hall  and  Whitfield. 

The  Cambrian  section  of  Big  Cottonwood  Canon  referred  to  by  Mr. 
King  is  described  by  Mr.  S.  F.  Emmons  with  more  detail.^  On  the 
west  side  of  Box  Elder  Peak,  near  the  little  village  of  Call's  Fort,  in 
a  body  of  dark  blue  argillaceous  slates  in  the  lower  portion  of  the  Ute 
limestone  body,  Mr.  Emmons  states  that  the  following  fossils  of  the 
Quebec  group  were  found:  Dikelooephalus  wasatchensisy  D.  gothicusy 
Crepicephalus  (LoganelltLs)guadranSy  Aud  Lingulepis  ella,*  In  the  sec- 
tion cm  Muddy  Canon,  within  25  feet  of  the  base  of  the  series,  occurs  a 
body  of  calcareous  shales,  interstratified  with  narrow  beds  of  a  dark, 

1  Bzploratlona  of  1872 ;  United  States  Geological  Sarvey  of  the  Territories,  under  Dr.  F.  Y.  Hayden ; 
Snake  RiTer  diyision.    Am.  Jour.  SoL,  3d  ser.,  toI.  6, 187S,  p.  104. 

*  King,  Clarence;  Paleoiolc  subdivisions  on  the  40th  paralleL  Am.  Jour.  Sci.,  8d  ser.,  toL  11, 1878,  p. 
478. 

■  Haipte,  Andd,  and  &  F.  Bmmons:  DescrtptiTe  Geology.  U.  S.  QeoL  BzpL  of  the  Fortieth  Par.i 
▼ol.  2,  1877,  pp.  368, 807. 

«Op.Git,p.406w 
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fine-grained  limestone,  which  contains  abandant  organic  remains. 
Two  species  were  recognized,  Dikelocepkalus  quadriceps  and  Oonocep- 
phalites  aubcoronatus,^  The  reference  of  the  fossils  at  Call's  Fort  and 
Mnddy  Gallon  to  the  Quebec  group  was  on  the  authority  of  the  paleon- 
tologists. More  recent  studies  of  this  fauna,  by  Mr.  Walcott,  in  con- 
nection with  the  section  at  Big  Cottonwood  Caiion  prove  that  the  fauna 
mentioned  at  these  localities  is  a  portion  of  the  Middle  Cambrian  fauna, 
and  that  tbe  Upper  Cambrian  strata  are  absent  in  the  section  by  non- 
deposition. 

In  the  Weber  Cafion  region  of  the  Wasatch  Mountains,  800  to  1,000 
feet  beneath  limestonas  referred  to  the  Devonian,  there  were  obtained 
from  a  shaly  limestone  three  forms  of  trilobites,  which  Mr.  Emmons 
thought  probably  indicated  the  horizon  of  the  Potsdam  group.  One 
was  identified  as  Ogygia parabola  and  another  as  Crepicephalus  allied  to 
C7.  diadeinatus.* 

[n  the  Oquirrh  Mountains,  at  Ophir  City,  Utah,  the  section  discloses 
a  thickness  of  about  400  feet  of  compact  reddish  white  Cambrian 
quartzite,  above  which  are  about  100  feet  of  greenish  yellow  clay  slate, 
in  which  numerous  trilobites  and  primordial  fossils  occur.' 

In  the  Sch ell  Creek  Mountains  of  Nevada  there  are  limestones  in 
which  primordial  fossils  have  been  found  overlying  heavy  bodies  of 
quartzite.  Among  the  organic  remains  of  this  range  two  species  have 
been  identified :  Crepicephalus  {Loganellus)  anytus  and  Lingulepis  mosra.* 

At  the  northern  end  of  Pogonip  Ridge,  of  the  White  Pine  Mountains 
of  central  Nevada,  Mr.  Arnold  Hague  mentions  the  presence  of  obscure 
outcrops  of  mica  slates  and  black  arenaceous  and  argillaceous  slates 
and  shales,  in  turn  overlaid  by  an  undetermined  thickness  of  a  compact, 
vitreous,  steel-gray  quartzite,  closely  resembliug  the  Cambrian  quartz- 
ites  of  other  Nevada  localities.  Above  this  quartzite,  and  forming  the 
lower  beds  along  the  greater  part  of  the  ridge,  occurs  the  Pogonip  lime- 
stone, which  extends  to  the  top  of  Pogonip  Mountain,  with  a  thickness 
of  from  3,000  to  4,000  feet  of  strata.  They  dip  with  an  angle  of  24P  to 
30^  eastward.  The  lower  beds  are  a  fine-grained,  somewhat  siliceous, 
black  limestone,  varying  considerably  in  compactness  and  bedding,  and 
frequently  passing  into  calcareous  shales.  Higher  up  in  the  series,  they 
develop  more  of  a  dark  blue  color,  banded  with  layers  of  fine  arena- 
ceous limestones  and  occasional  cherty  bands  a  few  inches  in  thickness.* 
From  the  lower  beds  of  the  limestone  series  he  collected  thirteen  species 
of  Upper  Cambrian  fossils. 

Mr.  Hague  states  that  in  Eureka  mining  district,  northwest  of  White 
Pine,  tbe  section  of  Prospect  Mountain  has  the  same  lithologic  habit  as 
that  at  White  Pine,  and  carries  throughout  the  greater  part  of  the  forma- 

lOp.  olt,  p.  410.  *0p.  oit,  p.  444. 

■Op.  oit,  p.  377.  K)p.  oit,  p.  4«8. 

"Hftgne,  Arnold,  and  S.  F.  Smmons:  DetoriptiYe  Geology.    U.  S.  GeoL  SzpLof  the  40tli  P«r. ; 
Clarence  King,  yoL  2, 1877.  pp.  642,64S. 
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tion  Primordial  fossils,  showing  beyond  donbt  that  the  two  seriea  of 
beds  are  the  same  and  equivalent  to  the  Potsdam  sandstone  of  Wiscon- 
sin. This  statement  is  followed  by  a  list  of  fifteen  species,  all  of  which 
belong  to  the  Upper  Cambrian  fauna.^ 

The  collections  made  by  the  officers  of  the  Fortieth  Parallel  Snrvey 
were  studied  and  reported  upon  by  Messrs.  Hall  arid  Whitfield.  Of 
the  fauna  referred  to  the  Potsdam  period  they  say :  ^^  Although  there  is 
not  a  single  species  common  to  the  two  regions,  yet  there  is  such  a  close 
generic  resemblance  as  to  leave  no  doubt  whatever  of  theiK)sitive  iden- 
tity of  the  formations."  They  mention  the  resemblance  between  the 
fauna  referred  to  the  Potsdam  zone  in  Texas  and  the  Upper  Mississippi 
Valley,  Wisconsin,  Minnesota,  etc.*  In  speaking  of  the  trilobites  from 
the  base  of  Ute  Peak,  Wasatch  range,  Utah,  they  state  ihat  the  fauna 
is  referred  to  the  Quebec  group  on  the  evidence  of  the  Brachiopodus 
and  Molluscan  fauna.^  There  must  have  been  some  confusion  in  rela- 
tion to  the  occurrence  of  trilobites  and  the  Molluscan  fauna,  as  the  tri- 
lobites belong  to  the  Lower  Cambrian  zone,  and  have  nothing  in  com- 
mon with  the  fauna  which  they  refer  to  the  Quebec  group.    . 

In  the  comprehensive  review  of  the  geology  of  the  fortieth  parallel, 
Mr.  Clarence  King  describes  the  Cambrian  and  Silurian  rocks  largely 
from  the  data  published  in  the  volume  of  Messrs.  Hague  and  Emmons^ 
and  in  the  recapitulation  of  the  Paleozoic  he  gives  a  condensed  descrip- 
tion of  the  Cambrian  as  known  to  him  in  Utah  and  Nevada.  The  base 
of  the  Cambrian  is  never  seen.  This  is  explained  by  the  fact  that  the 
Cambrian  sediments  accumulated  in  the  deep  valleys  between  the  Ar- 
chean  ridges,  and  that  the  lower  beds  have  not  subsequently  been  brought 
up  to  the  surface.  Under  the  term  Cambrian  he  includes  all  of  the  rocks 
of  the  lowermost  Paleozoic  exposures  up  to  and  including  the  whole  of 
the  Primordial,  thus  following  approximately  the  eastern  nomencla- 
ture.   In  describing  the  rocks  referred  to  the  Cambrian  he  says : 

Thas  far,  among  the  reported  oocnrrences  of  the  rooks  of  this  horizon  in  the  Cor- 
dilleras, the  locality  at  the  month  of  Big  Cottonwood  Cafion  mnst  remain  as  the  finest 
example  and  the  tstratigraphical  type.  The  lowest  member— the  Cottonwood  slates, 
a  group  abont  800  feet  thick,  which  here  rest  npon  highly  metamorphio  Archean 
schists — has  thns  far  yielded  no  organic  forms.  Though  searched  by  us  with  consid- 
able  care,  it  presented  no  indications  of  life.  The  rocks  are  dark  blue,  dark  purple, 
dark  olive-green,  and  blackish  argillites,  all  highly  siliceous,  and  as  a  group  sharply 
defined  from  the  light-colored  quartzitic  schists  which  conformably  overlie  them. 
This  second  group,  by  far  the  greatest  of  the  whole  Cambrian  series,  is  a  continuous 
zone  of  schists  which  have  a  prevailing  quartzitic  character,  though  varied  with  con- 
siderable amount  of  argillaceons  matter.  It  would  seem  to  be  the  product  of  a  fine- 
grained arkose  formation,  simply  compressed  into  dense  schists.  From  8,000  to  9,000 
feet  thick,  it  has  a  general  uniformity  of  lithologioal  condition  from  bottom  to  top, 

1  Op.  oft.,  pp.  547, 648. 

*Hftll,  Jame^•nd  R P. Whitfield:  Paleontology  (of  the  40th  Parallel).  General  remarks.  17.& 
Gi>ol.  Snnrey  of  the  40th  Paralle].  toI.  4, 1877,  pp.  100,  200. 

*Op.cit.,p.200. 

^Systematio  Geology:  U.  S.  GeoL  Exploration  of  the  40th  Parallel,  Clarenoe  King,  geologist  fai 
eharge,  toL  1, 1878,  pp.  164-180. 
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except  that  in  the  refi;ion  of  Twin  Peakg  are  some  pblojKopite  schists  and  siiiceoas 
zones  carrjing  considerable  uinscovite.  The  phh)gopite  members  recar  in  the  Egsin 
Cafion  region.  The  prevailing  colors  of  this  member  are  gray,  greenish  gray,  drab, 
and  pale  brown ;  never  dark  colors.  Conformably  overlying  it  are  2,500  to  3,000  ieot 
of  cream-color  and  salmon-  color  and  white  qnartzites  and  qaartzo-feldsites.  Occa- 
sional sheets  of  conglomerate  are  seen  in  the  qnartzites  not  far  below  the  sammit  of 
the  Cambrian.^ 

The  details  of  the  Cottonwood  Canon  section  to  tfais  point  bave  not 
been  quoted,  as  these  rocks  are  beneath  the  line  provisionally  drawn 
between  the  Cambrian  and  pre-Cambrian  rocks.  This  will  be  noticed 
under  the  description  of  the  Cambrian  rocks  of  the  Bocky  Mountain 
province.  Above  the  quartzite  series  there  is  a  thin  series  of  green 
siliceous  argillites  which  are  usually  not  more  than  75  or  80  feet  thick, 
in  which  fossils  of  a  Primordial  type  have  been  found.  A  description  is 
given  of  the  Cambrian  as  reco^ized  in  central  Nevada,  and  a  compari- 
son made  between  it  and  the  Cambrian  of  the  Mississippi  Valley  and 
the  Wasatch  section.  A  complete  list  of  the  fossils  of  the  Utah  and 
Nevada  Cambrian  is  given  on  page  231,  and  on  page  233  a  list  of  those 
from  the  Quebec  group,  eight  of  which  are  from  the  Middle  Cambrian 
zone,  and  will  be  mentioned  under  the  description  of  the  Cambrian 
fauna  of  the  Rocky  Mountain  province.  The  geographic  distribution 
of  the  Cambrian  rocks  and  their  mode  of  occurrence,  as  shown  in  cross- 
section,  is  represented  on  the  sheets  of  the  atlas  accompanying  the 
report. 

In  1882  Mr.  Arnold  Hague  published  a  preliminary  report  on  the 
geology  of  the  Eureka  district,*  which  was  followed  in  1883  by  the 
abstract  of  a  report  on  the  geology  of  the  district. '  In  this  latter  re- 
port a  detailed  description  is  given  of  the  Cambrian  rocks  of  the  Pros- 
pect Mountain  section.  It  is  accompanied  by  a  map  of  the  district  and 
a  plate  of  sections  showing  the  relation  of  the  Cambrian  rocks  to  the 
superjacent  formations. 

The  fauna  of  the  Cambrian  rocks  of  the  Eureka  district  was  de- 
scribed and  illustrated  by  Mr.  C.  D.  Walcott  in  1884.  A  short  descrip- 
tion of  the  range  of  the  species  is  given,  also  a  tabulation  of  the  Paleo- 
zoic section  of  Central  Nevada,  showing  the  vertical  range  of  genera.^ 
This  wjis  republished  in  1886  with  greater  detail,^  accompanied  by  an 
original  description  of  the  Big  Cottonwood  Canon  section  (pp.  38,  39), 
and  a  section  in  the  Highland  range,  125  miles  south  of  the  Eureka 
section  (pp.  33-35),  with  notes  upon  the  section  at  Pioche  and  Ophir 
City. 


»Op.cit,pp.229,230. 

'  Kcpurt  [on  work  In  Eureka  district].    2d  Annnal  report  17.  S.  GeoL  Surrey,  ie80-'81.  pp.  21-35, 1882. 

*  Uaj^ne,  Aruold:  Abstract  uf  report  on  geology  of  the  Eureka  district,  Nerada.    U.  S.  Geol.  Surr., 
3d  annual  report,  1881, 1882,  pp.  237-290,  1883. 

*  Paleontology  of  the  Enreka  district   U.  S.  Oeol.  Surrey,  Monograph  vol.  8, 1884. 

*  Second  contribution  to  the  studies  of  tiie  Cumbrian  faunas  of  North  Amerloa.    U.  8.  GieoL  Snrr , 
BulL  Na  30, 1886,  pp.  30-88. 
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IDAHO. 

In  a  letter  to  Prof  J.  D.  Dana,  dated  Fort  Hall,  Idaho,  July  7, 1872, 
Prof.  P.  H.  Bradley  wrote  to  auaounce  the  discovery  of  the  Qaebec 
group.  In  a  limestone  he  found  many  trilobites,  some  gasteropods  and 
brachiopods,  and  beneath  the  limestone  a  compact  ferruginous  quartz- 
ite,  which  from  its  position  he  considered  as  representing  the  Potsdam 
sandstone.^  Near  Malade  City  he  discovered  a  series  of  limestones  con- 
taining Gonocoryphe,  Bathyurus,  Dlkelocephalns,  Agnostns,  etc.  Ue 
states  in  a  later  report  that — 

The  firat  exAmiaatioa  of  these  Malade  rooks  was  made  at  a  point  where  the  section 
terminated  below  in  a  very  qaartzitic  sandstone,  whioh  occu  pied  the  relative  posi- 
tion of  the  Potsdam,  and  was  aooordingly  referred  with  doubt  to  that  group  in  a  let- 
ter extract  which  was  published  in  the  August  number  of  the  American  Journal  of 
Science.  Later  examinations  have  shown  that  this  was  really  a  part  of  the  true 
Quebec,  whose  base  is  not  here  exposed.' 

The  fossils  collected  by  Prof.  Bradley  were  studied  by  Mr.  F.  B. 
Meeky  who  identified  the  genera  Agnostns,  Gonocoryphe,  etc.,  along 
with  several  genera  of  the  Lower  Silurian  fauna,  and  gave  Prof.  Bradley 
the  paleontologic  data  for  his  correlation.' 

It  is  to  be  borne  in  mind  that  at  the  time  of  the  work  referred  to,  the 
Quebec  group  was  made  to  cover  the  horizons  of  the  Potsdam,  Calcif- 
erous,  and  Chazy  of  the  New  York  section.  Again,  throughout  the 
writings  of  Messrs.  Hayden,  Bradley,  and  Meek  there  are  found  many 
references  to  the  Quebec  group,  of  strata  that  belong  to  different  forma- 
tions. This  confusion  arose  primarily  from  the  misinterpretation  of  the 
mode  of  occurrence  of  the  Upper  Oambrian  and  Lower  Silurian  faunas 
at  Point  Levis,  Oanada,  the  typical  locality  of  the  Quebec  group. 

The  Cambrian  rocks  north  of  Malade  Oity  were  studied  by  Dr.  A.  G. 
Peale  in  1877,  in  the  Portneaf  and  Bannock  ranges.  He  also  visited 
the  Bear  Biver  range.  Several  carefully  measured  sections  are  pub- 
lished with  a  summary  of  the  rocks  referred  to  the  Silurian  that  will 
be  referred  to  in  the  description  of  the  rocks  of  Idaho.^ 

The  northern  end  of  the  Portneuf  range,  in  the  vicinity  of  Mount  Put- 
nam, came  within  the  Teton  district  of  Prof.  Orestes  St.  John.  The 
central  portion  of  the  mountain  is  formed  of  ancient  quartzite,  alter- 
nating with  slaty  micaceous  shale,  which  alternates  with  limestones 
above;  and  on  the  northern  terminus  of  Mount  Putnam  there  is  an 
exhibition  of  the  full  series  of  the  Paleozoic  formations  as  developed  in 
this  region.  * 


>  On  the  disooTery  of  the  Qiiebeo  formfttlon  in  Idftho.    Am.  Jour.  SoL,  8d  ser..  toI.  4, 1872,  p.  13S. 
s  Bradley,  Frank  H. :  Report  of  Frank  H.  Bndley,  geologist  of  the  Snake  River  division.    U.  S.  GeoL 
Snrr.  of  the  Terr.,  6th  Ann.  Rep..  1873.  p.  20L 

*  Preliminary  paleontologioal  report,  *  *  *  with  remarks  on  the  ages  of  the  rooks,  etc.  17.  S. 
Geol.  Snrv.  of  the  Territoriea,  embracing  portions  of  Montana,  Idaho,  Wyoming,  and  0Uih.  0th  Ann. 
Rep.,  1873.  pp.  481,  483. 

*  Report  on  the  geology  of  the  Green  River  district.  U.  S.  Geol.  Siirv.  of  the  Terr.,  lltb  Ann.  Rep., 
1879,  pp.  8e7-«72, 500.  ffl3-610. 

*  Report  of  the  geolugiosl  Oeld  work  of  the  Teton  division.  U.  S.  Geol.  Surv.  of  the  Terr. ,  lltl) 
Ann.  Rep..  1879,  pp.  477-484. 

Ball.  81 11 
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On  the  map  accompanying  the  twelfth  annual  report  of  the  Hayden 
survey,  Usaed  in  1883,  the  geographic  distribu  tion  of  the  strata  re- 
ferred to  the  Silurian  (which  includes  the  Cambrian  and  the  quartzite 
referred  to  the  Potsdam  and  a  portion  of  the  limestones  referred  to  the 
Quebec)  is  delineated  as  it  occurs  in  southeastern  Idaho.  This  is  based 
on  the  work  of  Messrs.  Bradley,  Endlich|  St.  John,  and  Peale,  of  the 

Hayden  survey. 

MoirrANA. 

During  the  field  season  of  1873  Dr.  F.  Y.  H  ayden  made  a  geologic 
reconnaissance  of  certain  portions  of  Montana  and  noted  the  presence 
of  limestone  on  the  Gallatin  River,  above  Gallatin  Gity,  that  contained 
numerous  fossils.  The  thickness  of  the  entire  series  of  strata  referred 
to  the  Lower  Silurian  is  estimated  at  1,600  feet.  The  massive  lime 
stones  referred  to  the  Potsdam  group  are  about  400  feet  thick  and 
pass  gradually  down  into  50  feet  of  thinly  laminated,  cherty  limestones 
or  calcareous  mud  layers,  with  abundant  organic  remains.  These  are 
separated  by  a  purplish  sa  ndstone  that  rests  upon  variegated  shaly 
clays,  yellow,  green,  etc,  then  hard,  dull  purplish  brown  quartzose 
sandstones,  which  in  turn  are  underlaid  by  alternating  sandstones 
«ind  clays,  the  whole  having  a  thickness  of  over  1,000  feet.^ 

The  fossils  collected  were  studied  by  Mr.  F.  B.  Meek,  who  identified 
the  genera  Lingulepis,  Conocoryphe,  Bathyurus,  Acrotreta,  IJyolithes, 
and  Agnostus  from  the  beds  of  the  east  side  of  the  Gallatin  Biver.^ 
-  Strata  of  ^^  Primordial  age"  were  discovered  by  Messrs.  Dana  and 
Grinnell  upon  the  southwestern  slope  of  Little  Belt  Mountains  and  the 
south  extremity  of  the  Belt  range  of  mountains }  these  are  referred  to 
with  certainty,  owing  to  the  finding  of  Primordial  fossils.' 

In  1884  Dr.  F.  V.  Hayden  revisited  the  Gallatin  Eiver  locality,  in 
company  with  Dr.  A.  0.  Peale.^  The  section  near  the  mouth  of  the 
East  Gallatin  Biver  was  studied  in  detail  by  Dr.  Peale  and  two  litho- 
logically  well  defined  groups  determined. 

In  the  report  of  the  following  year  the  East  Gallatin  group  is  spoken 
of  as  probably  Middle  Cambrian.^ 

In  his  administrative  report  to  the  Director  of  the  U.  S.  Geological 
Survey  for  the  field  season  of  1889,  Dr.  A.  O.  Peale  tabulates  the  Gal- 
latin Biver  Paleozoic  section,  and  includes  under  the  Cambrian  the 
Gallatin  limestone,  835  feet  in  thickness,  and  the  Gallatin  sandstone, 
415  feet.    Beneath  the  Gallatin  limestones  are  5,000  feet  of  conglomer- 

>  Report  of  F.  V.  Haj'den,  IT.  S.  Oeol.  Sor.  of  the  Terr.,  6tb  Ann.  Rep.,  1873.  p.  72. 

'Preliminary  paleontologioal  report,  .  .  .  with  remarks  on  the  agea  of  the  rocka,  eta  U.S. 
Gcol.Sur. of  the  Territories, embracing  portions  of  Montona^  Idaho,  Wyoming, and  Utah;  6th  Ann. 
Jlep.,  1873,  pp.,  431, 432. 

'Geoloj^ioal  report.  Report  of  a  ffeologloal  reoonnoisaance  from  Carroll,  Montana  Temritory,  on 
the  Upper  Misaoari,  to  the  Yellowstone  Park  and  return,  made  in  the  summer  of  187S,  by  Wm.  Lad. 
luw;  1876,  p.  22. 

*  AdaiiiiistratiTe  Report  Montana  Division.  17.  S.  OeoL  Sarvey,  6tb  Ann*  Rep.,  1884-'8S,  1885^  pp.  41^ 
61. 

•  Ibid.,  U.  S.  Qeol.  Surrey,  7th  Ann.  Rep.  for  1885-'80, 1888,  p.  86. 
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itic  micaceoas  Randstones,  with  bands  of  siliceoas  limestones  and  inda- 
rated  day  shales,  which  he  refers  to  the  Algonkian.^ 

CANADIAN  EXTENSION. 

The  discovery  of  rocks  of  Cambrian  a$re  in  the  western  portion  of 
British  Columbia  is  of  recent  date.  During  the  summer  of  1883  Dr. 
G.  M.  Dawson  and  Mr.  B.  G.  McConnell  investigated  the  Paleozoic  rocks 
on  the  line  of  the  Canadian  Pacific  Railroad  and  discovered  at  the  Crow 
Nest  Pass  a  great  thickness  of  limestone  of  Devonian  age,  beneath 
which  is  a  great  series  of  slaty  and  quartzite  rocks*  No  fossils  were 
found  in  the  beds,  but  some  were  found  in  detached  fragments,  which 
are  referred  to  the  Cambrian.'  In  the  report  published  in  1886  Dr. 
G.  M.  Dawson  says  that  of  the  rocks  referred  to  throughout  his  report 
as  Cambrian  no  complete  general  section  can  be  offered.  Along  the 
line  of  the  Columbia  Valley  the  basal  beds  were  not  observed.  The 
component  beds  of  the  great  Cambrian  series  are,  in  the  main,  quartz- 
itesand  quartzitic  shales,  passing  into  argillites,  occasionally  including 
limestones  or  more  or  less  calcareous  or  dolomitic  materials  and  con- 
glomerates.' 

Near  Waterton  Lake  a  section  was  measured  3,000  feet  in  thickness  • 
another  at  South  Eootanie  Pass  had  a  mininum  (estimated)  thickness 
of  the  outcropping  Cambrian  beds  of  11,000  feet,  and  it  included 
neither  the  summit  nor  the  base  of  the  series.  Other  sections  were 
measured,  but  none  were  found  in  which  the  whole  volume  of  the  form- 
ation could  be  ascertained.^ 

Dr.  Dawson  compares  these  sections  with  thatof  the  Wasatch  Moun- 
tains of  Utah;  and  more  recent  discoveries  have  shown  that  they  are 
quite  similar  in  character.  If  the  view  of  separating  the  preOlenellus 
beds  from  the  Cambrian  is  accepted,  most  of  the  South  Eootanie 
Pass  rocks  will  be  referred  to  the  Algonkian,  corresiK)nding  in  this 
respect  to  the  Algonkian  (f)  of  the  Big  Cottonwood  section  of  the 
Wasatch  Mountains,  Utah. 

Dr.  Dawson  farther  states  that  Mr.  H.  H.  Winwood  announced  the 
discovery  of  Cambrian  fossils  in  the  Kicking  Horse  Pass  in  a  letter 
to  the  Geological  Magazine  in  1885.^  From  among  the  specimens 
obtained  at  that  time  Mr.  C.  D.  Walcott  recognized  Olenellus  howelli 
and  Olenaides  leviSj  trilobites  characteristic  of  the  Prospect  Mountain 
group  of  Nevada.*  Numerous  other  references  occur  in  Dr.  Dawson's 
report  in  connection  with  the  description  of  the  local  details  of  the 

1  AdminlstratiTo  Report,  Hontaoa  Division.    U.  8.  Geol.  Sarr..  10th  Ann.  Kep.,  1890,  p.  131. 

*Dawiion,  Oeo.  M.:  fiecent  geological  obflerrations  on  the  Canadian  Korthwest  Territory.  Scienoe, 
VOLS,  1884  p. 648. 

*  PrelimlnarT  report  on  the  pbysieal  and  geological  featnre  of  that  portion  of  the  Rocky  Hoontaina 
between  lat.49o  and  M«  W,    Oeol.  Sarrey  Canada,  new  ter.,  vol.  1, 188«,  p.  U7B. 

«Op.oit.,p.l58B. 

'Geological  age  of  the  Sooky  Monutalns.    GeoL  Mag.,  new  ser.,  dec.  8,  vol.  2, 1886,  p.  3A0. 

'Prdiminary  report  on  the  phyaical  and  geological  featares  of  that  portion  of  the  Rooky  Moimtaiiu 
betWMB  laUtudea  48^  aad  fiio  a(K.    Qeol.  Sorr.  Canada,  new  ser.,  vol  1, 1886,  p.  140B. 
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geology.  One  of  these  refers  to  the  finding  of  a  specimen  of  Ptychopor 
ria  oweni  M.  and  H.  on  the  Cascade  Biver  in  debris  brought  down  from 
the  monntain,  indicating  the  presence  of  the  Cambrian  in  the  Cascade 
Moantains.^ 

An  admirable  map  accompanies  Dr.  Dawson's  report,  and  inolodes 
the* region  between  latitude  49^  and  5(P  30^.  The  geographic  distribu- 
tion of  the  Cambrian  qnartzite  series  and  its  relations  to  the  superja- 
cent Carboniferous  and  Devonian  rocks  is  delineated,  and  their  strati- 
graphic  position  is  shown  in  an  accompanying  diagrammatic  section. 

When  exploring  the  Yukon  district  in  1887  Dr.  Dawson  *  discovered 
that  the  country  north  of  Dease  Lake  had  a  granitic  nucleus  with  Paleo- 
zoic rocks  on  its  flanks,  ranging  from  the  Cambrian  to  the  Carboniferous. 
Ko  details  are  given. 

The  detailed  exploration  of  the  Paleozoic  rocks  west  of  the  great 
Archean  area,  near  the  border  of  British  Columbia  and  Alberta,  was 
undertaken  by  Mr.  B.  G.  McConnell,  and  his  results  are  presented 
in  the  annual  report  of  the  Canadian  Survey  for  1886.  The  Castle 
Mountain  group,  a  great  limestone  formation,  ha«  a  known  minimum 
thickness  of  7,7CM)  feet  The  lower  portion  is  of  Cambrian  age,  and  the 
upper  part  forms  the  base  of  the  Lower  Silurian  (Ordovician).  Beneath 
the  Castle  Mountain  group  the  Bow  Biver  series  forms  a  great  thick- 
ness of  dark  colored  argillites,  associated  with  some  sandstones,  quartz- 
ites,  and  conglomerates.  The  portion  exposed  has  an  estimated  thick- 
ness of  10,000  feet,  and  in  the  upper  part  of  it  occur  the  fossils  men- 
by  Dr.  Dawson,  Olenellus  gilberti^  etc'  The  occurrence  of  fossils  of 
Cambrian  age  in  the  lower  portion  of  the  Castle  Mountain  group  is 
noted  on  page  28D  of  the  report. 

The  fauna  from  the  slates  or  shales  at  the  base  of  the  Castle  Moun- 
tain group,  in  the  Mount  Stephen  section,  was  described  by  Dr.  C. 
Bominger  in  1887,^  and  reviewed  by  Mr.  C.  D.  Walcott  in  the  following 
year.* 

In  noticing  the  two  papers  just  mentioned  Mr.  B.  O.  McConnell  gives 
a  r^sum^  of  the  section  at  Mount  Stephen.  He  states  that  no  fossils 
have  been  detected  in  the  lower  part  of  the  Bow  Biver  series,  but  speci- 
mens of  Olenellus  gilberti  were  found  by  Dr.  Dawson  in  1884  about  2,000 
feet  below  the  top  of  the  formation.  The  next  fossiliferous  zone  occurs 
near  the  junction  of  Bow  Biver  and  Castle  Mountain  groups,  where 
Paradoxides  was  found;  and  a  third  zone,  between  3,000  and  4,000 feet 
higher  up,  carries  the  fauna  described  by  Dr.  Bominger.' 

iOp.oit.,  P.143B. 

'Notes  on  exploration  in  Yukon  District.    Sdenoe,  toI.  10, 1887,  p.  185^ 

'Report  on  the  Geological  Structure  of  a  portion  of  the  Rooky  Mountains,  with  a  Motion.    G«oL 
Surv.  Canada,  Ann.  Report,  new  ser.,  vol.2, 1887,  pp.  24-30  D. 

*  Description  of  Primordial  fossils  f^m  Mount  Stephens,  Northwest  Teriitoty  of  Canada.    Phila. 
Aoad.  ^'ci.  Proc,  1888,  pp.  12-10,  PI.  i. 

'Cambrian  fossils  from  Mount  Stephens,  Am.  Jour.  SoL,  8d  ser.,  toL  80, 1888,  pp.  161->180. 

*  Notes  on  the  geology  of  Mount  Stephen,  British  Columbia.    American  Ooologiat,  toL  8, 1880,  pp. 
23-2B)i 
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In  a  ^<  Note  od  the  geology  of  the  Selkirk  Range, "  of  British  Golam- 
bia.  Dr.  Oeorge  M.  Dawson  states  that  the  Olenellus  fanna  has  been 
found  3,000  feet  down  in  the  Bow  Kiver  series  J  He  refers  the  Niscon- 
litb,  and  the  lower  15^000  feet  of  the  Selkirk  series,  of  the  Selkirk  sec- 
tion, to  tbe  Oambrian,  and  correlates  them  with  the  Bow  Biver  and  lower 
portion  of  the  Oastle  Mountain  series  of  the  western  side  of  the  Bocky 
Mountains.  (The  details  of  these  series  are  given  in  chapter  ly,  of  this 
paper.) 

PALEONTOLOaT. 

The  first  description  of  Oambrian  fossils  from  the  Bocky  Mountain 
province  is  that  by  Mr.  F.  B.  Me4)k^  in  18G8,  who  described  from  the 
material  discovered  by  Mr.  Clayton  at  Silver  Peak,  Nevada,  Ethmophyl- 
lum  whitneyi  and  U.  gracile,*  Shortly  after  he  changed  the  reference 
of  these  species  to  ArchaBOcyathus,  making  A.  whitneyi  and  A,  gracile? 
In  1870  he  added  Paradoxidesf  nevadensis  and  Oonocoryphe  {Oonocepha- 
lites)  kingi^  from  Antelope  Spring,  Nevada.  From  the  known  position 
of  the  genus  Oonocephalites  the  two  species  were  referred  by  him  to  the 
Primordial  zone.^ 

In  1872  Prof.  J.  D.  Whitney  Calls  attention  to  the  occurrence  of  the 
Primordial  fanna  near  Eureka,  Nevada,  at  a  locality  discovered  by 
Mr.  J.  E.  Olayton.  He  identified  a  species  closely  related  to  Agraulos 
aweni  of  Meek  and  Hayden,  and  fragments  of  the  genera  Oonocoryphe, 
Paradoxides,  Lingulepis,  and  Oboleila.'  A  notice  of  this  discovery  was 
also  published  in  the  proceedings  of  the  Oalifornia  Academy  of  Sci- 
ences in  the  same  year.    (YoL  4,  p.  200.) 

From  the  Upper  Oambrian  rocks  of  southeastern  Idaho  and  southern 
Montana,  Mr.  F.  B.  Meek  described  in  1873  Iphidea  ft  sculptilis  (p.  479), 
Agnostus  bideM  (p.  463),  Oonocoryphe  {Oonocephalites)  gallatinenais  (p. 
iS5)^  Bathyurus  t  haydeni  (p.  482),  B.  serratus  (p.  480),  Bathyurellus 
(Amphiscus)  bradleyi  (p.  484),  Bathyurisom  wheeleri  (p.  485,  foot-note). 
It  is  stated  on  page  465  that  Bathyurisctu  {Dikelocephalus  t)  truncatus 
is  described  in  the  report.  It  does  not,  however,  appear  in  the  text. 
He  also  identified  the  species  Acrotreta  subconica  Eutorga  (A.  atten- 
uata  proposed  if  it  proved  to  be  a  distinct  species,  p.  463),  Eyolithes 
gregaria  M.  &  H.,  Oamerella  caldfera  Billings,  and  Agnostua  josepha^ 
Hall.  Numerous  generic  references  are  made  from  the  fragments  in  the 
collection,  and  in  the  lists  from  various  localities  species  of  the  Oalcif- 
erous  zone  of  the  Lower  Silurian  (Ordovician)  occur,  especially  in  the 
list  of  the  collection  from  Malade  Oity.' 

>  Bull.  GmL  Soo.  Amerioa,  roL  2, 1891,  p.  17L 

*  Preliminary  notloe  of  a  remarkable  new  genus  of  Corals,  probably  typical  of  a  new  fam  ily,  •    •    • 
from  the  Silurian  rooks  of  Nevada  Territory.    Am.  Joar.  Soi.,  2d  ser.,  toL  45, 1868,  pp.  6i--64. 

>Kote  on  Ethmophyllam  and  Archeocyathos     Am.  Joar.  Soi.,  8d  ser.,  vol.  M,  1868,  p.  144. 

^ICeeli:,  F.  B.:  Descriptions  of  fossils  collected  by  the  IT.  &  G^eologioai  SorTey,  under  the  charge  of 
Clarence  King,  esq.    PhU.  Acad.  Set  Proc,  voL  23, 1870,  pp.  62-64. 

*Note  on  the  occurrence  qf  the  "  Primordial  Pauna **  in  IfeTada.  Am.  Joar.  ScL,  3d  ser.,  toL  3, 1872, 
pp.  84, 85. 

'Preliminary  paleontologieal  report,  •  *  *  with  remarks  on  the  ages  of  the  rooks,  etc.  IT.  S. 
Geol.  Surr.  of  the  Terr.,  embracing  portions  of  Montana  Uaho^  Wyoming,  and  Utah ;  6th  Annual 
Beportk  1873.  PPw  468-487. 


166  THE  CAMBRIAN.  (bullO. 

From  the  collections  made  by  the  geologists  of  the  Wheeler  survey 
west  of  the  oue  hundredth  meridian,  Dr.  G.  A«  White  describes,  in  a 
preliminary  report,  Oruzianalinnarssonij  0.  rustica^Aerotretaf  subsiduaj 
Trematis  pannulus^  and  Agnostus  interstricta.  He  also  identified  Hyo- 
lithes  prifnordialis  Hall  f ;  and  published  the  manuscript  description  by 
Mr.  Meek  of  Olenellus  gilberti  and  O.  howellV  From  the  strata  re- 
ferred to  the  age  of  the  Quebec  group  he  describes  Aerotreta  pyxidi- 
cula  (p.  9)  and  Dikelocephalus  ftagricaudus  (p.  12).  Tlie  former  species 
was  subsequently  identified  by  Mr.  G.  D.  Walcott  as  Aerotreta  gemma 
of  the  Upper  Cambrian,  and  the  latter  species  is  referred  to  the  Middle 
Cambrian  fauna  as  Za^dnthoides  flagricautius.  The  manuscript  descrip- 
tions of  Olenellus  gilberti  and  O.  hotcelli  by  Mr.  Meek  were  also  printed 
in  1875  under  the  names  of  Olenus  (Olenellus)  gilberti  and  0.  (0.)  howelli 
in  the  report  of  Mr.  O.  K.  Gilbert.' 

The  species  described  by  Dr.  White  in  his  preliminary  report  of  1874 
were  redescribed  and  illustrated  by  him  in  1875.  In  addition  to  the 
species  mentioned  in  the  preliminary  report  he  describes  and  illustrates 
Concoryphe  (Ptychoparia)  Idngi  Meek  (p.  40)  and  Aaaphiseus  wheeleri 
Meek  (p.  43.)' 

The  two  species  described  by  Mr.  Meek  from  Antelope  Spring,  Utah, 
in  1870,  were  redescribeil  and  illustrated  by  him  in  1877,  under  the 
names  of  Conoobryphe  (Ptychaparia)  kingi  and  Paradoxides  f  nevadensis. 
In  the  description  of  the  latter  species  he  gave  reasons  for  believing  that 
the  generic  reference  was  incorrect,  and  that  the  species  belonged  to  an 
nndescribed  genus.  For  this  genus,  if  the  species  proved  not  to  be 
Paradoxides,  he  proposed  the  genus  Olenoides.^ 

The  description  of  the  collections  of  the  Fortieth  Parallel  Survey  by 
Messrs.  Hall  and  Whitfield  added  a  large  number  of  new  forms  to  the 
Middle  Cambrian  fauna.' 

The  new  species  described  are: 

Obolella  discoidea,  p.  305. 
Lingalepia  masra,  p.  206. 

f  minata,  p.  206. 
Kntorgina  miniitisBima,  p.  207. 
LeptsBna  melita,  p.  208. 
Crepicephalns  (Loganellus)  hagnei,  p.  210. 

(Loganellufl)  nitidus,  p.  212. 

(Loganellas)  granulosaa,  p.  214. 

(Loganellas)  macolosas,  p.  215. 

1  Preliminary  report  upon  invertebrate  foasiU  oolleotod  by  the  expeditions  of  1871,  187S,  and  1873, 
witli  desoriptiona  of  new  8peoi«>a,  pp.  27.  Geog.and  GooL  Sar.  west  of  100th  Mer.,  Lieut.  Wheeler 
in  charge,  Washiagton,  1874,  pp.  4-12. 

*Beport  on  the  geology  of  portions  of  NoTatla,  Utah,  California,  and  Arizona  examined  in  the  years 
1871  and  1872  Beport  on  Geog.and  Geol.  Expl.  and  Sur.westof  100th  Mer.,  toL  3,  Geology,  1875,  pp. 
182, 183. 

'Report  npon  the  ioTertebrate  fossils  collected  in  portions  of  Nevada, Utah.  Colorado,  New  Mexico, 
and  Arizona  by  parties  of  the  expeditions  of  1871-'7i.  Wheeler's  ExpL  and  Sur.  west  of  the  100th 
Mer.,  vol.  4,  pt.  1,  1875. 

« U.  S.  GeoL  Expl.  of  the  40th  ParaUel,  vol.  4,  pt  1, 1877,  pp.  a0.2& 

•  Ibid.,  Tol.  4, 1877,  pt  2,  pp.  206-240. 
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Crepioephalofi  (LoganelluB)  QnisaloatiUy  p.  216b 

(Loganellas)  simnlatory  p.  218. 

(Loganellns)  anytus,  p.  219. 

(Batbynnu)  f  angulatae,  p.  220. 
Couocephalitea  (Pterocephalns)  laticeps,  p.  SSL 
rtyohaspis  poBtaloea,  p.  223. 
Chariooephaliu  tumifroDB,  p.  224. 
Dikelocephalas  bilobatnn,  p.  226* 

mnltioinctaB,  p.  226. 

flabellifer,  p,  227. 
Agnostns  oommanis,  p.  228. 

neon,  p.  229. 

prolongna,  p.  230. 

tamidoaaSy  p.  231. 
Lingnlepeis  ella,  p.  232. 
Conocephalites  snbcoroDatos,  p.  237. 
Crepicephalas  f  (Loganellas)  qaadrana,  p.  838L 
Dikelooepbalns  quadriceps,  p.  240. 

waaatobensis,  p.  241. 

fgotbicn8,p.242. 
Ogygia  prodnota,  p.  244. 

parabola,  p.  245. 

« 

Of  these  species  those  irom  Lingulepsis  eUa  to  Ogygia  parabola^  in- 
clusive, are  referred  to  the  Quebec  group,  and  the  others  to  the  Pots- 
dam. The  descriptions  are  accompanied  by  fine  illustrations  of  all  the 
species  mentioned. 

In  1880  Dr.  O.  A.  White  referred  his  Acrotreta  9  siibsiduaj  described 
in  1874,  to  the  genus  Acrothele  of  Angelin.^ 

The  study  of  a  collection  made  by  the  U.  S.  Geological  Survey  from 
the  Eureka  district,  Nevada,  gave  Mr.  O.  D.  Walcott  material  for  the 
description  of  a  number  of  new  species  from  the  Oambrian.  They 
include  the  following:  * 

Acrothele  f  diobotoiua,.p.  14. 
Scenella  f  oonola,  p.  15. 
Kotorgina  whit6eld1,  p.  18. 

proapectenaia,  p.  19. 
Ortbia  enrekenaia,  p.  22. 
Stenotheca  elongata,  p.  23. 
Agnoetna  ricbmondenaia,  p.  24. 

aeclaana,  p.  25. 
OleneUaa  iddingai,  p.  28. 
Dikelocepbalna  naantna,  p.  40. 

Tiobmondenaia,  p.  41. 

f  angaatifrona,  p.  42. 

iole,  p.  43. 

marica,  p.  44. 

f  ezpaoana,  p.  45. 
Ptyohoparia  (f )  proapecteDaia,  p.  40. 

(f )  linnaraaoni,  p.  47. 


<  Koto  OD  Acrothele.    IT.  8.  Nat  Mot.  Proo.,  vol.  8, 1880.  p.  47. 

*  PaleoaioloQr  of  the  Snxeka  dletilot.    U.  &  Geoi  Snrr.,  lionograph,  toL  8, 1884,  pp.  ll-U, 
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Ptychoparia  (f )  (Solenopleara)  (T)  brevicepa,  p.  49. 

(f)  pernasiitus,  p.  49. 

(Enlomaf)  diasimilis  p.  51. 

occidentalis,  p  51. 

similis,  p.  52. 

siniilis,  yar.  robnstns,  p.  53. 

(Eolomaf)  afiSnis,  p.  54. 

IsDvicepa,  p«  54. 

(Pterocephalus)  occideos,  p.  58. 
Anomocare  f  parvani,  p.  59. 
Agraulos  f  globosiis,  p.  61. 
Arethusina  americaaa,  p.  62. 
Ogygia  f  apiiiosa,  p.  63. 

(f )  problem atica,  p.  63. 

The  following  genera  and  species  are  mentioned  and  illostrated; 

Protoapongia  feiie8trata»  p.  11. 
Lingnlepis  niflBra»  p.  12. 

f  minata,  p.  13. 
Lingula  f  manticnla,  p.  13. 
Obolella  diflcoidea,  H.  &,  W.,  p.  14. 
Aoiotreta  gemma,  Billings,  p.  17. 

Under  this  apecies  are  also  inclnded  Aerotreia  suhconica  and  A,  attenuataf 
Meek,  1873,  and  Acrotreta  pyxidiculaf  White,  1874. 
Kotorgina  aonlptilis,  Meek,  p.  20. 

Tlie  synonymy  of  this  species  indndes  Ipkidea  (f/)  §€mlptili§,  1873,  and 
Kutorgina  minutieHma,  H.  &,  W.,  1877. 
Lept»na  melita,  H.  d^  W.,  p.  22. 
Hyolithes  primordialia.  Hall,  p.  23. 
Agnoatna  bidens,  Meek,  p.  26. 
communis,  H.  &  W.,  p.  27. 
neon,  H.  &  W.,  p.  27. 
prolongns,  H.  &  W.,  p.  28. 
Olenellns  gilberti,  Meek,  p.  29. 

bowelli,  Meek,  p.  30. 
Dikelocephalas  bllobatns,  H.  &,  W,,  p.  40. 
osoeola,  Hall,  p.  40. 
f  qnadrioepsy  H.  &  W.,  p.  45. 
Ptycboparia  oweni,  M.  &  H.,  p.  55. 

Under  this  species  are  placed  as  synonyms  ConoeofTfp\e  {Ptffokoparia) 
gallaHnenHs,  Meek,  1873,  Crepioepkahu  (Loganellua)  eentralU,  Whit- 
field, 1877. 
anytus,  H.  &,  W.,  p.  56. 

granulosus,  P.  haguei  and  P.  nitidns,  H.  dt  W.,  p.  57. 
Under  the  latter  species  Crepicephalu9  (Loganellu§)  §imulaior,  H .  &. 

W.,  1877,  is  placed  as  a  synonym, 
nnisulcatns,  H.  &  W.,  p.  38. 
(Pterocephalus)  latioeps,  H.  &  W.,  p.  59. 
Ptycbaspis  minnta,  Whitfield  (f )  p.  60. 
Chariocephalns  (f)  tumifrons,  H.  Sl  W.,  p.  61. 

Notes  on  the  genus  Acrotreta  of  Kutorga  are  given  on  page  16 ;  and 
observations  on  Olenellus  howelK  on  pages  32-39. 
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In  1S86  Mr.  0.  D.  Walcotl  reviewed  the  species  which  he  then  con- 
sidered to  belong  to  the  OlenoUus,  or  Middle  Oainbrian  fanna.^ 
The  following  new  species  were  described  from  Utah  and  Nev^ada : 

Eooyatites  Tf  longidaotylnsi  p.  94. 
Orthia  f  htgblandeusis,  p.  119* 
fiy^ltthes  billingsi,  p.  134. 
Leperditia  f  argenta,  p.  146. 
Olenoides  typioalis,  p.  1^ 

levis,  p.  187. 
Ptychoparia  honsensis,  p.  SOL 

piocbensiSi  p.  201. 
Crepicepbalas  liliana,  p.  207. 

aDgnsta.  p.  206. 
Orytcooepbahis,  new  genaa,  p.  210. 
Orytcocepbalaa  primna,  p.  210. 
Batbynriacua  bowelli,  p.  216. 

The  genns  Bthmophyllnmy  described  by  Mr.  Meek  in  1868,  and  the 
species  placed  under  it  referred  in  the  same  year  to  ArchsBocyathns,  is 
redefined  as  the  genus  Ethmophyllum,  with  Ethmaphyllum  whitneyi  as 
the  type  (p.  8L)  Ethmophyllum  gracile  Meek  is  placed  as  a  synonym  of 
the  latter  species.  Descriptions  and  illustrations  of  the  following 
species  also  appear  in  this  work : 

ProtoepODgia  fenestrata,  Salter,  p.  90. 
Lingulella  ella,  H.  &  W.  p.  97. 
Acmtreta  gemma,  Btllinga,  p.  98. 
KatorgiDa  panDula,  Wbite,  p.  105. 

proepeotenaia,  Walcott,  p.  106. 
Aciotbele  anbaidaa.  White,  p.  108. 
SoeneUa  T  couala,  Walcott,  p.  127. 
Stenotbeca  f  elongata,  Walcott,  p.  129. 
Aguoataa  interatrictna,  White,  p.  149. 
Olenellna  iddingai,  Waloott,p.  170. 

gUberti,  Meek,  p.  170. 
Olenoidea  nevadenaia.  Meek,  p.  181. 

aptnoeaa,  Walcott,  p.  184. 

f  flagricandaa,  White,  p.  185. 

quadricepa,  H.  &,  W.,  p.  187. 

waaatcbenata,  H.  d^  W.,  p.  189. 
Ptychoparia  kingi.  Meek  (ap.),  p.  193. 

qaadrana,  H.  d^  W.,  p.  199. 

f  proapectenaia,  Walcott,  p.  202. 

Bobcoronata,  H.  &  W.,p.205. 
Anomocare  f  parvnm,  Walcott,  p.  209. 
Batbynriscna  prodactaa,  H.  &,  W.,  p.  217. 
Aaapbiacoa  wheeleri.  Meek,  p.  220. 

A  discussion  of  several  of  the  genera  is  also  presented. 

In  a  paper  on  the  stratigraphic  position  of  the  Olenellus  fauna  Mr. 
C.  D.  Walcott  reviewed  the  stratigraphic  position  of  the  fauna  de- 
scribed in  Bulletin  30  of  the  U.  S.  Geological  Survey,  and  referred  the 

1  Second  oontribntlon  to  the  BtndiM  of  the  GambtiAn  Amuum  of  North  Amerina.    U.  S.  QeoL  Sarroy, 
BiiU.No.M,188t. 
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following  species,  formerly  assigued  to  the  Ldwer  Oambrian  fauna,  to 
the  Middle  Oambrian  zone,  considering  the  Olenellus  zone  to  indade 
only  the  Lower  Cambrian  fanna.^    The  species  are: 

ProtoBpongia  feneatrata,  Salter. 
Eooysti  tea  f  f  longidaotylas,  Walcott. 
Leperditia  argenta,  Walcott. 
Agoostas  interBtrictas,  White. 
Oleuoides  nevadensis,  Meek  (sp.). 

qaadriceps,  Hall  &.  Whitfield  (sp.), 

wasatohensie,  H.  &,  W.  (ep.). 

spiQOSDB,  Walcott. 

typicalis,  Walcott. 
Ptychoparia  hoasensitt,  Walooti. 

kingi,  Meek  (sp.). 

piochensiB,  Walcott. 
f  proepectensis,  Walcott.    . 

qaadrauB,  H.  6l  W.  (Bp.). 

sabooTonata,  H.  &,  W.  (sp.). 
BatbyariscuH  hovrelli,  Walcott. 

prodnotuB,  H.  &.  W.  (Bp.). 
AsapbiBcns  wheeler i,  Meek. 

Ptyeha9pi%  piochensU  obcurs  100  feet  above  the  Olenellas  zone  proper, 
in  the  Highland  range  section,  but  as  it  also  occurs  1^37  feet  higher 
up  in  the  same  section,  it  is  now  referred  to  the  Middle  Cambrian  fauna 
and  not  to  the  Olenellus  fauna.' 

The  presence  of  Cambrian  fossils  at  Kicking  Horse  Pass  of  the  Bocky 
Mountain  division  of  the  Canadian  Pacific  Bailway.was  announced  by 
Mr.  H.  H.  Winwood  in  1885.^  Indirect  reference  was  also  made  to  this 
by  Dr.  Q.  M.  Dawson  in  1884.^  The  specimens  obtained  at  that  time 
were  examined  by  Mr.  C.  D.  Walcott,  who  recognized  Olenellus  howelli 
and  Olenoides  levis^  trilobites  characteristic  of  the  Prospect  Mountain 
group  of  Nevada.* 

During  the  survey  by  Mr.  B.  G.  McConnell  of  the  section  along  the 
line  of  the  Canadian  Pacific  Railway  there  was  discovered  at  Mount  Ste- 
phen a  zone  of  fossiliferous  slate  2.000  feet  above  the  base  of  the  Castle 
Mountain  limestone.  From  the  collections  obtained  Dr.  C.  Hominger 
described  the  new  genus  EmboUmus  and  five  new  species  of  trilo- 
bites, viz:  Ogygia  klotzij  0,  serrata^  Emholimtui  spinosaj  JB.  rotundatetj 
and  Oonocephalites  oordillerce.  He  also  identified  Mtnocephalus salteri  f^ 
Billings,  Baihyurust^  Agnoatus  (^'compare  A.  interger  Barr"),  and  the 
genera  Orthis,  Obolella,  Kutorgina,  Leptaduat,  Metoptoma,  and  Hyo- 
lithes." 

■  Stratigraphio  aneceanion  of  the  Olenellua  fauna  in  North  AmarlcA  and  Europe.    Am.  Joar.  ScL, 
9d  aer.,  voL  37,  pp.  374-392 ;  vol.  38, 1889,  pp.  29-42. 
«  Op.  cit,  p.  387.  < 

* Qeologioal  age  of  the  Rooky  Mountains.    Geol.  ICagasine,  new  aer.,  dec.  S,  toL  2, 1886,  p.  S40. 
«Kecent  geologioal  obsorrationaon  the  Canadian  Northweat  Territory.    Sole  nee,  toL  S,  1884,  p.  648. 

*  Preliminary  report  on  the  phyaioal  and  geologioal  featarea  of  that  portion  of  the  Rooky  Mountaina 
between  latitndea  iV>  and  5P  SC.    OeoL  Sarv.  Canada,  new  aer.,  toL  1, 188d,  p.  140B . 

•  Deaoription  of  Primordial  foaaila  from  Mount  Stephen,  North weat  Territory  of  Oantda,    Philadel- 
phia Aoad.  Sci.,  Proc.,  1887,  pp.  12-19. 
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A  review  of  Dr.  Bomingei's  work  on  the  Mount  Stephen  fossils  hy  Mr. 
G.  D.  Walcott  resulted  in  his  determining  that  EmbolimtM  spinosa^  Bom.=s 
ZacamUundes  spinosuSj  Walcott;  Umbolimus  rotundata,  Rom.  =Bathyur%8' 
€us  howelliy  Walcott;  Ogyffia 8errata=Olenoides  nevadensis,  Meek ;  and 
that  OonocephcUites  Cordillera^  Bom.  ssPtyeAoparta  cordilUrce^  Bom. 
(8p.)y  and  Ogygia  1 1  klotzi,  Bom.,  are  new  to  the  previously  known 
Cambrian  fauna.  The  genus  Zacanthoides  is  proiiosed  to  include  Ote> 
naides  typioaliSy  0.  spinosusj  0.  levis^  and  O.flagricaudus^  described  in  1886. 
There  were  also  identified  from  the  material  studied  by  Dr.  Bominger 
Agnosius  interstrictus^  Aorotreta  gemmaj  Kutorgina  proapectensUf  and 
HyoUthellus  mieans,^  Subsequently  from  the  collection  studied  by  Dr. 
Bominger  there  were  described  by  Mr.  Walcott,  Lingulella  nmccanelli 
Crania  f  columbiana^  Acrotreta  gemma  var.  depressa,  Orthisina  alberta^ 
Platyceras  romingeri^  Karlia  at^kenensis,  Bathyuriscu8  {Kootenia) 
daibsonij  and  the  genus  Ogygopsis  was  proposed  to  include  the  Ogygia 
Jclotzi  of  Bominger.    Linnarssania  sagittalis  was  also  identified.' 

In  1890  Mr.  O.  D.  Walcott '  described  three  new  species  from  the 
Highland  range  section  of  Central  Nevada,  referring  them  to  the  Upper 
Cambrian.  These  species  are  Hyolithes  attenuatuSj  H,  eurvaiusy  and  JJ. 
(T)  corrugatus. 

INTEBIOS  GONTINSNTAL  PBOYINOS. 

This  province  includes  the  Upper  Mississippi  area,  the  eastern  border 
or  Adirondack  snbprovince,  the  western  border  or  Bocky  Mountain 
snbpi evince,  and  the  Llano  County  area  of  central  Texas  and  the 
Oraud  Cafion  of  Arizona  as  a  minor  southwestern  subprovince. 

UPPXK  MISSISSIPPI  ABBA. 

For  convenience  of  reference  the  review  of  the  literature  pertaining 
to  Wisconsin,  Minne»ota,  and  Iowa  is  assembled  for  each  State.  The 
Ozark  area  of  southeastern  Missouri  is  considered  separately,  and  the 
Lake  Superior  sandstones  and  the  controversy  in  relation  to  them  is 
noticed  under  a  distinct  heading,  after  the  description  of  the  recognized 
Upper  Cambrian  rocks  of  Wisconsin,  Iowa,  and  Minnesota,  and  their 
extension  into  Canada.  This  division  also  includes  the  references  to 
the  Cambrian  rocks  of  Michigan. 

WISCONSIN. 

In  1843,  in  notes  on  the  geology  of  the  Western  States,  Dr.  D.  D. 
Owen  called  attention  to  the  presence  of  a  sandstone  on  the  Mississippi 
Biver,  at  Prairie  du  Chien,  visible  beneath  the  Lower  Magnesian  lime- 

*Cambri»ii  foMils  from  MooDt  Stephens.    Am.  Joar.  SoL,  8d  ser.,  toI.  88, 1888,  p.  18B. 
'  Denoriptions  of  new  genera  and  speoiee  of  fossiU  from  the  Middle  Cambrian.    U.  S.  National 
liaw:nm,  Proc..  roi.  11, 1889,  pp.  441-448. 
*  Deecrlptiou  of  new  forma  of  Upp^^r  Caoibriau  foeeiltf.    U.  &  Nat  liua.  Proo^  vol.  13, 1880^  pp.  M7-279. 
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stone  of  the  'Wisconsin  River.^  Five  years  later,  in  the  report  of  a 
geological  reconnaissance  of  the  Chippewa  land  district  of  Wisconsin, 
he  describes  with  considerable  detail  Formation  1,  or  the  lower  sand- 
stone of  the  Upper  Mississippi.  The  formation,  as  a  whole,  is  subdi- 
vided into  five  parts.  The  lowest  part  rests  upon  crystalline  and 
metamorphic  ro«ks,  in  the  eastern  part  of  the  Chippewa  land  district, 
as  a  coarse  sandstone  overlaid  by  a  still  coarser  qaartzose  sandstone.' 
A.t  the  Falls  of  the  St.  Croix  the  schistose,  silico-calcareous  layers  of 
the  second  division  arc  highly  fossiliferoas.  In  the  third  division  the 
prevailing  genera  are  Lingnla  and  Orbicala'  and  it  is  designated  as 
the  <^  Lingnla  sandstone."  In  speaking  of  the  beds  of  sandstone 
beneath  the  fossiliferous  layers  at  Mountain  Island  it  is  stated  that  in 
all  probability  this  is  the  western  equivalent  of  theLingula  beds  of  the 
New  York  Potsdam  sandstone.^ 

A  notice  of  the  discovery  of  the  fauna  in  the  lower  sandstone  of  Wis- 
consin was  communicated  by  Dr.  Owen  in  1848  to  the  Geological  So- 
ciety of  France  through  a  letter  to  M.  de  Yerneuil." 

In  a  letter  descriptive  of  the  geology  of  southeastern  Wisconsin  ad- 
dressed to  Mr.  J.  W.  Foster,  Mr.  I.  A.  Lapbam  states  that — 

The  Inferior^  or  Potsdam  8andBtoHe,}s  found  at  Janesville  and  above,  occnpying  the 
bed  of  the  river.  The  grains  are  rounded,  smooth,  and  without  apparent  cement; 
the  rock  easily  crnmbles  upon  exposure ;  color  white  or  red.  The  white  variety 
might  be  nsed  for  the  manufacture  of  glass.  The  discovery,  in  1849,  of  that  singular 
and  characteristic  fossil  described  by  Mr.  Hall  as  Soolithu$  linearis  (New  York  Pal., 
vol.  1,  p.  2)  in  this  rook,  in  Sank  Connty,  may  be  considered  as  settling  the  question 
of  the  identity  of  this  rock  with  the  Potsdam  sandstone  of  the  New  York  reports.  It 
occupies  much  of  the  counties  Marquette  and  Columbia,  enters  Dane  County,  and  is 
seen  in  the  banks  of  Rock  River  from  Lake  Koshkonong  to  Janesville. 

*  *  *  II.  Caleiferaus  rook  of  JSaton.— Restiug  immediately  upon  the  sandstone, 
at  Janesville,  is  a  limestone  with  grains  of  the  same  sand  intermixed,  giving  it  the 
form  and  appearance  of  an  oolite  limestone ;  the  amount  of  sand  diminishing  as  yon 
rise  from  the  surface  of  the  sandstone.  It  accords  exactly  with  the  description  given 
of  a  portion  of  the  calciferous  sandstone  of  New  York,  and  contains  the  same  fucoid 
(Palaiophycus  tubularis),  as  well  as  other  characteristic  fossils.  Its  character  and  rel- 
ative position  also  clearly  show  that  it  is  the  same  rock  that,  farther  west  and  north, 
is  called  the  Lower  Magnesian  Umesionef  by  Drs.  Owen  and  Locke.* 

In  the  same  report,  Mr.  Charles  Whittlesey  describes  the  sandstone  as 
it  occurs  near  Wolf  Biver,  etc.,  stating  it  to  be  a  sandstone  easily 
crushed  between  the  fingers,  which  has  been  so  extensively  denuded 
that  it  is  only  here  and  there  that  a  trace  of  its  former  existence  is 

1  Od  the  geology  of  the  Wostern  States.    Am.  Jour.  Sci.,  vol.  45,  1843.  p.  184. 

*0«feo,  David  Dale:  Report  of  a  geologioal  reoonoaUsance  of  the  Cbippo^a  land  dUtrict  of  Wis- 
coDBin,  and  iDcidentally  of  a  portion  of  *  *  *  Iowa  and  of  the  Minnesota  territory.  Letter  of  the 
Secretary  of  the  Treaaory  oommanioating  a  repoit  of  a  geological  reconnaiseance  of  ih^  Chippewa 
land  district  of  Wiaoonain,  e(o.,  by  D.D.  Owen,  Thirtieth  Congreea,  first  aesaiou,  Senate  Bz.  Doc  No. 
57, 1848,  p.  13. 

*0p.cit.,p.l4. 

*0p.  cit,  p.  lA. 

*  Tetter  on  geology  of  Wieconain  Territory.    Ball.  Soo.  g6oL  France,  2"  s6r.,  toL  6, 1848,  pp.  294-298. 

*  Lapham,  L  A. :  *'0n  the  geology  of  the  soatbeaatern  portion  of  the  StAte  of  Wisconain,  being  the 
part  nut  aurveyed  by  United  Statea  geologiata."  Rept  on  the  geology  of  the  Lake  Sapetlor  land  die- 
trict,  by  Foater  and  Whitney,  part  2, 1851,  p.  168. 
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left'    On  the  Upper  MeDomonee  Biv^er  the  sandstone  has  a  thickness 
of  150  feet,  and  the  entire  thickness  is  estimated  at  200  feet. ' 

In  giving  an  acconnt  of  his  investigations  in  connection  with  the 
goological  survey  under  the  direction  of  Messrs.  Foster  and  Whitney, 
Prof.  J.  Hall  states : 

I  have  also  satiBfied  myself  that  the  sandstones  of  the  Upper  Mississippi  are  of  the 
same  age  as  the  Potsdam  sandstones,  and  that  the  Lower  Magnesian  limestone  of  the 
Western  geologists  is  identical  with  the  oaloiferoos  sandstone  of  New  York,  the  next 
member  of  tlie  series  above  the  Potsdam  sandstone.  The  thin  bed  of  sandstone  sno- 
eeeding  this  rook  oan  not  be  identified  as  the  Potsdam  sandstone  by  itself,  bntmnst 
be  regarded  as  a  repetition  of  the  arenaceous  deposits  below,  which  likewise  alter- 
nate with  the  calciferons  sandstone  near  its  base.' 

He  thus  corroborates  the  view  of  Dr.  D.  D.  Owen  that  the  lower  sand- 
stone of  Wisconsin  is  the  equivalent  of  the  New  York  Potsdam. 

In  1851  M.  E.  Desor  called  attention  to  the  presence  at  St.  Oroiz  of 
a  fussiliferous  sandstone  800  feet  beneath  that  described  by  Professor 
Hall,  in  which  he  found  fossils.^ 

In  a  paper  on  the  paleontology  of  the  lowest  sandstone  of  the  north- 
west Dr.  D.  D.  Owen  states  that  he  observed  multitudes  of  Lingulas 
and  Orbiculas  disseminated  in  strata  abutting  against  the  southwest 
side  of  the  trap  range  that  crosses  the  St.  Oroix  Biver  at  the  falls. 
This  was  in  1847.  During  the  remainder  of  this  season  and  in  that  of 
1848  he  found  liner-graiued  and  more  laminated  soft  sandstones,  with 
subordinated  silico-calcareous  layers,  charged  with  Obolus,  like  those 
which  characterize  the  lowest  sandstones  of  Russia.  This  was  in  a 
section  on  the  Mississippi,  between  the  Falls  of  St.  Anthony  and  the 
mouth  of  the  Wisconsin  River.  From  the  results  of  these  observations 
he  finally  developed  beneath  the  Lower  Magnesian  limestone  at  least 
six  different  trilobite  beds,  separated  by  from  10  to  150  feet  of  intervening 
strata.' 

In  the  final  report  on  the  geology  of  the  Upper  Mississippi  Valley,  the 
same  writer  describes  the  lower  sandstone  as  composed  of  light-colored 
quartzoae  sandstone  that  forms  the  greater  part  of  the  formation,  with 
intercalations  of  magnesian  limestone,  especially  toward  its  upper  part, 
where  it  graduates  into  Formation  No.  2,  and  at  certain  localities  argil- 
laceous, and  other  beds  of  a  mixed  character  form  a  considerable  por- 
tion of  its  lower  mass."  In  a  table  of  the  elementary  stratification  of 
the  lowest  Protozoic  sandstones  he  places  the  Lake  Superior  ferrugi- 

>  Kemarks  apon  the  Motion  trom  the  falls  of  Wolf  River,  thioagh  Kavuioo  to  Lake  Michigan. 
Bepl  on  the  geology  of  the  Lake  Superior  land  district,  by  Foster  and  Whitney,  part  2, 1851,  p.  174. 

*  Whittlesey,  Charles :  The  dip,  bearing,  and  thickness  of  the  Silnrian  groups.   Kept  on  the  geology 
of  the  Lake  Superior  land  district,  by  Foster  and  Whitney,  part  2, 1851,  p.  183. 

'  (Oeologloal  inTcsttgatlons  on  Drammond's  Island  and  the  north  shores  of  Lakes  Huron  and  Michi- 
gan, ef c.)    Am,  Acad.  Pipe.,  voL  2, 1851,  p.  264. 

*  I  PubMlam  sandstone  on  the  river  St.  Oroiz.  J    Boston  Soo.  Nat  Hist.  Proc,  vol.  8, 1851.  p.  202. 

*0n  the  paleontology  of  the  lowest  sandstones  of  the  Northwest.    Am.  Assoc.  Proc.,  rol.  5,  1851 
pp.  160-172. 

■  Geol.  Surr.  of  '\7iseonsin,  Iowa,  and  Minnesota.,  and  incidentally  of  a  portion  of  Nebraska  Territory, 
Philadelphia,  1862,  p.  48. 
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noo8  and  argillaceous  sandstones,  shales,  and  cooglomerates  at  the  base, 
assigning  it  a  thickness  of  5,000  feet.  Above  this  occur  coarse  grits  and 
sandstones  of  the  Chippewa,  Black  and  Wisconsin  Rivers.^  The  placing 
of  the  lower  sandstone  of  Lake  (Superior  in  this  position  is  theoretical. 
Above  the  coarse  sandstone  the  formation  is  divided  into  six  trilobite 
beds,  as  follows : ' 

Table  of  the  elementary  stratification  of  the  lowest  Protozoic  sandstones. — 

Formation  1. 

Feek 

'  Quarizose,  ligblrOoloFed  sandstones  of  ▼arioos 
degrees  of  iuduration,  with  intercalations  of 
beds  of  magiiesian  limestone,  with  Klisten- 
inff  crystalline  facets,  and  calcareo-siliceoas 
oolite,produoed  by  rounded  grains  of  quartz, 
/.  ^  encased  in  calcareous  cement,   containing 

Euomphalas  and  imperfect  Trilobites.    Lo- 
cally with  a  baud  of  green  earth SOto   85 

Mammillary  and  botryoidal  layer  of  white    . 
sandstone;  sometimes    banded    with    yel- 
low 5  to  6  inches. 

Thick  beds  of  soft,  yellowish  and  brown  sand- 
stone, sometimes  with  botryoidal,  hard,  oro- 
jecting  concretions  passing  downward  into 
fine-grained  soft  sandstones  approaching 
tripoli 40  to  50 

IAsli- colored  and  yellowish  argil lo-caloareous 
still  water  Trilobite  bed 8to   10 

Qreen,red,aod  yellowish  sandstones  with  thin, 

schistose,  doloniitic  intercalations 40 

Upper,  brown  doloinitio  layers  containing 
Orthis,  Lingnlas,  and  columns  of  Crinoidea 

as  at  La  Grange  Mountain 4 

(  Alternations  of  yellow,  laminated  sandstones, 

Fourth  Trilobite  bed . .  <      wi th  green  particles  disseminated 5 

(  Marine  Mill  Trilobite  grit 5 

Fucoidal  layers,  and  t>hin-bedded  green  and 
yellow  sandstones,  at  their  base  often  a 
band  of  abontO  inches  of  green  earth  used 

by  the  Indians  as  a  pigment SOto   40 

Green  and  red  sandstones,  charged  with  sili- 

d.  I  cateofiron 6 

Loose,  green  sand,  and  soft  green  sand- 
stone   15 

Micaceous  sandstone,  containing  DikelO' 
cephalus  menisk^iensiSf  D»  granulo»af  etc  ....  8 

Third  Trilobite  bed      J  Alternations  of  green  and  ferruginous  sand- 

*'  stones 20 

Micaceous  sandstones  containing  D.  meniS' 

kaenriSf  eto 8 

Thin  layers  of  green  sand,  alternating  with 
green  earth,  impregnated  with  silicate  of 

iron 30to  40 

Lower,  brown  siliceo-oalcareous  and  dolo- 
mitio  bands  of  Mountain  Island,  and  else- 
where    4 

Soft,  thin-bedded  sandstones,  with  scales  of 

mica  disseminated lOto   15 

c ••.•••. Coarse  lingula  grit,  green,  yellow,' sometimes 

almost  white 100  to  130 

I  Op.  dtn  Ik  sa.  'Op.  oit,pp.6a,si. 
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Table  of  the  elementary  stratification  of  the  Lowest  Protozoie  sandstonesy 

etc. — Con  tiuaed. 

Fe«t 
C  FiDe  grit  Plaoe  of  the  Menomonie  Trilobite 
Second  Trilobite  bed..  <     grit  (T).   White  and  jrellow  saDdstone,  and 

(     Obolns  layers  of  Black  River 15 

IFerraginous  Trilobite  grit&    Schistose  sand- 
stone, containing  fork-tailed  Trilobite  beds 
and  Obolns  layers 1  to     8 
Magnesio-calcareous  rook,  with  Obolns  and 
fork-tailed  Trilobite 3 

Highly  fossil iferons  schistose,  siliceo-oalcare- 
ons  layers,  iuterlainiuated  with  argillaceoos, 
marly  bedd,  charged  with  sulphate  of  iron ; 
the  former  full  of  Lingulas  and  Orbiculas 
(Falls  of  St.  Croix) 60 

f  Sandstone,  with  oblique  lines  of  deposition, 
alternating  with  pebbly  sandstones  and 
coarse  grits  of  the  Chippewa  and  Black  and 

Wisconsin  Rivers  near  the  falls 50  to  100 

Place  of  the  Lake  Superior  ferrnginons  and 
argillaceous  sandstoues,  shales,  and  con- 
glomerates   5,000 

The  geographic  distribntion  of  the  formation  is  shown  on  the  map 
aooompanjing  the  report. 

The  local  details  of  the  sections  in  Wisconsin  are  reported  npon  by 
Prof.  B.  F.  Shnmard.  Much  of  the  information  here  given  was  used 
by  Dr.  (J  wen  in  giving  the  summary  of  the  divisions  referred  to  Forma- 
tion No.  1,  or  the  lower  sandstone.^ 

The  sandstones  of  the  south  shore  of  Lake  Superior  are  described  by 
Mr.  J.  O.  Norwood,  and  a  section  given  of  them  as  seen  at  the  month  of 
Cranberry  Biver.  He  also  describes  the  sandstones  of  the  St.  Croix 
Biver.* 

In  his  annual  report  of  the  geological  survey  of  the  State  of  Wiscon* 
sin  Prof.  J.  G.  Percival  describes  the  lower  sandstone  with  consider- 
able detail,  but  without  special  addition  to  the  information  given  by 
Dr.  Owen.  He  separates,  however,  the  quartz  rock  of  the  Baraboo 
and  of  Portland  from  the  Lower  sandstone.' 

The  volume  of  the  geological  survey  of  Wisconsin,  by  Prof.  James 
Hall,  contains  a  general  account  of  the  Potsdam  sandstone.    The  open 
ing  paragraph  describes  it  as  follows: 

The  lowest  rock  of  the  series  is  the  Potsdam  sandstone,  which  is  known  in  the  north- 
west as  the  LfOwer  sandstone,  in  contradistinction  to  the  Upper  or  St.  Peter's  sand- 
stone, which  lies  above  the  Lower  Magnesian  limestone.  This  is  equiyalent  to  the 
Potsdam  sandstone  in  New  York,  and  holds  in  all  respects  the  same  geological  position ; 
it  is  the  lowest  foflsiliferous  rock  observed  in  the  geological  surveys  of  New  York, 
where  it  received  its  name. 

This  rock  has  been  traced,  with  slight  interruptions,  westward  from  Lake  Cham- 

1  Geol.  Report  of  ]o<»l,  detailed  obeervatlona  Id  the  valleys  of  the  Minneeota,  Missiuippi,  and  WIeoon* 
ain  KiTera.  Report  of  a  geological  snrTey  of  Wiaconeio,  Iowa,  and  Minnesota;  and  inoidentally  of 
a  portion  of  Nebraska  Territory.    Philadelpbia,  1852,  pp.  475-631. 

*Oeol.  Report  of  a  aurrey  of  portions  of  Wisconsin,  and  Minnesota.  Rep.  Geol.  Surv.  of  Wisoonabi, 
Iowa,  and  Minnesota;  and  inoidentally  of  a  portion  of  Nebraska  Territory.  Philadelphia,  1852, pp. 
275-277. 

*  Aimnal  Report  of  the  Geological  Sarvey  of  the  State  of  WisoonsliL    MadisoD,  18SC,  ppw  M-lOl^ 
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plain  throiifvb  Canada  to  the  outlet  of  Lake  Soperior  and  along  the  aoath  shore  of 
that  lake.* 

This  is  followed  by  a  general  account  of  the  formation  and  of  the  or- 
ganic remains  found  in  it.' 

In  the  same  volume  Prof.  J.  D.  Whitney  prints  a  brief  rtenmS  of  the 
Potsdam  or  lower  sandstone.' 

In  a  paper  entitled  ^'Preliminary  notice  of  the  fauna  of  the  Potsdam 
sandstone,"  Prof.  James  Hall  states  that  in  1850  he  had  the  opportunity 
of  tracing  the  formations  from  Drummond's  Island  and  St.  Mary's  River 
to  the  head  of  Green  Bay  and  thence  across  the  country  to  the  Missis- 
sippi Biver.^    He  comes  to  this  conclusion : 

The  position  of  the  sandstone  on  the  St.  Mary's  admitted  of  no  donbt,  and  its  rela- 
tive position  to  the  lower  limestone  had  before  that  time  been  well  deterraine<f,  and 
the  same  was  likewise  ascertained  by  the  several  exploring  parties  along  different 
lines  between  Lake  Superior  and  Green  Bay. 

Thronghont  Wisconsin  there  is  no  difficulty  in  leoognizing  the  following  sequence : 

Trenton  limestone ; 

Black  River  or  Buff  limestone; 

Birdseye  limeiitone; 

St.  Peter's  sandstone; 

Lower  Magnesian  limestone,  or  oaloiferons  sandstone; 

Potsdam  sandstone. 

The  St.  Peter's  sandstone  holds  the  place  of  the  Chazy  limestone  of  the  more 
eastern  localities,  and,  with  this  exception,  we  have  the  same  sequence  that  we  find 
in  New  York,  many  of  the  fossils  being  common  to  the  limestone  of  New  York  and 
Wisconsin. 

Dr.  Owen,  in  his  published  report,  has  adopted  this  view  of  the  sequi-nce,  and  the 
exploiations  of  subsequent  years  have  confirmed  the  opinions  then  entertained;  and 
I  believe  at  tliin  time  every  geologist  will  admit  the  identity  of  th^  Potsdam  sand- 
stone of  New  York  and  the  Lower  sandstone  of  the  Upper  MiHsissippi  Valley. 

In  speaking  of  this  sandstone  I  shaU,  therefore,  without  hesitation,  refer  to  it  as 
the  Potsdam  sandstone.* 

A  list  of  fossils  described  in  the  memoir  is  given  to  illustrate  their 
stratigraphic  position."  In  this  list  the  fauna  is  divided  into  that  of 
the  lower  beds,  middle  beds,  and  upper  beds,  the  latter  characterized 
especially  by  the  presence  of  the  genus  Dikelocephalns.  In  a  supple- 
mentary note  on  the  Potsdam  sandstone  that  accompanies  the  memoir 
he  gives  a  r6sum^  of  the  evidence  upon  which  the  lower  sandstone  of 
the  Upper  Mississippi  Valley  has  been  placed  in  parallelism  with  the 
sandstone  of  New  York,  known  as  the  Potsdam  sandstone,  as  follows  i'' 

In  comparing  the  older  rocks  of  New  York  and  of  the  East  generally  with  those  of 
the  West,  it  should  not  be  forgotten  that  there  is  a  long  interval  on  the  line  of  the 

*  Phj'sical  geoj^roph J  and  geoeral  geology.    Geol.  Surv.  Wlaconiiin,  Report,  vol.  1, 1862,  p.  14. 

*Op.cit,pp.20-23. 

"Stratigraphical  geologj.    Oeol.  Snrr.  Wiaconsln,  Rep. ,  vol.  1, 1882,  pp.  140>144. 

^FreliiniDary  Dotice  of  the  fauna  of  the  Potadam  sandHtone,  with  remarks  on  the  prerionaly  known 
apecieB  of  foaaila  and  deacriptions  of  aoine  new  onea  from  the  aandatone  of  the  Upper  Miaaiaaippi  Val- 
ley.   16th  Ann.  Rep.  RegonU  Univ.  K.  Y.,  State  Cab.  Nat.  Hiat ,  18G3,  pp.  1 19, 120. 

*Op.olt.,p.l20. 

*Op.cit.,p.209. 

'Op.oit.,pp.211.Jlll 
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iiorthem  onterop  of  these  ancient  strata,  between  the  St.  Lawrence  and  the  western 
limit  of  Michigan  on  the  Menomonee  Kiver,  where  we  can  expect  little  aid  from 
paleontology.  The  fossil! ferons  beds  of  those  ancient  formations  in  Wisconsin  lie  to 
tlie  west  of  what  appears  to  liave  been  a  groat  promontory  at  the  time  of  their 
deposition,  stretching  southward  from  the  region  of  Lake  Superior  far  into  the 
ancient  sea.  The  disconnection  caused  by  this  promontory  between  the  East  and 
the  West  would  of  itself  prepare  as  to  expect  a  fauna  difiering  iu  a  great  degree 
from  beds  of  corresponding  age  on  the  opposite  sides. 

It  has  been  shown,  by  the  investigations  of  the  Canadian  Survey,  that  not  only  the 
Potsdam  sandstone,  but  all  thefossiliferous  beds  below  the  Birdseye  and  Black  Kiver 
limestones  are  absent  from  Kingston  on  Lake  Ontario  to  Laclyche  on  Lake  Huron. 
From  Lacloche  to  Lake  Superior  there  is  a  sandstone  coming  iu  below  the  Birdseye 
limestone,  which,  from  its  position,  may  be  considered  of  the  age  of  the  Chazy*  for- 
mation and  equivalent  to  the  St.  Peters  sandstone  of  Wisconsin  and  Minnesota ;  and 
it  is  this  sandstone,  doubtless,  which  has  been  taken  for  the  Potsdam  sandstone  in 
some  localities  along  that  line. 

The  succeeding  Birdseye  and  Black  River  formation,  from  Lacloche  to  Lake  Su- 
perior, has  become  a  buff-colored  maguesiau  limestone,  or  weathering  externally  to 
this  color,  but  still  holding  the  characteristic  fossils. 

In  New  York  a  sandstone  (the  Potsdam)  lies  immediately  beneath  a  magnesian 
limestone  (the  '*  Calci ferons  sandrock''):  this  deposit  is  succeeded  by  a  calcareous 
formation  (the  Chazy),  including  a  sandstone  and  surmounted  by  the  Birdseye,  Black 
River,  and  Trenton  limestones. 

In  Wisconsin,  Iowa,  and  Minnesota,  we  have  undoubted  Trenton  limestone,  and 
below  it  a  buff-colored  magnesian  limestone  containing  so  many  of  the  characteristio 
fossils  of  the  Birdseye  and  Black  River  limestones  as  to  leave  no  doubt  of  the  paral- 
lelism of  these  beds  with  those  of  New  York.  Below  this  magnesian  limestone  we 
have  the  St.  Peters  sandstone,  corresponding,  as  already  shown,  with  the  Chazy  for- 
mation; and  beneath  this  a  muguesian  limestone,  which,  in  its  position  and  litholog- 
ical  character,  corresponds  in  all  respects  with  the  "  Calciferous  sandrock"  of  New 
York. 

It  is  from  all  these  facts  that  the  lower  sandstone  of  the  Upper  Mississippi  Valley 
has  been  placed  in  parallelism  with  the  sandstone  of  New  York  known  as  the  '*  Pots- 
dam." 

Notwithstanding,  however,  that  this  sequence  is  precisely  like  that  observed  in  New 
York,  it  may  not  yet  be  regarded  as  proved  that  the  sandstone,  from  which  I  have 
described  these  fosbils,  is  in  all  respects  the  equivalent  of  the  Potsdam  sandstone  of 
New  York,  Vermont,  and  Canada.  It  may  represent  more,  or  it  may  represent  less 
than  that  formation.  The  lotoer  accessible  beds  of  the  Mississippi  Valley  may  repre- 
sent the  Potsdam  of  150  or  200  feet  in  thickness  in  the  typical  localities  in  New  York, 
while  the  middle  and  upper  beds  of  the  West  may  be  of  epochs  not  represented  in 
that  part  of  the  series  studied  in  New  York ;  and  in  some  other  places,  as  in  the  re- 
gions just  mentioned,  the  same  epochs  may  be  represented  by  a  shaly  or  Bemicaloa- 
reous  deposition,  or  may  bo  included  in  the  commencement  of  the  Caloiferous  epoch. 
It  should  not  therefore  be  regarded  as  decided  that  the  Potsdam  sandstone,  as  devel- 
oped in  New  York,  occupies  the  entire  interval  from  the  base  of  the  oldest  sedimen- 
tary formation  of  the  Paleozic  era  to  the  Caloiferous  sandstone.  From  what  we 
know  of  the  primordial  fauna  in  other  localities,  we  are  prepared  to  find  beds  above 
or  below,  or  both  above  and  below,  the  epoch  represented  (so  far  as  now  known)  by 
the  Potsdam  sandstone  of  New  York,  and  which  may  still  be  of  the  same  period. 

*The  "Chaiy  formation"  of  the  Canadian  Gcolofiical  Survey, in  its  eastern  IochIIUos,  inclndee  a 
aandstone  which  comos  in  below  the  greater  part  of  the  llmestonet  leaving  f]\im  10  to  20  feet  of 
khale  aad  limestone  beneath  (Geology  of  Canada,  1863,  p.  123^.  It  is  apparently  thin  Si^ndstone  of  the 
Cbasy  formation,  having  in  Canada  a  thickness  of  60  feet,  which  has  become  aogmented  in  itrwest- 
•m  extension,  while  tho  calcareous  part  of  the  formatipn  has  partially  or  eiitireiy  disappeared* 
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« 

He  then  enters  ui^on  tbc  discussion  of  the  relative  age  of  the  sand- 
stones of  Wisconsin  and  those  of  Lake  Superior,  and  concludes  that 
while  the  older  beds  of  the  latter  area  are  apparently  below  the  fossil- 
iferous  beds  of  the  Upper  Mississippi  Valley,  the  newer  sandstone  of 
the  St.  Mary's  River,  which  is  apparently  of  the  age  of  the  St.  Peter 
sandstone,  or  the  Ohazy  formation,  will  be  found  overlying  the  fossil- 
iferous  sandstone,  either  with  or  without  the  intervention  of  the  Lower 
Magnesiau  limestone.^ 

On  a  geoIogical»inap  of  Wisconsin  published  in  1855  Mr.  L  A.  Lapbam 
delineates  the  distribution  of  a  sandstone  occurring  beneath  the  Lower 
Magnesian  limestone.  Under  the  same  color  he  includes  the  sandstone 
on  the  south  shore  of  Lake  Superior,  both  on  the  north  and  southeastern 
side  of  the  trap  rocks  of  Keweenaw  Point.  The  distribution  of  the 
fossiliferouH  sandstone  south  and  southeast  and  east  of  the  northern 
area  of  the  primitive  rocks  is  also  laid  down.^  In  a  new  geologiciil 
map  of  Wisconsin,  published  in  1SG1>,  only  the  sandstones  of  the  north- 
western portion  of  the  State  are  colored  as  Potsdam  sandstone.  In  the 
vicinity  of  the  shores  of  Lake  Superior  the  Michigan  area  on  the  map  of 
1855  is  left  uncolored. 

A  pajjer  on  the  age  of  the  quartzites,  schists,  and  conglomerates  of 
Sauk  County,  Wisconsin,  by  Prof.  1{.  D.  Irving,  proves  conclusively 
that  the  quartzites  are  of  pre-Potsdam  age,  and  that  the  latter  are  de. 
posited  unconformably  upon  the  flanks  of  the  hill  formed  Ky  the  quartz- 
ites.^ The  evidence  given  by  Prof.  Irving  negatives  the  conclusion  ar- 
rived at  by  Dr.  Alexander  W^inchell  in  his  description  of  tie  fossils  of 
Sauk  County,  where  he  states  that  Ptychaspis  and  Dikelocephalus 
occur  at  the  base  of  the  Potsdam,  and  that  the  quaitzites  in  question 
are  the  lower  beds  of  the  Potsdam  formation.^  In  the  region  of  south- 
central  Wisconsin,  especially  in  Dane  and  Columbia  Counties,  Prof. 
Irving  obtained  a  thickness  of  800  feet  for  the  lower  or  Potsdam  sand- 
stone, and  for  the  superjacent  Mendota  limestone  30  feet,  above  which 
occurs  the  Madison  sandstone,  with  a  thickness  of  35  feet.  He  refers 
only  the  lower  or  Potsdam  sandstone  to  the  Primordial." 

The  sketch  on  the  geology  of  northern  Wisconsin  by  Mr.  E.  T.  Sweet 
gives  a  general  description  of  the  Potsdam  sandstone,  and  attention  is 
called  to  the  fact  that  all  the  strata  at  the  falls  of  St  Croix  belong  to 
this  sandstone  formation  and  that  none  of  them  are  of  igneous  origiu, 
as  suggested  by  Dr.  Oweu.® 

»0p.  cit.p.  220. 

'  Lnpliain,  I.  A.:  Geological  Map  of  Wisconsin.    Milwaukee,  1856.    Also  a  map  for  1869. 

'Od  tlio  age  of  the  quartzites,  schists,  and  conglomerates  of  Sank  Coauty,  Wisconaiu.  Am.  Joar. 
Sci  ,  3d  sen,  vol.  3,  1872,  pp.  05-09.    Wise  Acad.  Sci.  Trans.,  vol.  1, 1<$72,  pp.  129-137. 

^ICotico  of  a  siuall  collection  of  fossils  from  the  Potsdam  sandstone  of  Wisconsin  and  the  Lake 
Superior  snndstone  of  Michigan.    Am.  Junr.  Sci.,  2d  ser.,  vol.  37,  1864,  pp.  226-232. 

*  Note  on  some  new  points  in  the  elementary  stratification  of  the  Primordial  and  Canadian  rooks  of 
eoiiih  central  WJHConsin.    Am.  Jour.  ScL,  3d  ser.,  vol.  9,  1875,  pp.  441, 443. 

*Nutos  on  the  geology  of  northern  Wisconsin.    Wiso.  Aoad.  Sd.  Trans.,  rol.  8, 1870,  p.  fil. 
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A  note  on  thea^eof  the  Crystalline  rocks  of  Wisconsin  by  Prof.  Irving 
{States  that  the  exact  junction  between  the  Potsdaoi  and  the  Huronian 
lorinations  is  often  to  be  seen,  the  almost  loose  sand  of  the  Potsdam, 
with  uumeroas  fossils,  together  with  fragments  derived  from  the 
o1di*r  rocks,  lying  upon  and  wedged  in  between  the  tilted  edges  of 
linronian  quartzite,  schist,  or  other  rock.  Exactly  similar  unconforni- 
sibility  is  to  be  seen  at  the  Dalles  of  the  St.  Groix  River  between  the 
Potsdam  and  copper- bearing  series;  the  horizontal  beds  of  the  former, 
filled  with  shells  of  Lingulelia,  lying  directly  upon  the  colnmar,  mela- 
phyre(f)  of  the  latter  series,  the  exact  junction  of  the  two  series  being 
exposed.^ 

The  description  of  the  geology  of  eastern  Wisconsin  by  Prof.  T.  0. 
Chamberliu  contains  a  detailed  account  of  the  ^'  Potsdam  sandstone.'' 
He  says: 

That  it  IS  the  exact  equivaleut  of  the  Potsdam  Bandstone  of  Now  York,  as  would 
seem  to  be  impHed  by  the  name,  is  not  absolutely  certain,  bnt  as  the  term  has  been 
used  to  designate  this  formation  in  previous  reports  upon  the  geology  of  the  State, 
and  as  the  weight t)f  evidence  and  authority  favors  this  view,  the  name  Potsdam 
sandstone  wiU  be  used  without  further  qualification  in  this  report.'   ' 

The  sandstone  varies  greatly  in  thickness,  ranging  from  zero  to  about 
1,000  feet.  A  detailed  acconnt  of  the  formation  is  given  with  a  list  of 
the  fossils  found  in  the  sandstone.  The  Madison  sandstone  and  Men- 
dot  a  limestone  are  included  as  subdivisions  of  the  terrane. 

Reference  to  the  description  of  the  Lower  or  "  Potsdam  "  sandstone 
series  of  central  Wisconsin  _by  Prof.  B.  D.  Irving,'  will  be  made  under 
the  description  of  the  Potsdam  terrane  in  Wisconsin. 

A  general  description  of  the  mode  of  occurrence  and  character  of  the 
Potsdam  sandstone  in  the  lead  regions  of  northwestern  Wisconsin  was 
published  by  Mr.  Moses  Strong  in  1877.* 

Ul)on  the  basis  of  work  in  St.  Croix,  Dunn,  aud  adjacent  counties, 
Mr.  L.  0.  Wooster subdivided  the  "Potsdam''  as  follows:* 

The  nnmbers  indicate  the  distances  bolow  the  Lower  Magnesian  limestone. 

(a)  Upper  calcareons  baud:  This  varies  greatly  in  thickness,  and  is  the  probabln 
northwestern  equivalent  of  the  Mendota  limestone  near  Madison ;  75  to  85  feot. 

(6)  Lower  calcareons  band:  Tho  limestone  characters  and  the  thickness  are  more 
onifonuly  persistent  than  in  a;  14:)  t>o  195  feet. 

(o)  Hudson  trilobite  beds:  Qnite  rich  in  trilobites  and  brachiopods,  including  one 
new  species  of  the  former,  with  several  undetermined  ones;  150  to  200  feet. 

{d)  Glauconite  layers:  These  comprise  those  layers  which  are  very  rich  in  glauc«>- 
nite.    Crinoid  stems  were  found  in  these  at  Hudson;  160  to  210  feet. 

In  6,  c,  and  d,  the  lesser  distance  from  the  Lower  Magnesiau  is  trnc  for  western  St. 
Croix  Conuty,  while  the  greater  is  nearer  true  for  points  east. 

'Note  on  the  sgeof  the  CrystaHine  rooka  of  WiaoonsiiL  Am.  Joar.  Sci.,  8d  8er.,  vol.  13,  1877,  p. 
SOS. 

'(Geoloitj  of  OMtern  WUooniiin.)    Gool.  Wise,  Siirv.  of  l87<»-*77,  vol.  2,  1877,  p.  257. 

*  (Geology  of  oeotnl  WlMOntio.)    Gool.  Wise,  Snrv.  of  1873-77,  toI.  2, 1877,  pp.  625-007. 

«GeoL  Wi»c  Sarr.  ot  1873-'77,  yol.  2, 1877,  pp.  668-688. 

■Work  ia  St Ciolz,  Daun, and  s^JMeut  oouiiUes.  GooL Sarv.  Wi«coaAiu,  Aua.  K«sp.  fur  1877, 1878 
PP.MII7. 
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(e)  Kail  Claire  triloblto  beds:  These  hold  at  least  seven  species  of  trilobites,  of 
which  three  are  new,  and  a  few  brachiopods.  These  beds  mark  the  lower  limit  of 
oalcarooas  matter  in  the  formation;  450  feet. 

(/)  Eau  Claire  grit:  These  layers  mark  the  npper  limit  of  the  coarse  sandstones, 
almost  conglomerates;  680  feet. 

Tlie  mode  of  occurroiice  and  cbaractor  of  the  <'  Potsdam"  sandstono 
in  the  upper  St.  Groix  district  is  described  in  great  detail  by  Mr.  Moses 
Strong.^  In  this  ho  shows  the  unconformity  between  the  ^^  Potsdam" 
and  the  subjacent  strata  referred  to  the  Keweenawan  (Keweenaw) 
series,  and  describes  the  various  sections  of  the  sandstone  exiM>sed. 
The  kuQwledge  of  the  local  details  of  the  distribution  and  character  of 
the  ^'Potsdam"  sandstone  of  the  Mississi[)pi  region  north  of  the  Wis- 
consin River  was  increased  by  him  in  1882  by  the  publication  of  many 
sections  and  descriptive  details  that  will  be  used  in  a  summary  of  our 
knowledge  of  the  Cambrian  rocks  of  that  region.^ 

The  "  Potsdam"  terrane  of  the  lower  St.  Oroix  district  wasdescribed 
by  Mr.  L.  O.  Wooster  in  the  same  volume  with  the  report  of  Mr.  Strong. 
This  report  also  contains  considerable  data  that  will  be  referred  to  iu 
the  description  of  the  Cambrian  rocks  of  the  region.^ 

The  geographic  distribution  of  the  '^  Potsdam  "  sandstone  and  its  re- 
lation to  the  subja(}ent  pre-Cambrian  rocks  and  the  superjacent  mague- 
sian  limestone  is  shown  with  great  accuracy  upon  the  general  geologi- 
cal map  of  Wisconsin,  published  iu  1881,  and  in  the  two  sections  at  the 
bottom  of  the  sheet. 

A  note  by  A.  A.  Young  on  the  crystallized  sands  of  the  '*  Potsdam  " 
sandstone  of  Wisconsin  describes  the  manner  in  which  the  original 
grains  of  the  sandstone  are  surrounded  by  crystalline  envelopes  of 
quartz.^ 

The  summary  of  the  geology  of  Wisconsin  by  Prof.  T.  0.  Chamber- 
lin  contains  a  description  of  the  rocks  of  the  '^  Potsdam  "  period.  These 
include  the  ^^ Potsdam"  epoch,  the  Lower  Magnesian  epoch,  and  the 
St.  Peters  epoch,  in  part.  A  general  description  of  the  formations,  ac- 
companied by  an  account  of  the  life  of  each  epoch,  is  followed  by  some 
general  observatioqs  upon  the  Cambrian  age,  to  which  the  formations 
are  referred.* 

The  occurrence  of  a  conglomerate  formed  of  bowlders  from  the  trap 
of  the  cop  per- bearing  series  in  a  matrix  of  sandstone  that  contains  frag- 
ments  of  Linguloid  shells,  apparently  Linguleiyis  pinnaformis^  is  notetl 
by  Mr.  L.  C,  Wwister  at  a  locality  on  the  St.  Croix  River.  From  \  he 
mode  of  occurrence  of  the  conglomerate  he  concludes  that  it  must  have 

'  Geology  of  the  upper  St  Croix  district.  Geolo;;y  of  Wiaooneiu,  survey  of  1873-1879, 1880,  vol.  3.  pp. 
390-128. 

*fGeolo.2;y  of  tho  Mississippi  regioa  north  of  the  Wisconsin  River.]  Gool.  Wisconsin,  survey  of 
187:^79,  vol.  4, 1882,  pp.  88-91. 

*  [Geology  of  the  lower  St  Croix  district  J  OeoL  Wisconsin,  survey  of  1873-*79,  voL  4. 1882,  pp.  100- 
130. 

*  Further  observst  ions  on  the  crystallised  sands  of  the  Potsdam  sandstone  of  Wisconsin.  Am.  J  oar 
Sci.,  U  son,  vol.  24, 1882,  pp.  47-49. 

«  General  Geology.    GeoL  Wiaconain,  aorrey  of  1973-79,  toL  1, 1883,  pp.  119-300. 
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accoinalated  along  a  cliff  of  the  copper-bearing:  rocks  and  that  the  age 
of  the  conglomerate  mnst  be  late  "  Potsdam."^ 

In  an  extended  paper  on  the  classification  of  early  Cambrian  and 
pre  Cambrian  formations  Prof.  B.  D.  Irving  illastrates  the  anconforinity 
between  the '^  Potsdam "  sandstone  and  the  subjacent  Huronian  and 
Keweenawan  rocks.  He  also  discusses  the  similar  stratigraphic  rela- 
tions of  the  Cambrian  and  pre-Cambrian  rocks  of  the  Grand  Canon 
Region.' 

MINNESOTA. 

The  presence  of  the  lower  sandstone  along  the  Mississippi  River 
below  the  Falls  of  St.  Anthony  to  the  Iowa  line  was  proved  by  the 
survey  of  Dr.  D.  D.  Owen  in  Wisconsin,  Iowa,  and  Minnesota.  Alter- 
nating exposures  of  the  strata  occur  along  the  river  and  some  of  the 
tributaries  flowing  into  it  from  the  west.'  On  the  accompanying  map 
there  is  ^Iso  a  narrow  area  colored  Potsdam  along  the  valley  of  the 
Minnesota  or  St.  Peter's  River. 

Little  additional  information  in  regard  to  Minnesota  was  l)ublished 
until  Prof.  N.  H.  Wiuchell,  in  the  first  annual  report  of  the  geological 
survey  of  Minnesota,  discussed,  under  the  title  of '^  Potsdam  Sandstone," 
the  Sioux  quartzite  of  northwestern  Minnesota,  and  ^'The  St.  Croix 
Sandstone,"  the  fossiliferons  sandstone  of  the  southeastern  portion  of 
the  State,  referred  to  the  Potsdam  by  Dr.  Owen.*  Of  the  term  *' Pots- 
dam," he  says: 

This  term  is  strictly  applicable  only  to  the  sandstones  of  New  York  State,  to  which 
tlie  name  was  first  given,  and  to  the  equivalents  of  those  strata  in  their  extension 
through  the  West.  It  has  been  abundantly  proved  that  the  red  sandstones  of  Lake 
Superior,  however  disturbed  and  changed  locally,  or  however  much  increased  in 
thickness  by  the  agency  of  volcanic  outbursts,  are  the  exact  equivalents  of  the  New 
York  Potsdam,  They  occupy  the  first  positiou  over  the  nietamorphio  slates  of  the  ^u- 
roRtan  rocks  on  which  they  lie  unconformably,  and  from  which  they  differ  in  being 
bnt  slightly  and  only  locally  metamorphosed.  They  retain  usually  their  evidently 
sedimentary  characters,  and  have  not  well  preserved  fossil  remains.* 

He  states  further  that  in  Wisconsin  the  upper  sandstones  are  found 
to  lie  unconformably  upon  the  red  sandstones  where  they  have  been 
tilted  by  volcanic  agency,  thus  referring  the  quartzite  of  Sauk  County 
to  the  Potsdam,  and  the  superjacent  fossiliferons.  Upper  Cambrian 
sandstones  that  have  been  correlated  by  authors  with  the  Potsdam  of 
New  York,  to  his  St.  Croix  sandstone.  The  red  sandstone  or  Sioux 
qnartzite  is  said  to  be  both  older  than  and  unconformable  with  the 

>  Tranaltlon  fronf  the  copper-bearing  series  to  the  Potadan:  4.m.  Jour.  Soi.,  3d  aer.,  voL  27, 1884,  pp. 
463-465. 

*0n  iheclaMifleation  of  the  eariy  Cambrian  an4  pre-Cambrian  formations.  U.  S.  Geol.  Sarv.,  7tb  Ann 
lUp.  for  188&->'M,  1888,  pp.  36j-4M. 

*(Jeol.  Siirr.  of  Wis.,  Iowa,  and  Minn.,  and  Incidentally  of  a  portion  of  Nebraska  Territory,  Phila* 
d>lpbia.18S2,pp.48,40. 

*  General  sketch  of  the  geology  of  Minnesota.  GeoL  and  Nat  Hist  Survey  Minnesota,  1st  Ann.  Rep. 
for  1872-'73. 1st  ed.,  pp.  96-80, 

•Op.eit,p.tt.  • 
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lifiClit  colored  sandatODes  that  occupy  a  conspfcnons  place  in  the  bluffs 
ol  tlie  Upper  Mississippi,  below  the  Lpwer  Maguesian  limestone.  Of 
the  Sioux  quartzite  he  says  that — 

Its  featares  here  are  easily  identifiable  with  those  of  the  Pot«dam  at  the  rapids  in 
tbe  St.  Mary's  River,  at  Sault  Ste.  Marie.  Miobigan.  la  their  passage  to  the  west,  the 
over-lying,  light-colored  sandstones  seem  to  beoonie  more  largely  developed.  They 
acquire  a  thickness,  inoladiug  the  intercalated  beds  of  shale,  of  about  600  feet  in  their 
exposures  along  the  Mississippi  River.  * 

Of  the  fossils  collected  from  the  horizontal  beds  at  the  Falls  of  the  St. 
Oioix  it  is  said  they : 

Were  <l(>scribed  as  coming  from  the  PoUdam  sandtlone,  SLud  were  supposed  to  belong 
to  »  horizon  much  lower  tban  that  of  the  Lingula  Beds  of  the  Potsdam  of  New 
York.  Tbe  uaiue  has  been  still  further  removed  from  Us  original  use  by  the  Iowa 
geolocjriHts,  in  its  application  onlit  to  these  upper  hedSj  and  in  giving  tbe  naiuo  Sioux 
ijuni'izite  to  tbe  western  representative  of  the  original  Potsdam,  Dr.  Owen,  altboiigb 
be  iticoguized  many  points  of  difference  between  tbe  Lake  Superior  and  Now 
York  /^o/tfdam,  and  tbese  ligbt-oolorc<l  sandstones  of  the  St.  Ciroiz  and  Upper  MIshIh- 
ftippi,  seoiiis  not  to  have  noted  the  important  facttbati^be  former  are  ever^Vbore  sub- 
ject to  distortious  and  fractures  by  volcanic  forces,  while  tbe  latter  aro  uever  known 
to  bo  diHtnrbcd  by  9nch  causes.  It  is  true  that  ho~einbraco8  both  the  red  and  tbe 
ligbt-colorod  sandstones  in  tbe  designation  of  "  Potsdam,  "  and  argues  at  length  to 
prove  tbe  great  age  of  tbe  red.  (Geological  Snrvey  of  Wisconsin,  Iowa  and  Minne- 
sota, p.  1H7.) 

It  is  in  accord  with  geological  precedent,  tberefore,  to  separate  these  two  sandstone 
formations  under  different  names,  retaiulog  tbe  name  of  Potsdam  for  tbe  older,  mu\ 
giving  provisionally  tbe  name  of  the  St.  Croix  River,  on  which  they  are  best  exposed, 
lo  tbe  tatter. 

Tbe  following  reasons  may  be  assigned: 

(I)  The  Potsdam  beds  were  laid  down  before  the  close  of  tbe  volcanic  disturbance  so 
evident  in  tbe  rocks  of  tbe  early  Silurian  and  pre-Siliiriau  ages;  tbe  St.  Croix  beds 
were  deposited  and  still  lie  in  horizontal  layers,  unconformably  not  only  over  the 
Laitrentiatt  and  latest  trappean  rocks  of  the  nortb  west,  bat  also  on  tbe  upturned 
beds  of  tbe  Potsdam.' 

(2)  This  reason  has  little  bearing  and  will  not  be  qaoted. 

(3)  The  litbological  characters  of  the  Potsdam  beds  are. uniformly  different  from 
those  of  the  Si.  Croix  beds.  The  former  are  hard  and  often  vitreous,  usually  of  a 
brick-red  color.  Their  bedding  is  very  distinct,  and  of  teu -separated  into  slaty  layers 
by  partings  of  red  shale.  They  are  strongly  marked  by  the  so-called  fucoidal  im- 
pressions. They  are  frequently  ripple-marked  and  snn-cracked.  The  latter  are 
white  or  butf-colored,  often  friable,  and  oonstitnte  a  heavy  bedded  or  massive  sand- 
stone, of  handsomely  rounded  quartzose  grains. 

(4)  This  notes  differences  in  chemical  composition. 

(6)  ^The  Potsdam  sandstone  has  a  thickness  of  at  least  400  feet;  (Note-— D.  Owen 
makes  tbe  thickness  of  the  Potsdam  (red  sandstones  of  Lake  Superior)  over  5,000  feet. 
See  Owen's  report  on  Wisconsin,  Iowa,  and  Minnesota,  p.  193);  tbe  St.  Croix  sandstone 
also  has  a  thickness  of  over  500  feet.  It  is  more  in  keeping  with  tbe  "canons  of  geo- 
logical nomenclature  to  give  separate  titles  to  formations  so  well  defined  and  so  largely 
developed. 

(7)  This  gives  the  evidence  of  paleontologic  differences.  He  states 
that  the  fossils  of  the  Potsdam  sandstone  of  Kew  York  are  Lingula 

>  Op.  cit.,  pb  Ml  *  Op.  cit.,  pp  00, 70.        «         ■  5th  does  not  ooonr  in  the  original. 
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antigua  (Con.)  and  Lingula  prima  (Con.),  a  Disoina  (or  Orbicnla),  ami 
uncertain  impressions  supposed  to  be  of  a  Pleurotomaria  and  of  crin- 
oidal  remains.  A  species  of  Tbeca  bas  also  been  described  from  Keese- 
ville-  In  comparison  to  tbis  be  cites  a  large  number  of  species  de- 
scribed by  Owen  and  Hstll  from  Wisconsin.^ 

'  (8)  In  tbis  it  is  sbown  tbat  the  number  of  species  of  tbe  Lake  Superior 
district  and  from  tbe  New  York  district,  in  tbe  sandstone  referred  by 
bim  to  tbe  Potsdam  sandstone,  are  tbe  same,  namely  tbree. 

Notwitbatanding  these  considerations,  it  has  not  been  thought  best  to  attempt  the 
delineation  of  tbe  areas  of  these  sandstones  separately  on  the  preliminary  geological 
map  accompanying  this  report.* 

A  detailed  description  of  tbe  litbological  characters  of  tbe  St.  Croix 
and  Potsdam  sandstone  is  also  given.^ 

Tbe  preceding  observations  by  Prof.  Wincbell  have  been  quoted  in 
detail  as  they  are  tbe  foundation  for  tbe  theoretical  views  subsequently 
advanced  by  bim  correlating  tbe  Potsdam  sandstone  of  New  York  with 
various  other  sandstones  of  pre-Silurian  age. 

On  tbe  map  accompanying  tbe  report  (opposite  p.  45)  the  Sioux  qnartz- 
ite  area  of  northwestern  Minnesota  is  colored  tbe  same  as  tbe  St.  Croix 
sandstone  of  the  southeastern  portion  of  the  State.  In  tbe  legend  the 
color  is  placed  under  tbe  heading  of  Potsdam  and  St.  Croix. 

In  tbe  fourth  annual  report  Prof.  Wincbell  describes  the  St.  Croix  s:uhI- 
stone  as  it  occurs  in  Fillmore  County  and  illustrates  tbe  geograi)liic 
distribution  on  an  accompanying  map.^  In  some  notes  on  a  deep 
well  drilled  at  Minneapolis,  Minnesota,  tbe  same  writer  states  tbat  Np8. 
11,  12,  and  13  represent  the  St.  Croix  sandstone  with  a  total  thickness 
of  217  feet.  Beneath  this  there  is  a  red  marl  and  red  sandstone  whicli  he 
refers  to  the  same  horizon  as  the  catlinite  beds  of  tbe  Sioux  quartzite 
series.  Of  No.. 14  it  is  said:  '^No.  14  may  represent  the  Lingula ti.igfs 
or  tbe  upper  portion  of  the  Potsdam,  so  called.'^  No.  15  is  correlated 
as  undoubtedly  tbe  upper  portion  of  the  great  series  of  marls  and  sands 
which  characterize  tbis  horizon  in  Minnesota.  ^'It  is  tbe  same  forma- 
tion as  tbe  rock  tbat  embraces  the  well  known  'pipestoue'  or  catlinite 
of  Minnesota."* 

Tbe  Sionx  quartzite  is  referred  by  Prof.  Wincbell  to  the  Potsdam 
sandstone  in  a  description  of  the  geology  of  rocks  in  Pipestone  County 
in  thesixtb  annual  report.  It  includes  tbe  famous  pipestone  quarry  near 
the  center  of  Pipestone  County.® 

A  more  extended  accoant  of  tbe  strnta  referred  to  tbe  "Potsdam'' 
sandstone  is  published  by  Prof.  Wincbell  in  tbe  tenth  annual  report 


» Op.  cit.,  p.  71.  »0p.  cU„  p.  73.  »  Op.  cit.,  pp.  76  80. 

*  Report  oo  the  iseology  of  Fillmore  County.    Uool.  and  Nat.  Hist.  Sarv.,  Minncso'ta ;  4th  Ann.  Rep. 
for  1875, 1876,  pp.  31-32. 

*Not««  on  the  ileep  well  drilled  ftt  Bnat  Minnoapoli.%  Minnesota,  in  187i-*75.    Minn.  Acad.  Sci., 
Bull.,  vol.  1, 1878.  pp.  188-180. 

*  Tbe  geoloi^y  of  Rock  and  Pipeatone  Gonutiea.    Geol.  and  Nat.  Hiat  Sorvey,  Mlnneaota^  6th  Ann. 
Bap.,  in  1877, 1878^  p.  97. 
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of  the  survey.  In  tliis  he  affirms  that  the  horizontal  fossiliferous  beds 
referred  to  the  Potwlam  by  Dr.  Owen,  Prof.  Hall,  and  other  authors  is 
above  the  true  Potsdam  of  New  York,  and  that  the  latter  is  represented 
by  the  rocks  of  the  copper  bear  in  |2f  series  in  the  west ;  also,  that  no  fos- 
sils representing  the  Primordial  fauna  have  yet  been  discovered  in  the. 
west  nor  have  any  been  found  in  the  western  representative  of  the  Pots- 
dam ;  and  finally,  that  the  second  fauna  of  Barrande  is  found  in  the 
Quebec  group  of  Canada  and  in  the  St.  Croix  sandstone  of  the  we^t, 
lying  in  each  case  above  the  Potsdam  sandstone.^ 

An  article  by  Dr.  J.  H.  Kloos,  translated  by  Prof.  Winchell,  describes 
the  rocks  of  the  Falls  of  St.  Anthony  and  the  St.  Croix  River,  ancT  gives 
a  description  and  a  diagrammatic  section  of  the  river  bank  at  Taylor's 
Falls,  illustrating  an  unconformity  between  the  Potsdam  sandstone  and 
the  subjacent  copper- bearing  rocks.* 

In  an  account  of  the  geology  of  a  deep  well  drilled  at  Minneapolis 
Prof.  Winchell  states  that  the  drill  passed  through  sandstone  in  the 
lower  portion  of  the  well  as  indicated  in  the  following  section  :^ 

Feet. 

1.  Drift , 10 

2.  Trenton  limestone 24 

3.  Light,  oinimbling  sandstone  (Sfe.  Peter  f) 12.5 

4.  Brown-red  pipostoiie  clay 2 

5.  Potsdam  sand 42 

6.  Re<l  quartzite,  Potsdam 102 

7.  Light  colored  Potsdam  sand  and  shales .., 722 

8.  Red  Potsdam  sandstone  and  shales  at  least 347 


1,374 


Particular  attention  is  called  to  the  brown-red  pipestone  clay  of  the 
section,  which  is  the  equivalent  of  No.  12  of  that  section  on  page  212. 
No.  G  of  the  section  quoted  is  compared  to  a  layer  of  red  quartzite,  seen 
at  New  Ulm,  Minnesota,  and  at  Baraboo,  Wisconsin.  Commenting 
upon  this  he  says: 

Tbns  we  find  an  interbedded  red  quartzite  in  the  Potsdam  formation  similar  to 
thoso  seen  in  the  same  formation  in  the  Bluck  Hills  and  in  several  other  places  in 
the  Kocky  Mountain  region.^ 

Attention  is  called  to  this  statement  as  it  is  a  correlation  of  a  quartz- 
ite of  the  Upper  Cambrian  rocks  of  the  Black  Hills  with  a  bed  of 
quartzite  in  the  Sioux  quartzite  series  of  Minnesota  and  the  Baraboo 
quartzite  series  of  Wisconsin. 

In  a  tabulation  of  the  strata  beneath  the  lower  fossiliferous  sand- 

'The  Fotadftm  Sajidstone.  Geol.  and  Nat.  Hist  Snrvey  Minnesota,  lOth  Ann.  Rep.  for  1881, 1882. 
p.  136. 

*  dooloj^ical  notes  on  Minnesota.  (Translatod  by  N.H.  Winchell.)  Oeol.  and  Nat.  Hist.  Survey 
Minnesota,  lOtli  Ann.  Kep.  for  1881,1882,  pp.  180-200. 

*  The  K«o1ogy  of  tho  dcup  well  drilled  by  C.  C.  Whelpley  at  Minneapolis,  at  the  "0  "  WashbamMilL 
Ceol.  and  Nat.  Iflst.Survoy  Minnesota,  lOlh  Ann.  Kep.  for  1881, 1882,  pb  217. 

«  Op.  oit,  p.  214. 
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stone  or  St  Oroix  sandstone,  Prof.  N.  H.  Winchell  defines  the  Pots- 
dam formation  as  fallows :  ^ 

Potsdam  formation, — Tilted  rod  sandstones,  shales  and  conglomerates,  changed  by 
igneous  gabbros  and  dolerites  locally  to  red  qnartzites,  felsitos,  qnartz-porpbyried 
and  to  red  granite.    The  Ke  ween  Ian  and  Hnroniau  in  part,  in  Wisconsin. ' 

He  places  the  Taconic  group  second  and  defines  it  as  follows: 

Tiaeonio  group, — Horizontal  black  slates  and  gray  qnartzites,  with  interbedded 
limestones  and  diorites(the  Animikie  group),  changed  to  tilted  slates,  quartzites, 
iron  ores,  and  silicions  marble.  The  Qunfliut  beds,  the  Mesabi  iron  rocks,  tbo 
Ogishke  Mnncie  conglomerate  (f),  the  Thomson  slates  and  qnartzites,  the  Vermilion 
iron  rocks;  the  Hnronian  in  part,  in  Wisconsin  and  Michigan. 

A  description  of  the  Sioux  quartzite  as  it  occurs  at  New  IJlm  is 
given  by  Prof.  Winchell  in  the  second  annual  report.*  In  the  first  vol- 
ume of  the  final  report  of  the  Minnesota  survey  he  describes  the  St. 
Croix  sandstone  as  it  occurs  in  Houston,  Winona,  and  Pillmore Counties.^ 
The  entire  thickness  of  the  foi  mation  in  Winona  varies  from  488  to  55S 
feet.^  Under  the  title  of  Potsdam  quartzite  a  description  is  given  in 
this  volume  by  Messrs.  Winchell  and  Upham  of  the  pre-Cambrian 
quartzite  of  northwestern  Minnesota.^ 

From  the  Sioux  quartzite  series  at  Pipestone,  Minnesota,  Prof. 
Winchell  described,  in  1885,  Lingula  calumet  and  Paradoxides  barberij 
referring  them  to  the  equivalent  of  the  Potsdam  saudstone  of  New 
York.« 

In  a  note  on  the  revision  of  the  stratigraphy  of  the  Oarabrian  in 
Miuui'sota,  Prof.  Winchell  includes  under  the  St.  Croix  terrane,  Jordan 
sandstone,  St.  Lawrence  limestone,  shales,  and  Dresbach  sandrock.^ 
It  is  interesting  to  note  that  after  the  upper  member  of  the  St.  Croix, 
the  Jordan  sandstone,  we  find  "  Potsdam  "  (f ) ;  also  after  the  Dresbai^h 
sandstone  at  the  base  and  (Potsdam)  after  formations  placed  as  pre- 
St.  Croix. 

The  geological  age  of  the  Sioux  quartzite  of  the  pipestone  quarries 
in  Dakota  and  Minnesota  is  discussed  by  Prof.  B.  D.  Irving,'  who  con- 
cludes that  their  tilted  position,  great  tbickness,  and  lithoIogiciA  con- 
trast with  the  Potsdam  sandstone  ^*  make  it  evident  that  they  are  not 
merely  a  downward  continuation  of  that  formation,  but,  on  the  con- 
trary, form  a  great  nnconformably  underlying  series." 

'  Notes  on  the  aj^e  of  the  rocka  of  the  Mosabi  and  Vermilion  iron  diatriota.  Geol.  and  Nat.  Hist., 
Survey  Miuneaota,  lltli  Aou.  Rep.  for  1883, 1884.  p.  170. 

'The  g^eology  of  the  Hinnosota  Valley.  Geol.  and  Nat  Uiat  Snrv.,  Mion.  2d  Ann.  Rep.  forlB73, 1874, 
p.  157. 

*  The  Geology  of  Minnesota.     Vol.  1.  of  the  Final  Report,  188i,  pp.  223-227, 257-2£a. 
«Op.o{t,p.258. 

*0p.  cit  pp.  422-424, 490-503. 

*  Foiwils  from  the  rod  qoHrtiite  at  Pipestone.  GeoL  and  Nat.IIist.  Sarr.  Minnesota,  13th  Ann.  Rop. 
for  1884, 1885.  pp.  65-72. 

'  Rerlaion  of  the  stratif^raphy  of  the  Cambrian  in  Minnesota.  G«ol.aiid  Nat  Hist.  Survey  Minne- 
sota, 14th  Ann.  Rep.  for  1886, 18M,  p.  337 

*  Preliminary  paper  on  an  I  uvosU  cation  or  the  Ar<*hean  forniatioua  of  the  Northwestern  States.  D. 
&  QsoL  Snrr.  6th  Ann.  Rep. ,  1883-84, 1385,  pp.  201, 202. 
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Mr.  Warren  Upham  in  notes  on  the  geology  of  Minnehaha  County, 
Dakotii,'  refers  to  the  rocks  in  various  portions  of  Minn  ebaha  County 
as  ^^  Typical  Potsdam  qiMrtzitej^  but  he  mentions  no  reasons  for  conclud- 
ing it  to  be  of  this  age.    No  fossils  were  found  in  it. 

In  the  second  volume  of  the  Geology  of  Minnesota  Prof.  N.  H.  Win- 
chell  states  that  the  St.  Croix  formation  in  Wabasha  County  is  about 
250  or  300  feet  in  thickness ;  and  it  is  not  kuown  to  vary  particularly 
in  its  stratigraphic  composition  from  that  of  Winona  Co  unty.'  In  the 
account  of  the  geology  of  Goodhue  County  he  describes  the  formation 
and  accompanies  it  with  a  list  of  the  fossils  found  in  the  St  Croix 
formation  in  the  Upper  Mississippi  Valley.' 

In  the  same  volume  Mr.  Warren  Ui»hain  describes  the  St  Croix  sand- 
stone as  it  occurs  in  Chisago  County,in  the  valley  of  the  St.  Croix  River.* 
He  also  describes  the  formation  as  it  occurs  in  Piue  County,  along  the 
upper  portion  of  the  St.  Croix  Kiver.* 

In  an  article  on  the  age  of  the  St.  Croix  sandstone,  Prof.  N.  H. 
Winchell  discusses  its  relations  to  the  typical  Potsdam  of  New  York 
and  concludes  it  is  a  distinct  formation.^  In  an  account  of  a  deep  well 
drilled  at  Stillwater,  Minnesot;i,  it  is  stated  by  Mr.  A.  D.  Meads  that — 

The  well  Htarfn  at  about  740  feet  above  the  sea,  and  after  passing  through  701  feet 
of  drift,  wliite  friable  sandatoue,  and  ^rreen  shales  belonging  to  the  St.  Croix  and  so- 
called  Potsdam  of  the  Northwest,  onterM  a  series  of  dark  red  and  brown  shales  and 
brown  feldspathic  sandstones  which  exhibited  a  thickness  of  more  than  1,500  feet. 
These  gradually  assume  characters  of  a  volcanic  detrital  tuft' — '*  amygdaloidal/' cal- 
citic,  kaolinic,  still  brown,  slightly  siliceous — and  finally  at  the  depth  of  about  3,300 
feet  unmistakable  beds  of  trap  rock  were  encountered,  alternating  with  sandstone 
beds.    At  this  depth  some  grains  of  native  copper  were  seen  in  the  drillings.^ 

Prof.  N.  H.  Winchell  has  recently  published  his  latest  conclusions  on 
the  Taconio  rocks  of  Minnesota.  On  the  evidence  of  the  tracks  de- 
scribed by  Mr.  G.  F.  Matthew^  he  considers  the  Taconic  (Lower  Cam- 
brian) age  of  the  ^<  Aniniike"  formation  to  be  sufficiently  established, 
and  thinks  the  name  Taconic  shonld  be  substituted  for  Auimike.^  The 
Pewabic  quartzite  is  referred  to  the  base  of  the  "Animike,'^  although  he 
says:  *'it  was  at  first  supposed  to  be  the  equivalent  of  the  Potsdam 
(Paradoxides  horizon)  which  apparently  overlies  the  "  Animike."*® 

A  correction  is  made  in  relation  to  the  reference  of  the  stratigraphic 
position  of  the  Granular  quartz  as  follows:" 

'  Notes  OD  tho  geoloiiv  of  Miiinohalia  County,  Dakola.  GcoL  anil  Nftt  Hist  Survoy,  Miuuesota,  13th 
Ana.  Hop.  for  1884.  lt^K5.  ]ip.  88-97. 

>  The  Geology  of  Miuiieauta.    Vol.  2  of  Final  Report,  1888,  p.  13 

•Op.cir.,  pp.31-3fi. 

«  Tbe  Geology  of  Minnesota.    Vol.  2,  Final  Report,  1888.  pp.  407, 409. 

•0p.cit.pp.637-W2. 

*Geol.  nnd  Nat.  Uxai,  Surv.  of  Minn.,  17th  Ann.  Rep.  for  1888. 1889,  pp.  56-64. 

r  Tbu  Stillwater  Ditep  Well.    American  Geologist,  vol.  3,  1889,  p.  342. 

■  Am.  Jonr.  Sci.,  3d  ser.,  vol.  30,  1800,  p.  145. 

*The  iron  ore«  of  Minnesota.    Gcol.  and  Nat.  Hist.  Surr.  Minnesota.   Bnll.  No.  6, 1891,  p.  IIS. 

'•Op.  clt.,  p.  125. 

"  Op.  oit.    Foot  note  on  pp.  417, 4ia 
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The  writer  wifihes  to  correct  the  view  publ'mbed  by  him  in  the  American  Qeologist 
a  few  years  ai;o  ("A  Qrea^  Primordial  Qaartzyte/'  vol.  1,  p.  176),  that  the  grannlar 
quartz  probably  orerlies  the  black  siateof  the  Taconic  system,  and  is  equivalent  of 
ibe  Red  sandrock  of  Vermont.  The  Red  sandrook  appears  to  be  a  part  and  near  the 
top  of  the  "Georgia  series"  and  above  the  Winooski  marble,  but  the ''granular 
quarts "  lies  below  the  Winooski  marlfle.  The  typical  Potsdam  is  probably  the 
**  granular  qnarts."  Bat  the  Red  sandrook,  and  also  some  light-colored,  loose  sand- 
stones atiU  higher  have  very  largely  been  regarded  its  eqnivaleut. 

IOWA. 

On  the  map  aocompanying  Dr.  D.  D.  Owen's  report  of  the  geological 
aarvey  of  Wisconsin,  Iowa,  andJVIinnesota  a  small  area  is  colored  as  the 
Potsdam  sandstone  of  New  York,  in  the  northeastern  corner  of  the 
Sliile.* 

As  State  geologist  of  Iowa,  Prof.  J.  Hall  stated  tliat  the  Potsdam 
sandstone  attains  Us  greatest  exposures  in  Minnesota  and  Wisconsin 
north  of  the  limits  of  Iowa,  and  about  the  regions  of  Lake  Fepin.  The 
excavation  of  the  Upper  Iowa  Iliver,  however,  has  removed  tiie  cal- 
ciferoas  sandstone;  so  that  at  the  junction  of  that  river  with  the  Missis- 
sippi there  is  exposed  a  broad  belt  of  the  lower  rock«  A  general  de- 
scription of  the  sandstone  is  given  with  the  statement  that  some  slightly 
calcareons  bands  contain  fragments  of  triiobites.  In  numerous  locali- 
ties shells  of  Lingula  are  found,  though  by  no  means  so  abundantly  as 
in  the  same  rocks  in  Minnesota.  These  fossiliferous  bauds  appear  iu 
the  vicinity  of  Lansing.'  In  the  same  volume  there  is  a  general  ac- 
count of  the  Potsdam  or  inferior  sandstone  by  Prof.  J.  D.  Whitney.^ 

In  a  general  description  of  the  geology  of  Iowa  Dr.  0.  A.  White  de- 
scribes the  Sioux  quartzite  iis  occurring  in  the  extreme  northwestern 
corner  of  the  State.  Iu  the  table  of  classification  he  places  it  as  Uu- 
ronian  (f)  and  beneath  the  Potsdam  sandstone.^  This  is  the  quartzite 
referred  to  the  Potsdam  iu  Minnesota  by  Prof.  N.  H.  Winchell.  In 
describing  the  Potsdam  sandstone  Dr.  White  states  that  it  reaches  a 
known  thickness  in  Iowa  of  300  feet,  and  it  is  exposed  only  in  a  small 
portion  of  the  northeastern  corner  of  the  State.^ 

In  the  acconnt  of  a  deep  well  at  Emmetsburg,  Iowa,  Prof.  N.  n.  Win- 
chell refers  to  a  white  sandstone  found  beneath  the  blue  shales  of  St. 
Croix,  assigning  it  a  thickness  of  107  feet.  The  rock  beneath  this,  which 
Mr.  Swan,  who  kept  a  record  of  the  well,  called  granite,  is  referred  to 
the  Potsdam  qnartzite.® 

iQeol.  Snrr.  of  Wise,  Iowa,  snd  Minn.,*  and,  incidentally,  of  ft  porUon  of  Nebrft»ka  Territory, 
PhiUdelphia,  1852. 
*Oeology  of  Iowa,  roL  1, 1868,  pp.  47-48. 

*  Ibid.,  pp.  828-331. 

*  Goneral  geology.    Aiolo,  Lower  Sil  oriao,  Upper  Snorlan,  and  Devon  ian  ayitema.    Oeol.  Snr ▼.  lo w% 
Rep.,  vol.  1, 1870,  p.  168. 

*0p.  dt.,  p.  172. 

*  Section  of  a  deep  well  at  Bmmetaborg,  Iowa.    Minn.  Acad.  Soi.  Ball.,  toL  1, 1880,  pp.  887, 888L 
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In  do8cribiDg  a  deep  well  at  Washington,  iasontlieastern  Iowa,  Prof. 
S.  Oalvin  states  that  a  gray  saiulstone  1,230  feet  from  the  surface  prob- 
ably represents  the  apper  part  of  the  Potsdam  series.^ 

UlKK  superior  8AND8TON1B. 

In  an  aocoant  of  a  joorney  along  the  south  shore  of  Lake  Superior, 
Dr.  J.  J.  Bigsby  describes  a  red  and  white  sandstone,  for  the  most  part 
liorizontal,  that  predominates  along  the  shore,  resting  in  places  on 
granite.'  He  also  mentions  the  red  sandstone  of  Point  Keewawoonan 
and  the  sandrock  described  to  him  by  Mr.  Thomson.' 

The  description  of  the  geology  of  Lake  Superior,  by  Gapt.  H.  W. 
Bayfield,  mentions  a  horizontally  stratified  sandstone  that  he  traced 
from  one  extremity  of  the  lake  to  the  other,  on  both  the  north  and 
south  shores,  and  on  many  of  the  islands  in  the  lake.  A  description 
of  the  mode  of  occurrence  of  the  sandstone  on  the  south  shore  of  the 
lake  is  given,  with  several  diagrams  illustrating  the  unconformity  be- 
tween the  granite  and  the  sandstone.^  He  considers  it  quite  probable 
that  the  formation  extended  to  the  west  and  southwest  as  far  as  the 
foot  of  the  Rocky  Mountains,  and  that  it  might  possibly  be  the  same 
as  the  sandstone  at  the  Falls  of  Niagara,  etc.,  but  concluded  it  required 
much  more  elaborate  investigation  than  has  yet  been  bestowed  to  ren- 
der it  certain  that  the  sandstone  of  Lake  Superior  and  that  of  the 
extensive  tracts  of  country  mentioned  are  the  same  formation.  He 
then  gives  reasons  for  terming  the  sandstone  of  Lake  Superior  the  Old 
Bed.  These  are  its  position  immediately  on  the  granite,  its  structure, 
and  component  parts.'  No  fossils  were  observed.  The  student  will 
find  in  this  paper  of  Gapt.  Bayfield's  a  very  fair  description  of  the  sand- 
stones as  they  occur  about  Lake  Superior,  and  it  is  worth  reading  in 
connection  with  the  controversy  in  relation  to  their  age. 

As  State  geologist  of  Michigan  Dr.  Douglass  Houghton  reported 
upon  the  strata  of  the  northern  peninsula.  In  the  second  annual  report 
he  says  that  "the  Old  Red  sandstone^  has  been  very  much  shattered  by 
the  protrusion  of  trap  rock  through  it.^  In  his  third  report  a  more  ex- 
tended account  is  given  of  the  Lake  Superior  sandstone  on  the  Ste. 
Marie  River.  The  sandstone  passes  conformably  beneath  the  super- 
jacent limestone.^    Of  the  bulk  of  the  formation  he  says: 

The  Lake  Saperior  sandstone  in  its  easterly  prolongation  does  not  attain  a  very 
great  thickness,  but  in  proceeding  westerly  this  thickness  is  vastly  increased,  attaining 
on  the  south  shore  of  Lake  Superior  to  several  hundred  feet. 

*  Notes  on  the  forraations  passed  thxoagh  in  boring  the  deep  well  at  Washington,  Iowa.  American 
Goolojrisr,  voL  1, 1888,  p.  30. 

*  N^utes  on  the  geography  and  geology  of  Lake  Superior.  Qaart.  Joar.  Lit,  Soi.  and  Arts  (of  iheSoyal 
lust,  of  Ot  Brit.)  ToL  18, 1825,  p.  83. 

>  Op.  clt.,  p.  260. 

*  Outlines  of  the  geology  of  Lake  Saperior.  Quebec  Lit  and  Hist  Soo.  Trans.,  vol.  1, 1820,  p.  17,  flga. 
2  and  3,  on  plate. 

*  Op.  cit,  p.  10. 

*(PeiiiiiAulA  District)    Second  annual  report  State  geologist  of  ICiohlgan,  Detroit,  1880,  p.  14. 
'  Third  annual  report  State  goologiat  of  liioliigan.    House  Reps.  Dooument^  No.  8, 1840,  p.  14. 
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S<>  fur  as  my  fixainiuations  dariDg  the  past  year  have  extended  the  rook  is  destitute 
of  fussils,  and  in  fact  after  a  carefnl  exaaiination  (several  years  ago)  along  its  whole 
line  of  outcrop,  ou  the  southerly  shore  of  Lake  Saperior,  I  have  never  been  able  to 
tU-tcct  in  the  rocks  a  single  contained  fossil.^ 

The  fourth  rei)ort  describes  the  ^Mower  or  red  sandstone  and  shales'' 
a8  follows :  i 

The  red  snndatone,  with  its  accompanying  rod  and  gray  shales,  occupies  a  mnoh 
larger  exten|.  of  the  country  bordering  upon  Lake  Superior  than  any  other  single  rock 
or  group  of  rocks.  It  rests  upon  the  primary  and  metamorphic  rocks  immediately 
west  from  Chocolate  River;  upon  the  conglomerate  and  mixed  rocks  from  near  Eagle 
Kivcry  of  Keweenaw  Point,  west  to  the  head  of  Lake  Superior;  upon  the  primary 
trap,  metamorphic  and  conglomerate  rocks  of  the  north  shore  of  the  lake,  and  upon 
the  conglomerate  rock  of  Isle  Roy  ale.  It  is  this  rook  which  forms  the  basis  of  the 
level  plateaus  or  valleys  occupying  the  spaces  between  the  several  rauges  of  hills 
south  from  Lake  Superior,  and  west  from  Chocolate  River.  In  these  last  situations 
this  rock  is  frequently  seen  undisturbed  to  surround  the  bases  of  isolated  knobs  of 
i;raiiit«,  though  when  near  to  or  in  contact  with  knobs  or  [of]  trap  there  are  invari- 
able evidences  of  very  great  disturbance.* 

A  second  bed  of  sandstone  is  described  as  the  ^^  upper  or  gray  sand- 
stone." '^  Upon  the  shore  of  Lake  Superior,  and  extending  from  Point 
Iroquois  to  Grand  Island,  a  sandstone  occurs,  differing  widely  in  its 
api>earance  from  that  before  described.  This  sandstone  rests  uncon- 
formaUy  upon  the  red  sandstone,  the  former  dipping  gently  to  the  south 
or  southeast,  while  the  latter  dips  very  considerably  to  the  north  or 
north  west.*" 

A  sandy  limerock  rests  conformably  and  immediately  upon  the  upper 
or  gray  sandstone.  The  tabulation  of  the  rocks  of  the  Upper  Peninsula 
is  as  follows:^ 

* 

9.  Tertiary  clays  and  sands. 

ti.  Upper  limerock  group  (embracing  as  members  the  Drummond  Island 

and  Mackinaw  limestones). 
7.  Lower  lime  rock  and  shales. 

0.  Sandy  or  intermediate  limestone. 

ThiokneM. 

5.  Upper  or  gray  sandstone,  mean feet..      700 

4.  Lower  or  red  sand  rock  and  shaloii,  extreme do...  6,500 

3.  Mixed  conglomerate  and  sand  rock,  extreme do...  4,200 

2.  Conglomerate  rook,  extreme do...  5,260 

1.  Metamorphic,  trap,  and  primary  rocks. 

A  detailed  account  of  the  red  sandrock  and  shales  is  given  on  pages 
37  to  41.  This  is  followed  by  a  description  of  the  upper  or  gray  sand 
rock,  of  which  he  says : 

The  only  remaining  rook  which  separates  the  red  sandrock  from  the  limestone  lying 
to  the  sonth  is  a  gray  or  brownish  sandrock  that  is  almost  wholly  composed  of 
grains  of  quartz,  usually  feebly  ceroeuted  with  calcareous  matter.  The  composition 
of  this  rock  differs  from  that  of  the  lower  sand  rock  in  being  more  exclusively  quartz, 
while  in  epoch  of  deposition  the  rock  under  consideration  should  not  be  confounded 
with  that  of  the  red  sandstone.    It  has  already  been  stated  that  the  red  sandrock  of 

'  Op.  cit.,  p.  15.  » Op.  cit,  p.  19. 

*  Fourth  A  nil.  Rep.  State  fceologial  of  Miohigaa,  *  Op.  oi^  p^  IX 

mi,  pp.  18^  19. 
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ttio  Routli  coast  dips  regularly  northerly,  while  the  npper  or  gray  sandstone  dips 
ef^iiaily  regularly  south  or  southeasterly,  in  which  respect  the  last-mentioned  rock 
conforms  to  tlie  limestones  resting  npon  it,  while  it  rests  itself  upon  the  nptilted  edge 
of  the  red  sandrock  below.* 

The  upper  sandrock,  like  the  lower,  abounds  in  clearly  defined  ripple  marks,  and 
it-sliue  of  cleavage  is  very  irregular,  frequently  being  opposed  to  the  line  of  stratifi- 
cation (1  vcr  very  considerable  districts  of  country.  Two  indistinct  species  of  fucoides 
were  all  tbe  fossils  noticed  in  connection  with  it. 

I  WHS  nuable  to  obtain  any  observations  upon  the  thickness  of  the  upper  sand  rock 
wliicJ)  \xcTt}  satisfactory,  but  from  the  imperfect  observations  which  were  obtained  I 
WHM  kd  ro  coiicladi^  that  the  average  thickness  as  far  westerly  as  the  Pictured  Rocks 
does  nut  viiry  far  fruni  700  feet.  The  npper  sandrock,  like  the  rooks  befbre  mentioned, 
wedges  out  as  far  ns  we  proceed  in  an  easterly  direction.* 

Wbeu  pretJcnting  to  the  Boston  Society  of  Natural  History  an  ac- 
count of  bis  visit  to  Luke  Superior  Prof.  H.  D.  liogers  states  that  he 
discovered  in  tbe  neighborhood  of  Chocolate  and  Carp  Bivers  the  fol- 
lowing conditions  of  stratificcition : 

First,  a  group  of  rocks,  tho  equivalents,  undonbtedly,  of  the  Primal  sandstone  and 
Primal  slate  of  Profs.  W.  B.  liogers  and  H.  D.  Rogers,  denominated,  in  the  nomen- 
clature of  the  New  York  survey,  the  Potsdam  sandstone,  and  these  rocks,  highly  in- 
clined, and  traversed  by  parallel  east  aud  west  axes.  Secondly,  upon  the  nptilted 
edges  of  this  earliest  Pjilcozoic  formation  rests,  in  an  unconformable  position  and 
with  a  very  gentle  northern  dip,  the  conglomerates  and  shales  of  the  red  sandstone 
series.  Specimens  of  the  conglomerate  were  displayed,  in  which  the  pebbles  were 
•all  from  the  older  rocks.  Mr.  Rogers  thought  this  fact  of  nnconformable  superposi- 
tion an  almost  conclusive  proof  of  a  post-Paleozoic  date ;  -and  be  proceeded  to  argne, 
from  various  points  of  analogy  betwceu  the  red  sandstone  itself,  its  trappean  dikes, 
and  their  mineral  associations,  with  similar  components  of  the  Mesozoic  or  new 
re<l  sandstone  of  the  Atlantic  States,  th<at  the  formation  in  question  is  of  equivalent 
age  and  origin  with  this  last-named  interesting  group  of  rocks.' 

In  bis  reconnaissance  of  the  Chippewa  land  district  of  Wisconsin,  Dr. 
1).  \).  Owen  examined  a  iK)rtiou  of  tbe  shores  of  Lake  Superior.  He 
noted  tlie  red  sandstone,  its  mode  of  occurrence,  aud  character.  He 
states  that  various  views  have  beeu  advanced  by  different  writers  re- 
garding tbe  age  of  tbe  red  sandstone,  marls,  aud  conglomerates  of  Lake 
Superior.  Some  autliors  have  referred  them  to  the  date  of  the  oldest 
sandstones  of  the  New  York  system ;  others  believe  them  to  be  con- 
temporaneous with  tbe  New  lied  sandstone  of  Great  Britain  and  the 
hunter  t^andstein  of  Germany.     He  further  states : 

Judging,  however,  from  lithological  and  mincralogical  character,  there  certainly 
is  strong  presumptive  evidence  that  they  were  deposited  subsequently  to  the  Carbon- 
if'erDUHura. 

He  calls  attention  to  tlie  strong  resemblance  between  them  and  the 
formations  above  the  Goal  Measures,  not  only  of  the  State,  bat  of  some 
parts  of  Europe. 

Ranging  tbrongh  Connecticut,  New  Jersey,  Maryland,  and  Virginia  there  are  red 
sandstone  and  marly  beds  that  are  almost  a  counterpart  of  some  portion  of  the  Lake 
Superior  furniations,  as  well  in  aspuut  as  in  coinpositiou ;  like  them,  too,  they  are 

I  Op.  cii.,  pp.  41. 42. 
»0p.cit..|»|».42,43. 

*  Oil  (bo  niint-ialogy  and  eeology  of  the  sottth  shore  of  Lake  Snperior.  Boston  Soo.  Nat  fiist.Proo. 
ToL2.18M,p.l2ft. 
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tniYeriiod  by  ranges  of  intrusive  trap,  with  accompanying  veins  of  copper.  •  •  • 
To  draw  up  in  detail  a  comparison  between  these  forraatious  and  those  of  the  North- 
west wonld,  at  this  early  stage  of  the  survey  of  Wisconsin,  be  premature.^ 

In  1849  Prof.  C.  T.  Jacksoi)  argued  that  the  red  sandstone  and  con- 
glomerate rocks  of  Keweenaw  Point  existed  there  anterior  to  the  ele- 
vation of  the.trap  rocks,  and  that  the  eastern  sandstone  and  the  red 
sandstone  were  the  same  in  geologic  age.  After  reviewing  the  mode  of 
occurrence  and  the  relation  of  the  saudstone  to  other  rocks,  especially 
a  liniestf>ue  from  which  a  fragment  of  Pentamerus  ohlongua  was  ob 
taincd,  indicating  the  upper  member  of  the  .:>riagara,  New  York  seiies, 
he  conclnded  that  the  sandstone  of  Keweenaw  Point  was  not  of  the 
Potsdam  series,but  that  it  was  most  probably  the  New  Red,  or  that  sys- 
tem of  sandstones  which  is  regarded  as  such  in  New  England.' 

In  their  report  of  1849  Messrs.  Foster  and  Whitney  color  the  accom- 
panying map  of  Keweenaw  Point  so  as  to  indicate  that  they  consider 
the  sandstone  and  conglomerate  superior  to  the  trap  series,  forming 
the  base  of  the  Silurian  system.  The  same  coloring  atid  nomenclature 
are  used  on  the  map  of  the  district  between  Mackinaw  Bay  and  Choco- 
,]ate  River,  and  that  between  Portage  Lake  and  Montreal  River  and 
Isle  Royale.' 

In  the  same  volume,  following  the  report  by  Foster  and  Whitney,  is 
a  general  description  of  the  region  between  Keweenaw  Point  and  Mon- 
treal River.  The  writer  says  the  age  of  the  sandstone  of  Lake  Superior 
could  not  be  determined  by  any  evidence  he  had  been  able  to  collect. 
It  is  entirely  destitute  of  fossils,  and  lies  directly  upon  granitic  rocks.* 
Whether  it  is  written  by  Mr.  Foster  or  P^of.  Whitney  is  not  stated. 

Mr.  J.  W.  Foster  states  that  he  is  disposed  to  regard  the  sandstone 
of  Lake  Superior  as  resting  at  the  base  of  all  the  fossiliferous  rocks.^ 
He  evidently  considered  the  horizontally  beilded  sandstone  at  Kewee- 
naw Point  the  same  as  the  disturbed  sandstone  on  the  opposite  side. 
Full  descriptive  details  of  the  sandstones  at  Keweenaw  Point  are  also 
given  by  Mr.  W.  A.  Burt.*^  In  the  same  report  Mr.  Bela  Hubbard 
states  that  the  Red  sandrock  is  the  equivalent  of  the  Potsdam  red  sand- 
rock  of  the  New  York  reports,  and  that  on  the  map  the  geographic  dis- 
tiibution  skirts  the  trap  range  on  both  sides,  but  having  by  far  its 
broadest  extension  on  the  south  side. 

*noport  of  a  geological  reconnaisMinco  of  the  Chippow^a  land  district  of  Wisconsin ;  and  incidentally 
of  a  part  of  Iowa  and  of  the  Minnesota  Territory,  30th  Congress,  1st  sess..  Senate  Ex.  Doc.  No.  57, 
1848.  pp  57-58. 

'Report  on  the  geological  and  inineralngical  survey  of  the  minoral  lands  of  the  Unit'Od  St4ites  in  the 
State  of  Michigan,  Ex.I>oo.  No.  5,  House  of  llepa.,  31st  Congress,  1st  sosa.,  part  3,  1849,  pp.398,  3U9, 
452. 

'Synopaia  of  the  ezploraiioDs  of  the  geological  corps  in  the  LakeSupen*ir  land  district  In  the  north* 
era  pentnaala  of  Miohig«n,  Bx.  Doo.  No.  5,  Uoiisoof  Rops.,:Ust  Congress,  1st  soss.,  P-trt  3, 1849,  pp. 
M5-42S. 

«Op.ca..p.055. 

*Notoc  on  the  geology  and  topograpliy  of  portions  of  the  oonntry  ad]acont  to  Lakes  Superior  and 
Michigan,  in  the  Chippewa  laud  di.^triot,  Ex. Doc.  No.  5, 31st  (/ongreitii,  1st  soso.,  ftnrt  3,  1819.  p.  781. 

*  Topography  And  geology  of  the  survey  of  a  district  of  township  linos  south  of  Lake  Superior,  1845. 
H.  B.  Ex.  Doo.  Ko.  5^  part  3,  1849,  pp.  81&-839. 
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It  hero  lies  in  nearly  horizontal  stratii,  though  at  the  coaat  a  Blight  dip  jiiland  in 
n1>8erval>le,  becoiiiiog  more  apparent  a8  it  nppnmclics  the  basin  of  Port^go  Lake.  In 
iu  approach  to  the  trap,  however,  it  is  found  more  or  less  tilted  from  iIh  original 
horizontal  position,  and  is  also  very  much  altered  by  its  contact  with  that  igneous 
rock.  The  evidences  both  of  the  deposition  of  this  extensive  rock  formation  in  cahn 
and  shallow  waters  and  of  the  subsequent  change  induced  in  it  by  the  trap  roclvj 
when  in  a  fused  or  heated  state  are  very  iuii>ortant.^ 

In  their  report  upon  tbe  copper  region  of  Lake  Superior,  Messis. 
FoHteraiid  Whitney  tabulate  the  Htratiiied  sodimeutary  rocks  as  fol- 
lows :  • 

I.  Conglomerate,— "Not  strictly  a  sedimentary  rock,  but  a  volcanic  tuff. 
If.  Inferior  $andBtone. — Potsdam  sandstone. 

HI.  Compact  or  Lower  Magitesian  /imcx tone. —Calciferous  sandstone,  Chazy  lime- 
stone, Bird's-eye  and  Black  River  limestone. 

This  table  is  followed  by  a  detailed  description  of  the  conglomerate, 
sandstone  and  superjacent  limestone.  No  attempt  is  made  to  diil'ereii- 
tiate  the  horizontally  bedded  Red  sandstone,  of  Keweenaw  Point,  from 
tbe  banded  sandstone  that  occurs  on  the  western  part  of  the  Point. 

Of  the  transition  of  the  sandstone  to  the  magnesiau  limestone  they 
say: 

The  sandstone,  as  we  ascend  from  the  lower  strata  to  the  higher,  is  found  to  bo  Ics^ 
colored  by  the  oxides  of  iron,  and  to  take  into  its  composition  particles  of  lime  until 
linuliy  it  passes  into  well  characterized,  compact,  magnosian  limestone.  •  •  * 
We  apply  the  t^^rm  magneslan  to  this  belt  to  detine  its  lithological  characters,  althou;;h 
the  jissociatod  organic  remains  would  seem  to  indicate  (ho  presence  of  several  of  tiic 
k)wer  Silurian  groups,  which  can  not  be  recognized  by  lithological  differences.^ 

A  notice  of  the  work  by  Foster  and  Whitney  in  the  copper  dislrirt 
wns  published  in  the  American  Journal  of  Science,  2d  series,  volume 
12,  1851,  pp.  222-239. 

In  a  letter  describing  the  Silurian  terrane  of  Lake  Superior,  Messrs. 
Foster  and  Whitney  reaffirm  their  opinion  that  the  standstones  of  Lake 
Superior  are  of  the  age  of  the  Potsdam  of  tlie  New  York  series?,  and 
that  tbe  section  exhibits  the  Azoic  system  at  the  base,  upon  which  rests 
the  conglomerate,  formed  of  igneous  rocks,  and  then  in  turn  the  Pots- 
4lani  sandstone,  the  Galciferous  sandstone,  the  Trenton  limestojie,etc/ 

In  commenting  upon  this  stiitement  of  Messrs.  Foster  and  Whitney, 
that  the  Lake  Superior  sandstones  are  of  the  same  age  as  the  Potsihnn 
s.mdrock  of  New  York,  Prof.  Jules  Marcou  disputes  their  correlation 
and  considers  the  formation  as  equivalent  to  the  New  Bed  sandstone,  as 
wiw  stated  by  Prof.  Jackson.* 


'  Q*)iicral  obsorvatioDs  upon  the  geology  and  topography  of  the  district  soatH  of  I^lvO  Superior,  sub 
(liviikHl  in  18t3  andor  Hnngliton,  Uoubo  of  Keps.,  Ex.  JDoo.  No.  5,  part  d,  1849,  ]i.8IO. 

*  Ue|inrt  on  the  geology  and  topography  of  a  portion  of  the  Lako  Saporior  land  district  in  the  Stai  j 
of  Michigan.     Wasliiugtou,  1850.    Stratified  and  aedimontary  rocks.     Vol.  1,  1859,  p.  09. 

'Op.cit.,  p.  117. 

*  ( Apor^u  do  i'onsemble  dea  TorrAina  Siluricns  du  lac  Siip6rieiir.)    Bull.  Soc.  g6ol.  France,  2*  a6r., 
vol  8,  lfe50,  p.  01. 

*  Uoeponse  h  lettre  de  MM.  Foater  et  Wbitoey  aar  le  lao  Sup6riom'.    OuU.  Soc.  g6ol.  Fn^uce,  2*  a^r., 
fol.8,  1850.  pp.  101-10$. 
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In  their  report  on  the  geology  of  the  Lake  Superior  land  district, 

Messrs.  Foster  and  Whitney  describe,  under  the  heading  of  "  Potsdam 

sandstone,''^  a  sandstone  on  the  north  shore,  occurring  in  insulated 

patches  on  the  isthmus  between  Thunder  and  Black  Days.    This  sand* 

^toue  attains,  according  to  Logan,  a  thickness  of  at  least  200  feet.'    On 

the  south  shore  the  sandstones  of  the  northwestern  side  of  Keweenaw 

Point  ai'e  considered  to  be  of  the  same  age  as  those  on  the  south  side 

«t'  the  point,  extending  along  the  lake  shore  from  Keweenaw  Bay  to  St. 

Clary's  River.    The  sandstone  extending  southward,  subparallel  to  the 

Iniy,  is  aiso  cor  related  with  the  sandstone  mentioned  ;  and  all  of  these 

are  correlated  with  the  Potsdam  sandstone  of  the  New  York  series. 

They  quote  from  the  manuscript  of  Prof.  James  Hall  in  relation  to  the 

westward  extension  of  the  sandstone  in  Wisconsin,  in  the  Upper  Mis- 

sissippi  Valley.' 

In  some  observations  on  the  age  of  the  sandstones  of  the  United 
States  Prof.  0.  T.  Jackson  concludes  that  the  Lake  Superior  sandstone 
is  of  Upper  Silurian  age.^ 

Messrs.  Foster  and  Whitney  returned  to  the  discussion  of  the  age  of 
the  sandstone  of  Lake  Superior  in  1851  and  conclude  there  can  no  longer 
be  any  doubt  that  this  sandstone  lies  below  the  lowest  fossilifcrous 
members  of  the  Silurian  in  the  position  of  th^  Potsdam  sandstone  of 
New  York.*  They  describe  with  considerable  detail  the  mode  of  occur 
renceof  the  horizontally  bedded  sandstone  at  the  southeastern  end  of 
the  lake  along  the  Sault  Ste.  Marie,  with  its  extension  westward  along 
the  coast  to  Keweenaw  Bay.  They  show  it  to  be  one  continuous  for- 
mation around  the  great  central  granitic  and  azoic  nucleus;  that  it  is 
a  grannlar,  quartzose  material,  mostly  friable,  and  containing  little 
iron  ;  that  the  thickness  of  the  whole  formation  did  not  exceed  100  feet 
at  Sault  Ste.  Marie,  and  that  at  the  Pictured  Rocks  it  was  probably 
more  than  300  or  350  feet,  gradnally  increasing  from  the  east  toward 
the  west.^  They  then  describe  a  sandstone  on  the  western  side  of  the 
Keweenaw  Point  and  Isle  Eoyale  which  is  now  referred  to  the  Algon- 
kian.  This  is  the  best  rdsum^  of  the  information  relating  to  the  Lake 
Superior  sandstone  published  up  to  its  date. 

In  his  tabulation  of  the  lowest  Protozoic  sandstones  Dr.  D.  D.  Owen 
places  the  Lake  Superior  ferruginous  and  argillaceous^  sandstones, 
shales,  and  conglomerates  at  the  base  of  the  section,  assigning  it  a 
thickness  of  5,000  feet.''    On  the  accompanying  map  the  Lake  Superior 


■Lower  Sllnrlan System.    Potedam  aiid  Caloiferous  Saudtttonett.    Rept.  on  GeoL  of  Lake  Supcriur 
Laud  Diatr.,  Pi.  2. 1851.  pp.  113-134. 
>Op.  cit..  p.  115. 
sop.cit.,  pp.  133.  134. 

*  (Some  obaenratioDB  on  the  afce  of  the  sandstones  of  the  United  States.  J  Boet.  Soc.  Nat.  U\»t.  rroc.. 
Tol.  3.  1851,  pp.  335, 330. 

'  On  the  ago  of  the  sandstone  of  Lake  Superior,  with  a  description  of  the  phenomena  or  igueoiis 
rocks.    Am.  Assoc  Proo.,  vol.  5.  1851,  p.  25. 

*  Op.  cit.  p.  29. 

'Gtol.  Surv.  of  Wis.,  Iowa,  and  Minn.,  and,  incidentally,  of  a  portion  of  Nehraaka  Xeiriturj, 
Philadelphia,  1852,  p.  63. 
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satulstone  west  of  the  Moutreal  Bivcr  is  colored  the  same  as  the  sand- 
stones of  the  central  portion  of  Wisconsin  referred  to  the  Potsdam.  In 
the  legend  the  Lake  Superior  sandstone  is  included  with  the  lower 
sandstones  of  Wiscx)nsin  and  Minnesota  as  the  equivalent  of  the  Pots- 
dam sandstone  of  New  York. 

Mr.  J.  C  Norwood  calls  attention  to  the  resemblance  of  the  8and8tx)ne 
on  the  south  shore  of  Lake  Superior,  west  of  Montreal  Kiver,  to  the 
sandstones  of  the  Chippewa,  St.  Croix,  and  Kettle  Rivers.  A  section 
is  given  that  oexxurs  above  the  mouth  of  Cranberry  River.* 

In  some  remarks  connected  with  the  geology  of  the  north  shore  of 
Lake  Superior  Prof.  J.  D.  Whitney  states  that  from  Sault  Ste.  Marie, 
following  the  south  shore  in  its  whole  extent,  and  along  the  north  side 
as  far  east  as  the  northeastern  extremity  of  Neepigon  Bay,  we  find  ex- 
posed  on  the  lake  shore  only  shales,  sandstones,  and  conglomerates, 
the  equivalent  of  the  Potsdam  sandstone  and  the  accompanying  trap- 
pean  rocks.' 

In  speaking  of  the  red  sandstone  of  Lake  Sn|>erior  Mr.  H.  R.  School- 
craft states  that  in  his  expedition  of  1820  he  recognized  a  sandstone  at 
the  Sault  of  St.  Mary's.     He  says: 

That  this  ih  the  OM  Red  saiidstone  may  be  inferred  simply  from  the  fact  that,  al- 
thoup;h  do|>o8ited  origiiially^iu  horizontal  beds,  its  position  has  been  disturbed  in 
many  iocalitios.^ 

In  his  report  as  State  geologist  of  Michigan  Dr.  A.  Winchell  describes 
the  sandstone  at  the  Falls  of  the  St.  Mary's  River,  where  it  has  a 
measured  thickness  of  at  least  IS  feet.  On  some  of  the  surfaces  he  ob- 
served obscure,  traces  of  Algae.  On  some  specimens  from  the  Montreal 
River  not  less  than  three  species  of  fossil  plants  have  been  discovered. 
He  favors  the  view  that  the  sandstones  of  the  south  shore  of  Lake  Su- 
perior are  of  the  age  of  the  Potsdam.* 

When  commenting  upon  the  fact  that  Prof.  Jules  Marcou  had  re- 
ferred the  red  sandstone  of  Lake  Superior  to  the  Trias  Prof.  J.  S. 
Newberry  states: 

No  American  geologist  will  need  to  bo  informed  that  the  sandstones  of  Lake  Snpe- 

rior  are  of  the  age  of  the  Potsdam  of  New  York  and  lie  at  the  base  of  the  Silurian 

series.    It  is  true  that  there  is  considerable  lithological  resemblance  between  the 

Potsdam  sandstones  of  Lake  Superior  and  those  overlying  the  Carboniferous  series  in 

New  Mexico ;  bnt  that  fact  serves  simply  to  show  how  fallacious  are  the  inferences 

derived  alone  from  lithological  characters.^ 

-^ —      I  — __^ —  I 

^  Description  of  the  frcolopry  of  middle  and  weHtern  Minn.,  indndin;;  the  conntry  iu\)ncent  to  the 
north-west  and  part  of  the  Houtliw»'8t  slioro  of  Lako  Superior.  Rep.  Gcol.  Snrv.  of  "Wis.,  Iowa,  and 
Minn.,  and,  incidentally,  of  a  portion  of  Nebr.iska  'IVrritory.    Philade'pbia,  1852,  p.  2G9. 

'Keinarks  on  some  points  connected  with  the  geolo^j' of  the  north  shore  of  Lake  Superior.  Am. 
Assoc.  Proc.,  vol.  9,  1855,  p.  205. 

*  Observations  on  the  geology  and  mineralogy  of  the  region  embracing  the  sources  of  the  Mississippi 
River  an^  the  Great  Lake  basins  during  the  expedition  of  1820.  Schoolcraft's  Mississippi  River. 
Fhila..  1»55.  pp.  316, 317. 

« Geology,  general  sketch.  Geol.  Surv.  Michigan.  1st  Biennial  Rop.  of  Frog.  Lansing,  1861,  pp. 
49-51. 

*  ( i  oological  report.  Rt^port  upon  the  Colorado  River  of  the  West,  ezpl.  in  1857-'58  by  Lieut  J.  O.  Ives. 
Part  lU,  1861,  p.  75* 
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Of  the  sandstone  at  the  base  of  the  fossiliferoas  series  Dr.  T.  S.  Hant 
says: 

Along  the  northern  rim  of  the  great  Paleozoic  basin  of  North  America  the  Potsdam 
sandstone  of  the  New  York  geologists  is  nnqneationably  the  lowest  rock  from  below 
Qnebec  to  the  Island  of  Montreal,  and  thence  passing  up  the  valley  of  Lake  Chaniplain 
and  sweeping  round  the  Adirondack  Mountains  nntil  it  reenters  Canada  and  soon  dis- 
appears to  the  north  of  Lake  Ontario,  where  the  Birdseye  and  Black  KiverlimoNtones 
repose  directly  upon  the  Lanreutian  rocks,  and  furthermore  overlie  the  great  Lake 
Soperior  groop  of  slates  and  sandstones,  which, reposing  on  the  anconformable  Hu- 
ronian  system,  constitute  the  upper  copper-bearing  roclcs  of  this  region.  This  Lake 
Snperior  group,  as  Sir  William  Logan  remarks,  may  then  include  the  Potsdam,  CaU 
ciferous,  and  Chazy,  and  thus  be  equivalent  in  part  to  the  Quebec  group,  hereafter  to 
be  described.* 

The  section  on  the  Montreal  Biver,  including  11,850  feet  of  strata, 
according  to  Mr.  Charles  Whittlesey,  is  referred  by  him  to  the  Potsdam 
sandstone,  with  a  statement  that  this  is  not  the  entire  thickness  of  the 
Potsdam  at  the  mouth  of  the  Montreal.'  He  states  that  some  foreign 
geologists  have  essayed  to  place  this  formation  nearly  at  the  summit 
of  the  geological  system,  not  only  without  evidence  but  against  the  most 
conclusive  proof.  He  correlates  the  sandstone  at  the  Falls  of  the  St. 
Croix,  with  its  abundance  of  fossils,  with  the  sandstone  of  the  section 
mentioned,  and  states  that  it  has  been  traced  stratigraphically  beneath 
the  Trenton  and  Calciferous  strata  of  the  New  York  survey,  on  the 
St.  Mary's  Eiver,  at  the  Pictured  Bocks,  on  the  Escanawba,  the  Menom- 
inee, Oconto,  Wolf,  Wisconsin,  and  St.  Croix  Rivers.' 

The  view  that  the  sandstones  and  superjacent  rocks  of  the  south 
shore  of  Lake  Superior  were  deposited  within  the  lake's  basin  when 
the  lake  stood  at  a  higher  level  has  been  held  only,  as  far  as  known  to 
me,  by  Mr.  Thomas  Macfarlane.  In  a  report  on  the  geological  forma- 
tions of  Lake  Superior  he  says : 

On  the  other  hand,  the  Upper  rocks  and  St.  Mary  sandstones  are  never  found  far 
inland,  but  occur  close  to  the  shore  in  comparatively  low-lying  land  and  rocks.  They 
seem  to  have  had,  as  the  theater  of  their  eruption  and  deposition,  the  bottom  of  the 
lake,  at  a  time  when  its  surface  was  at  a  higher  level  than  it  is  at  present,  although 
not  so  high  as  the  general  surface  of  the  surrounding  Lanreutian  and  Huroniau  hills.^ 

In  a  paper  on  the  position  of  the  sandstone  of  the  southern  slope  of 
a  portion  of  Keweenaw  Point,  Lake  Superior.  Prof.  Alexander  Agassiz 
states  that  the  sandstone  of  the  southern  side  of  the  mineral  range  in 
the  vicinity  of  Torch  Lake  is  plainly  of  a  differentage,  lying,  as  it  does, 
unconformably  upon  the  former  (i.  e.,  the  trap).  This  view  agrees  with 
that  held  by  the  geologists  who  refer  the  sandstone  of  the  southern  por- 
tion of  Keweenaw  Point  to  the  Potsdam,  and  that  of  the  northern 
coast  to  a  pre-Potsdam  formation.^ 

*  On  sJme  points  in  American  geology.    Am.  Joar.  Sol.,  3d  ser.,  toL  31, 1861,  p.  397. 
*Tbe  Pnnokio  Mineral  Range,  Wisconsin.    Boat  Soo.  Nat  Hist  Proo.,  vol.  9, 1863,  p.  288. 
*Op.cit,p;289. 

*Oo  the  geologioal  formation  of  Lake  Snperior.    Canad.  Natnraliat,  new  ser.,  v<^  3, 1867,  p.  178. 
*0n  the  position  of  the  saodatone  of  the  sonthern  slope  of  a  portion  of  Keweenaw  Point,  Lake 
Bnparior.    Boston  Soo.  Nat  Hist.,  Proo.,  toL  11, 1868,  p.  245. 
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In  All  article  on  the  age  of  the  copper- bearing  rocks  of  Lake  Super- 
ior, MeHHrH.  Brooks  and  Puiupt'll^'  refer  the  sandstones  of  the  soath 
((liore  to  the  Silurian,  aud  state  that  they  were  deposited  onoonforina- 
lii.v  n|>on  the  subjacent  copper-bearing  rocks.^ 

In  hJH  report  npon  the  Paleozoic  rocks  of  Michigan,  Dr.  G.  Bomin- 
g<*r  c(MHjlndes  that  the  Lake  Superior  sandstone  is  the  equivalent  of  the 
INitsdam  sandstone.  He  slates  that  there  is  no  record  of  any  instance 
in  whicili  recognizable  fossils  were  found  in  situ  in  the  Lake  Superior 
sandstone.'  The  reference  of  the  sandstones  of  the  we8t>ern  side  of 
Keweenaw  Point  is  based  upon  their  lithologic  resemblance  to  those 
east  of  the  trap  range  along  the  center  of  the  point. 

Ill  a  paper  on  some  points  in  the  geology  of  northern  Wisconsin 
Prof.  I{.  1).  Irving  drew  the  conclusions  that — 

(I)  The  Cop p(^r- Bearing  and  Hnronian  series  were  once  spread  oat  horizontally 
one  over  the  iitlifi-  and  owe  their  presenl  highly  tilted  position  to  one  and  tlie  same 
diiilurbanco.  (2)  That  subseqnently,  after  a  long  period  of  erosion,  the  horizontal 
Hilnrian  sandstones  were  laid  down  over  and  against  the  nptnrned  edges  of  the 
Copper-Hearing  series,  filling  also  the  synclinal,  in  Ashland  County,  which  lies  be- 
twe«Mi  the  northward  and  southward  dipping  sandstones.  (3)  That  hence  the  Cop- 
por-Hciiring  series  is  more  clearly  allied  to  the  Archean  than  to  the  Silurian  rocks.' 

Lie  describes  the  series  of  horizontal  sandstones  and  shales  that  form 
the  basement  rock  of  the  A)>ostle  Islands  and  the  north  coast  line  of 
Ashland,  Bayfield,  and  Do|igIaa  Counties.  These  he  considers  in  every 
way  to  be  the  equivalent,  or,  which  is  more  probable,  the  downward 
continuation  of  light-colored  Primordial  sandstone  of  the  Mississippi 
Valley.  They  reappear  farther  south,  on  the  headwaters  of  the  St. 
Croix,  from  whence  they  can  be  traced  uninterruptedly  until  they  dis- 
appear beneath  the  light-colored  sandstones  of  the  Mississippi  Valley.^ 
This  paper  of  Prof.  Irving's  was  reprinted  in  the  American  Journal  of 
Science,  under  the  title  '^Ou  the  age  of  the  copper-bearing  rocks  of 
Lake  Superior,"  etc.* 

It  is  stateti  by  Mr.  E.  T.  Sweet  that  the  term  ^'Lake  Superior  sand- 
stone^' *Ms  generally  employed  to  designate  the  re<ldish  aluniinons 
samlstones  which  nearly  everywhere  bonier  the  south  shore  of  Lake 
Su|»erior.  They  also  form  the  basement  rock  of  the  Apostle  islands. 
They  have  never  beeu  found  iu  a  tilted  condition."^  He  considers  that 
Dr.  Kominger,  of  the  Michigan  GeologiciU  Survey,  has  definitely  set- 
tled that  these  sandstones  are  the  downward  continuation  of  the  light- 
colored  sandstones  of  the  Mississippi  Valley;^  and  concludes  that  the 
western  miiidstone  of  Irving,  or  that  of  the  Apostle  Islands  and  vicin- 


^  iHk  th<k  «f«'  «kf  1^  eoppi^r>l«««nnj{r  rocks  of  Lake  Supc^rior.    Am.  Jour.  Sci.,  Id  wr.,  tuL  SL  UVS.  p|»> 
431  4». 
« l«»k>«\Mik>  m^lok    GfwI.  Sarr,  ir«t^hic»B.  Tpp^r  P<*«im«al».  ]9S»-I«73.  Ttd.  1.  pi.  3. 1R73,  pc  St. 
<0«  «HB«  |M»uita  la  Ike  xeol«cy  oi  BorUi«(m  WiwMMUi.    WiwmMiB  Aoad.  Sci.  TnAs.,T«L  ^  1874,  p. 

•  Awi>  J*H»r,  S^r,  M  «*M  Till.  «.  lfT4.  pp.  IC-ML 

* X%^r»  M  ikt'  CV^^NCJ  ^  »Mt hf«a  W im««mb.    WU  AcaA.  Set  TrwMC,  t«I.  I^  IfTC,  p^  48L 
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ity,  is  of  the  same  age  as  the  eastern  samlstoiie,  along  the  shore  of 
Lake  Saperior,  east  of  Keweenaw  Point. 

A  description  of  the  Lake  Superior  sandstone  is  given  by  Dr.  Irving 
in  his  account  of  the  geological  structure  of  northern  Wisconsin  that  is 
very  full  and  complete,  and  it  will  be  i*eferred  to  again  in  the  summary 
of  our  present  knowle<lge  of  that  formation.^  In  the  account  of  the 
geology  of  the  eastern  Lake  Superior  district  in  the  same  volnnie  Dr. 
Irving  described  the  Lake  Superior  or  Pots<lam  sandstone  of  the 
Ai)ostie  Islands  and  adjoining  shore.'  An  account  of  the  sandstone 
as  it  occurs  in  the  western  Lake  Superior  district  is  given  by  Mr.  E.T. 
Sweet  in  18S0.3 

Dr.  M.  £.  Wadsworth  notes  that  the  sandstone  at  Marquette  rests 
npon  the  Azoic  schists.  That  south  of  the  Carp  Biver,  in  the  locality 
figured  by  Messrs.  Foster  and  Whitney,  the  sandstone  strata  are  seen 
to  abut  against  and  overlie  the  vertical  edges  of  the  quartzite.^ 

A  general  account  of  the  Potsdam  sandstone  series  is  given  by  Dr. 
R.  D.  Irving  in  his  article  on  the  mineral  resources  of  Wisconsin.  Of 
the  Lake  Superior  sandstone  he  says: 

The  liorizontal  sandstone  of  the  south  shore  of  Lake  Superior  belongs  unquestion- 
ably to  this  formation,  though  it  is  a  matter  of  doubt  whether  the  two  sandstones  do 
or  ever  did  connect.  The  Lake  Superior  rock  differs  from  its  more  southern  equiva- 
lent in  its  red  color.* 

The  sandstones  at  the  eastern  end  of  Lake  Superior,  on  the  St.  Mary's 
Kiver,  were  referred  to  the  Chazy  formation  by  Sir  W.  B.  Logan.  Dr. 
T.  S.  Hunt  calls  this  view  a  speculation,  which  was  shown  to  be  unten- 
able b3'  the  establishment  of  the  Potsdam  age  of  the  sandstones  over- 
lying the  quartzites  of  Wi^^consin  and  in  northern  Michigan,  where 
Jioutinger  tinds  the  upper  sandstone  to  be  overlaid  by  Oalciferous- Chazy 
beds.** 

Th  •  Eastern  sandstone,  or  that  between  the  Keweenaw  Uidge  and 
eastward  along  the  south  shore  of  Lake  Superior,  is  well  described  by 
Dr.  K.  D.  Irving  in  his  account  of  the  copper- bearing  rocks  of  Lake 
Superior.''  This  is  followed  by  a  description  of  the  western  sandstone, 
or  that  occurring  on  the  south  shore  of  the  lake,  west  of  Keweenaw 
Point.  An  abstract  of  this  report  also  ai)peared  in  the  third  annual 
report  of  the  U.  S.  Geological  Survey,  1883,  pp.  S9-188. 

ill  an  article  on  the  age  of  the  rocks  af  the  northern  shore  of  Lake 
Superior  Dr.  A.  B.  0.  Selwyn  states  that  he  Considers  the  trap  and 
sandstone  to  be  of  Lower  Cambrian  age.  He  calls  them  all  Lower 
Cambrian,  which  includes  Potsdam  and  Primordial  Silurian.    He  holds 

( a«)oluKii;al  Mtraclare  of  northern  Wisconsin.    Gool.  WIac.  Sitrv.  of  1873-'79,  voL  3, 18bO,  pp.  1-25. 

»0|».  lit.,  pp.  207-210. 

■  Lake  SiiiH'rior  Saudsiune.    Oeol.  Wi»c  Snrr.  of  1873-1879,  vol.  3, 1880,  pp.  350-352. 

*  Not.  A  on  the  geology  of  the  Iron  and  copper  districts  of  Lake  Supei-itir.    Cainb.  Mas.  Comp.  Zool. 
Bull.,  rol.  7. 1880,  p.  00. 

*  Tlie  mliioml  resourcoa  of  WiiHtonain.    Am.  lust.  Mining  Rug.  Trans.,  voL  8, 1880,  p.  488l 
*Tlie  Ueulitfry  of  Lak«>  Saporior.    Science,  vol  1, 1883,  p.  219. 

'  U.  S.  GeoL  Sarve3%  Monograph,  vol  5, 1883.  pp.  351-305. 
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that  there  Is  at  present  do  evidence  whatever  on  the  north  shore  of  Lake 
Sn))erior  of  their  holding  any  other  place  in  the  geological  series.^ 

Tbis  view  of  Dr.  Sehvyn's  was  concuit-ed  in  by  Prof.  J.  D.  Whitney, 
who  stated  it  to  be  the  opinion  held  by  Messrs.  Foster  and  Whitney 
thirty  years  previously.* 

Dr.  Irving  took  exception  to  the' statement  niacie  by  Dr.  Selwyn  that 
there  is  no  evidence  whatever  of  the  rocks  holding  any  other  place  in 
the  geological  series  than  that  including  the  Potsdam  and  Primordial 
Silurian,  and  stated : 

(I)  That  the  copper-bearing  rocks  andeHie  nnconformsibly,  and  with  an  immense 
nncouformity,  a  series  of  saudstones  holding  Cambrian  fossils.  *  *  *  (2)  That 
the  cupp<ir- bearing  strata  also  underlie  unconfoimably  the  *' eastern  sandstone'*  of 
the  south  shore  of  the  eastern  half  of  Lake  Superior.  *  *  *  (3)  That  the  time- 
gap  between  the  copper-boariug  series  and  the  Hnrouian  was  too  long  to  allow  of 
jonr  chiSbiiig  them  together.' 

The  view  of  Messrs.  Selwyn  and  Whitney  was  also  opposed  by  Dr. 
T.  S.  Hunt,  who  referred  the  basal  sandstone  to  a  pre-Oambrian  group."* 

In  a  note  on  Dr.  Selwyii's  paper,  Prof.  N.  H.  Winchell  concurs  with 
him  in  the  sweeping  affirmation  that  there  is  at  present  no  evidence 
whatever  of  their  (i.  e.,  the  copper- bearing  rocks)  holdingany  other  place 
in  the  geological  series  than  that  of  the  Potsdam  or  Primordial  Silurian. 
^^  1  would  also  add  that  there  is  incontestible  evidence  that  they  can  hold 
no  other. ^  * 

In  opposition  to  the  view  of  Prof.  Winchell,  Prof.  Chamberlin  stated 
the  evidence  upon  which  the  pre-Oambrian  age  of  the  copper-bearing 
series  of  Lake  Superior  is  biised.  It  is  (1)  the  general  stratigraphicai 
relation  indicated.  This  he  considers  to  bo  the  weakest  of  all.  (2) 
Differences  in  thickness;  (3)  differences  in  constitution;  (4)  unconform- 
ity ;  (5)  the  inherent  inconsistency  of  the  view;  (6)  the  dynamic  sim- 
plicity of  the  view;  (7)  the  discovery  ofa  like  series  in  the  Grand  Canon 
of  the  Colorado." 

Shortly  after  Prof.  Charaberlin's  paper,  Dr.  M.  E.  Wadsworth  pub- 
lislied  an  article  on  the  relations  of  the  Keweenawan  series  to  the  East- 
ern sandstones.  His  observations  differ  from  those  of  Dr.  Irving  and 
he  claims  that  the  Keweenawan  series  has  no  existence  distinct  from  or 
older  than  the  sandstone  of  Potsdam  age.  In  speaking  of  his  observa- 
tions he  says,  **  These  observations  also  prove  at  the  birthplace  of  the 
Keweenawan  series,  that  formation  and  the  Eastern  sandstone  were 
one  and  the  same.'" 

The  paper  of  Dr.  Wadsworth  was  followed  shortly  after  by  one  of 
Messrs.  Whitney  and  Wadsworth  on  the  "Azoic  system  and  its  pro- 

>  A  tro  of  the  rookii  on  the  northern  shore  of  Lake  Sap?rior.    Soience,  voL  1,  1883,  pp.  11, 231. 
' (iiology  of  Lake  Saperior.    Science,  vol.  1,  1883,  p.  39. 

*  Tbe  copper  bearing  rocks  of  Lake  Saperior.    Science,  vol.  1,  1883,  pp.  140, 141,  3&0, 880,  422. 
«  The  Geology  of  Lake  Saperior.    Science,  vol.  1«  1883,  pp.  218, 210. 

*  The  Lake  Saperior  Rooks.    Science,  vol.  1,  1883,  p.  334. 

*  The  copper-bearing  series  of  Lake  Superior.    Science,  vol.  1, 1883,  pp.  453-455. 

'On  the  relation  of  the  "  Keweonawaii  .series  "  to  llio  EiiHtern  saud^tone  in  the  Ticinity  of  Torch 
Lak»,  Michigan.    Boston  Soo.  Nat  HUt  Proc,  vol.  2.1,  1884.  p.  174. 


WALCOTTJ  MISSOURI.  199 

posed  sabdiyisioDS."  This  cODtaius  a  critical  review  of  the  published 
papers  ui>on  the  age  ofthe  copper-beariug  rocks  of  Michigan,  WisconsiD, 
aud  Canada.^ 

In  their  observations  on  the  junction  between  the  Eastern  sandstone 
aud  the  Keweenaw  series  Messrs.  Irving  and  Chamberlin  published  a 
map  of  Keweenaw  Point,  showing  the  distribution  ofthe  Eastern  sand- 
stone to  be  confined  to  the  southeastern  side  ofthe  point,  the  northern 
and  northwestern  sides  being  formed  of  the  Keweenaw  series.'  They 
discuss  the  views  held  by  Messrs.  Jackson,  Foster  and  Whitney,  Agiis- 
siz,  Bominger,  and  Credner  upon  the  stratigraphic  position  in  the  geo- 
logic series  of  the  Eastern  sandstone  and  the  sandstones  of  the  Kewee- 
iiawan  series;  aud  give  also  a  detailed  account  of  the  contact  between 
the  sandstone  and  the  Keweenaw  rocks. 

MISSOURI. 

The  first  notice  we  have  of  a  sandstone  about  the  Ozark  Mountains  of 
southeastern  Missouri  is  by  Dr.  Edwin  James  in  1822,  who  called  atten- 
tion to  an  inclined  sandstone,  like  that  of  the  AUeghiiny  Mountains, 
between  which  and  the  granite  there  intervened  a  stratum  of  clay 
slate  highly  inclined  and  resembling  the  primitive  clay  slate  of  New 
England.^ 

This  was  followed  twenty-nine  years  later  by  a  sketch  ofthe  geology  of 
the  State  of  Missouri,  in  which  Mr.  H.  King  describes  whatlie  calls  the 
second  magnesian  limestone.  Beneath  this  is  a  sandstone  which  he 
was  inclined  to  correlate  with  the  Potsdam  sandstone  of  New  York. 
The  presence,  however,  of  Lituites,  Euomphalus,  Pleurotomaria,  Nat- 
icaf  was  opposed  to  this  view,  but  the  stratigraphic  and  lithologic 
evidence  sustains  the  correlation.  In  order  to  explain  the  presence  of 
the  fossils  he  suggests  that  <Hhis  may  be  an  independent  formation 
not  represented  in  New  York  or  elsewhere,  and  3'et  nearly  contemporary 
with  the  first  evidences  of  organic  existence  there  and  to  be  associated 
with  them  in  the  same  geological  epoch."* 

The  work  of  the  first  l^lissouri  survey  proved  the  presence  of  four 
msignesian  limestones  with  a  belt  of  sandstone  between  the  third  aud 
the  fourth,  the  fourth  limestone  forming  the  base  of  the  series.  Prof. 
G.  C.  Swallow  describes  the  third  sandstone,  above  the  fourth  magne- 
sian limestone,  as  a  white  saccharoidal  sandstone,  made  up  of  slightly 
cohering  transparent  globular  and  angular  particles  of  silex.  It  is  as- 
signed a  thickness  of  30  feet,  and  owing  to  its  position  below  the  third 
magnesian  limestone  is  considered  at  least  as  old  as  the  Calciferoiis 
sandrock,  and  there  is  great  probability  that  it  may  prove  to  be  beneath 

I  The  Azoic  syHtem  and  ita  proposed  subdivisions.  Harvard  Miis.  Cuinp.  Zool.  Buil.,  vul.  7,  U84,  pp. 
482-498. 

'Observations  on  the  junction  bet  weou  tlio  Eastern  sandstone  and  the  Keweenaw  series  on  Keweenaw 
Point,  Lake  Snperior.    U.  S.  GeoJ.  Snr%'.  Bull.,  No.  23, 18^55,  pi.  i. 

'Geological  sketches  of  the  Mis^isMippi  Vnlhy.     Thil.  Acad.  Sii.,  Jour.,  vol.  2,  1822,  p.  329. 

^Sorne  remarks  on  the  geology  of  the  State  of  Mi.s.Huuri.    Aiu.  Assoc.  Proc.,  vol.  f   1:?51,  pp.  100,  !0i. 
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the  Potsdaiu  sandstone.'  In  a  footnote  on  page  129  it  is  said  that 
since  the  report  was  writti^n  Mr.  Meek  discovered  a  trilobite  in  the  third 
umgncsiaii  limestone,  wlr'ch  he  and  Dr.  B.  F.  Shumard  considered 
identiciil  witli  one  from  the  Potsd<nm  sandstone  of  the  Northwest.  In 
thetubnlation  of  the  strata  as  determined  in  Missouri  both  the  third 
sniidstone,  and  the  fonrth  magucsian  limestone  are  included  andcr  Gal- 
ciferous  sand  rock.' 

When  si)eaking  of  the  geological  map  and  the  section  of  the  rocks  of 
Missouri,  |)repared  prior  to  1861,  Prof.  O.  O.  Swallow  states  that  the 
Potsdam  sandstone  rests  unconformably  upon  the  Azoic  stratified 
slates  of  Missouri.^ 

The  presence  of  the  third  sandstone  and  the  fourth  magnesian  lime- 
stone is  noted  by  Mr.  F.  B.  Meek  in  Morgan  and  Miller  Counties.  In 
Miller  County  the  two  formations  have  a  thickness  of  33  feet  and  in  Mor- 
gan County  the  third  sandstone  varies  from  15  to  30  feet.  The  fourth 
magnesian  limestone  is  assigned  a  thickness  of  150  feet.^ 

On  the  m:\\)  of  Madison  County,  prepared  by  Messrs.  C.  J.  Norwooil 
and  G.  C.  Broadhead,  the  geogrjvphic  distribution  of  the  rocks  referred 
to  the  Cambrian  and  pre-Cambrian  is  delineated.  ** 

Below  the  third  magnesian  limestone  in  Madison,  St.  Francois,  and 
Iron  Counties,  I'rof.  G.  C.  Broadhead  found  siliceous  or  gritstone  beds 
with  intercalated  magnesian  limestones  and  subjacent  to  these  are  mar- 
ble beds,  beneath  which  occur  sandstones,  conglomerates,  and  shales. 
These  are  numbered  one,  two,  and  three,  respectively,  in  No.  3,  beneath 
tlicthinl  magnesian  limestone,  Lingulella  lambornij  Meek  occurs.  On 
the  St.  Francois  River,  in  Madison  County,  the  lower  unaltered  sand- 
stones rest  directly  on  the  granite.® 

At  a  dexip  well  at  the  St.  Louis  County  luvsane  Asylum  the  following 
section  is  referred  to  as  beneath  the  third  magnesian  limestone: 

11.  98  feet  of  third  sandstone. 

12.  384  feet  of  fourth  magnesian  limestone. 

13.  54  feet  of  Potsdam  sandstone. 

14.  245*4  feet,  mostly  granite,  although  a  portion  of  the  upper 

part  may  be  sandstone. 

15.  40  feet  of  granite.' 

A  more  detailed  account  of  the  strata  beneath  the  third  magnesian 
limestone  is  given  on  pages  352-357.    The  fossiliferous  bed  is  separated 

as  a  '^Lingnlagrit."     In  this  there  were  observed  Lingulella  lamhorni, 

•  — — — . 

'(joilo^y  of  MiBKOuii.    Silorian  System.    Geol.  Surv.  IMissoiiri;  Ist  antl  2d  ann.  repts ,  parti, 
185."!,  pp.  l-.'8. 129. 
'Op.  cit.  pla.  between  pp.  GO  and  61. 
'i^sriiiMiks  on  tbe  Geological  Map  and  Section  of  the  rocks  of  Missonri.     Am.  Nat.  ,vol.  5, 1871,  p.  541. 

*  Reports  on  the  geological  survey  of  the  Stale  of  Missouri,  1855-1871, 1873,  pp.  127. 140. 

*  Atlas  accompanying  Geological  Survey  of  MUaouri,  Keport^  including  field  work  of  1873-1874^ 
vol.  1.    JeffiriHon  City,  187C 

*  Op.  cit.,  p.  31. 
'Op.  cit.,  p.,  82. 
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Orthoceras,  a  gasteropod,  and  a  form  reseinbliug  a  oross-section  of  a 
coral  of  the  genus  Zaphrentis. 

In  a  description  of  tlie  southeast  Missoud  lead  district  Prof.  Broad- 
head  gives  a  r6sum6  of  the  geology,  and  suggests  that  if  the  Lingula 
{Linguklla)  lamborni  and  Scolithus  should  bn  found  in  the  Oalciferous 
group  he  would  prefer  to  assign  all  the  rocks  from  the  lower  sandstone 
to  No.  1,  inclusive,  as  Oalciferous.^  The  marble  of  southeastern  Mis- 
souri was  referred  in  ld8J  by  Prof.  Broadhead  to  the  older  series  or 
Potsdam,  and  the  upper  series  to  the  Upper  Silurian,  with  the  state- 
ment that  Potsdam  quarries  are  found  in  Madison,  Iron,  and  E^ynolds 
counties.  The  marble  beds  will  be  spoken  of  in  the  summary  of  the 
Cambrian  rocks  of  Missouri.' 

In  a  paper  upon  ''The  Geological  History  of  the  Ozark  Uplift"  Prof. 
G.  G.  Broadhead  describes,  in  1889,^  in  a  general  way  rocks  referred  to 
the  Potsdam  and  the  Oalciferous  formations.    Of  these  he  says : 

The  evideoce  is  that  the  sandHtones  and  magneBian  limestones  (Potsdam  and  Cal- 
clfuroas)  were  deposited  in  Archeau  valleys  of  erosion,  for  they  genoraUy  repose 
nearly  horizontally^  or  with  slight  inclination,  upon  the  Archean.^ 

EASTERN  BORDER  OB  ADIRONDACK  SUBrROVrNCB. 

This  includes  the  area  about  the  Adirondack  Mountains  of  New 
York  and  the  adjoining  portions  of  Ganada  to  the  north. 

In  a  report  of  the  geological  structure  of  the  county  of  Saratoga, 
Mr.  J.  H.  Steele  states  that  a  conglomerated  uiaiss  of  rock  is  found  in 
the  town  of  Greenfield  not  far  from  its  south  line,  on  the  southeast  side 
of  the  Kayadarosseias  Mountains,  resting  upon  the  primitive  rocks, 
fie  says : 

It  consists  of  rounded  pebbles  of  qnartz,  from  the  size  of  a  small  shot  to  that  of  a 
man's  head,  nnitf)d  into  on»  coiiiniou  mass  by  a  kind  of  coarse  forriigiiions  sand,  it 
extends  along  the  mountains  to  no  great  distance,  but  fragincuts  of  it  lay  scattered 
in  all  directions,  and,  indeed^  arc  found  along  the  whole  extent  of  the  south  line  of 
the  town  of  Greenfield,  and  in  various  other  places.' 

Under  the  heading  of  ^^  Coarse  Siliceous  sandstone"  a  description  is 
given  of  an  extended  horizontal  stratum  along  the  west  part  of  the 
north  line  of  the  town  of  Saratoga  Springs,  and  some  way  into  the  town 
of  Greenfield : 

It  is  a  coarse,  hard  rock,  resembling  common  quartz  in  its  fracture^  but  it  is  more 
loose  and  granular  in  its  structure.  It  is  of  a  white  color,  niid  when  hcutcd  and 
thrown  into  water,  crumbles  into  a  lino  white  sand.  •  »  *  i  have  been  somewhat 
at  a  loss  to  know  where  to  place  thid  formation,  but  from  several  circumstances  I  am 
coulideut  it  should  be  placed  among  the  oldest  of  the  trausitiuu  class. <^ 


'The  SoatheMtem  Missouri  lead  iHstrict.    Am.  InMt.  Miuini;,  Eng.,  Trans.,  vol.  5,  1877,  p.  102. 
'  Marblu  of  southeast  Missouri.    Kiwsas  City  Kovihw,  vol.  5, 1882,  pp.  524-526. 

*  Am.  Geolojrist,  vol. 3, 18S9,  pp.  6-13. 
*0p.cii.,  p.  8. 

*  A  report  of  the  geoloj^ical  structnro  or  the  couoty  of  Saratoga.    Memoirs  of  the  Board  of  Agrioul- 
tcre  of  the  State  of  New  York,  vol.  2, 1823,  p.  53. 

•Op.oit,p.64. 
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A  description  is  also  givea  of  a  Calcareous  sandstone  as  it  occurs 
on  tbe  west  side  of  the  Kayadarosseras  Mountains.^  The  sandstone 
referred  to  by  Mr.  Steele,  and  also  the  lower  portion  of  the  Calcareous 
sandstone,  are  now  known  to  be  of  Upper  Cambrian  age. 

Various  references  are  made  by  Prof.  Amos  Eaton  to  the  Calciferous 
sandrock  (or  Transition  sandrock)  ns  examined  by  him  in  the  valley  of 
the  Mohawk.  He  also  says :  '^  Perhaps  the  Transition  sandstone  of  the 
Green  Mountain  series  may  not  be  connected  with  that  of  the  Macomb 
Mountain  series.'^  Most  of  Prof.  Eaton's  references  to  this  formation 
are  very  indefinite,  and  he  included  it  with  the  Calciferous  sandrock,  as 
exposed  at  Little  Falls  in  the  valley  of  the  Mohawk.  That  he  was 
aware  of  its  stratigraphic  position  is  shown  by  the  comparisons  made 
between  the  Transition  sandstone  of  the  Green  Mountains  and  that  of 
the  Macomb  Mountains,  the  latter  now  being  known  as  the  Adiron- 
dacks. 

The  attention  of  Mr.  J.  H.  Steele  was  called  to  the  oolitic  formation 
about  2  miles  from  the  village  of  Saratoga  Springs.  He  described  the 
occurrence  of  great  quantitiesof  calcareous  concretions  of  a  most  singular 
slruclure ;  they  are  mostly  hemispherical,  but  many  of  them  are  globular 
and  vary  in  size  from  half  an  inch  to  that  of  2  feet  in  diameter ;  they  are 
obviously  composed  of  a  series  of  successive  layers,  nearly  parallel  and 
perfectly  concentric,  etc.^  This  is  the  first  notice  of  a  fossil  that  was 
subsequently  described  by  Prof.  James  Hall  as  CryptozoonproHferum,^ 
It  occurs  in  layers  in  which  the  Upper  Cambrian  or  Dikelocephalus 
fauna  is  found  a  few  miles  west  of  Saratoga  Springs. 

In  the  tirst  annual  report  of  the  geological  survey  of  New  York 
Dr.  Emmons  mentions  a  sandstone  resting  on  the  primitive  rocks  both 
on  the  Jjake  Cham  plain  side  of  the  Adirondack  Mountains,  at  Whitehall, 
and  on  the  western  side,  in  the  vicinity  of  Theresa,  on  the  Indian  River.' 
In  this  preliminary  paper  the  Calciferous  sandrock  of  Prof.  Eaton  and 
the  subjacent  sandstone  are  not  clearly  differentiated.  In  the  second 
report,  however,  he  separated  the  sandstone  as  the  ^'sandstone  of  Pots- 
dam."^   His  description  of  the  rock  is  as  follows: 

• 

I  8hall  not  enter  upon  its  geological  relations  any  further  than  to  state  that  in 
Potsclaui  and  other  towns  in  which  it  appears  it  nnifbrnily  rests  on  the  primary 
strata ;  and  in  no  part  of  the  county  is  there  any  rock  which  interposes  itself  between 
it  uu'l  the  Primary^  so  that  it  appears  here  as  the  oldest  representative  of  the  transi- 
tion series.  The  identification  of  this  rock  with  the  sandstones  along  the  southern 
border  of  Lake  Ontario  will  be  a  matter  of  some  difficulty.    It  is  geologically  below 

'  Op.  cit.,  p.  50. 

'  A  zoological  RDd  aericoltaral  sorvey  of  the  district  adjoining  the  Erie  Canal,  1824,  p.  78. 

>  A  description  of  the  oolitic  formation  lately  discovered  in  the  county  of  Saratoga  and  State  of  New 
York.    Am.  Jour.  Scl.,  vol.  9, 1825,  p.  17. 

^Crvptozoon,  n.g.,Cryptozoon  proliferum,  n.  sp.  Description  of  PI.  vi.  36th  Ann.Rep.K.Y.  State 
MiiH.  Nat.  Hist..  1884. 

A  Kii-xt  animal  report  of  the  second  geological  district  of  New  York.  First  annnal  report  of  the 
geological  survey  of  New  York.    Albany,  1837,  pp.  106, 107. 

*^  Report  of  the  geologist  of  (he  second  geological  district  of  New  York.  Second  annual  report  of 
the  geu.!oglcal  survey  of  New  York.     Albany,  1838,  p.  214. 
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tbe  IranBition  limestone  and  never  in  the  northern  district  alternates  with  it,  bat 
always  holds  the  relation  of  an  inferior  rock.' 

This  rock  is  a  true  sandstone,  of  red,  yellowish  red,  gray,  and  grayish  white 
colors.  It  is  made  np  of  grains  of  sand  and  held  together  without  a  cement.  Inter- 
mixed with  the  siliceous  grains  are  finer  particles  of  a  yellowish  feldspar,  which  do 
not  essentially  change  the  character  of  the  sandstone,  bat  they  show  the  probable 
fionrce  from  which  materials  forming  it  were  originally  derived,  viz,  some  of  the  vari- 
eties of  granite.  Unlike,  however,  most  of  the  sandstones,  it  is  destitute  of  scales  of 
mica.  The  coloring  matter  of  the  rock  is  evidently  oxide  of  iron,  but  unequally 
diffiised  through  it,  giving  it  intensity  or  deepness  of  color  in  proportion  to  its  quan- 
tity. In  some  places  it  is  almost  wanting,  which  makes  it,  when  pulverized,  a  good 
material  for  glass.  The  grains  and  particles  in  its  composition  are  generally  angular, 
but  where  it  takes  the  character  of  a  conglomerate,  as  it  does  iu  the  inferior  layers, 
they  are  frequently^  rounded.  The  thicker  strata  exhibit  an  obscurely  striped  appear- 
ance, owing  to  prevalence  of  certain  colors  in  the  different  layers.* 

In  the  description  of  tbe  sandstone  on  the  Lake  Ohamplain  side  in 
Essex  Oonuty  it  is  said : 

This  I  consider  the  same  formation  I  have  described  under  the  name  of  the  ''Pots- 
dam sandstone."  Its  position  is  evidently  beneath  the  Transition  limestone  and  Calcif- 
erons  sandrock.  It  is  very  deficient  in  organic  relics,  though  not  entirely  destitute 
of  them.  It  is  unnecessary  to  repeat  what  has  already  been  said  of  this  rock;  it  is 
pnrcly  qnartzose  or  siliceous  in  it<s  composition  and  finely  stratified.  It  dips  to  the 
northeast  at  Port  Kent,  at  an  angle  varying  from  5°  to  10°.  The  places  where  it 
occurs  along  Lake  Ohamplain  are  indicated  on  the  map  of  a  part  of  this  county,  to 
which  I  refer  the  reader.  This  rock  at  Keeseville  has  been  rent  in  the  most  remark- 
able manner;  several  fissures,  the  principal  one  of  which  extends  nearly  a  mile,  and 
through  which  the  An  Sable  flows,  have  been  opened  by  some  convulsion  in  nature  to 
the  depth  in  some  places  of  100  feet,  and  from  5  to  20  feet  wide.  Near  the  bottom  of  the 
fissure  at  the  High  Bridge,  as  it  is  called,  I  discovered  numerous  specimens  of  a  small 
bivalve  mollnsca,  a  Lingola.  I  found  also,  on  examination,  that  the  same  fossil  oc- 
curred through  an  extent  of  seventy  feet  at  least,  and  so  far  as  I  could  discover  it  was 
the  only  fossil  inclosed  in  the  rock.  It  is  extremely  thin  and  delicate,  yet  the  shell 
is  perfectly  preserved,  and  is  probably  one  of  the  oldest  inhabitants  of  the  globe,  as 
tbe  rock  in  which  they  occnr  is  the  oldest  of  the  transition  series.* 

In  the  second  annnal  report  of  the  paleoDtological  department  of  the 
New  York  survey  Prof.  T.  A.  Oonriad  tabulated  the  formations  to  show 
the  order  of  superposition  and  some  characteristic  fossils  in  the  tran- 
sition strata.  On  the  primary  occurs  No.  1,  formed  of  variegated  sand- 
stones (Potsdam  sandstone  of  Emmons),  and  the  olive  8andi>tones  and 
slates,  characterized  by  Fueoides  serra.  These  are  classified  under  the 
Cambrian  system  of  Prof.  Sedgwick. 

The  base  of  the  Lower  Silurian  is  a  gray  calcareous  sandstone,  char- 
acterized by  Idngula  (icuminata.    This  part  of  his  table  is  as  follows:^ 

LOWKR  SILURIAN  STRATA. 

Gray  calcareous  sandstone lAngula  aonminata 

» Op.  cit,  p.  214. 
'Op.cit,p.215. 
'Op.  cit.,  p.  230. 

*  Si-cond  annaftl  report  of  the  paleontological  department  of  the  survey.    Third  annual  report  of  the 
Kciilogical  aarrey  of  New  York.     Alhany,  1839,  p.  83. 
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CAMBltlAN  8Y8TE.\I  (SKDOWICK). 

Olive  sandstone  and  slato Fucoides  serra  (Brong.) 

'  igated  sandstone  (Potsdam  sandstone  of  Eminuns) IHctuoUtes  radians 


i  Olives 
Variegi 


A  description  of  the  {ideographic  distribution  of  the  Potsdam  sand- 
stone in  Clinton  County  is  given  by  Dr.  Etumons  in  the  third  annnal 
report  of  the  New  York  State  survey,  lie  also  describes  its  strati- 
graphic  character  and  appearance,  and  states  that  at  Flat  Rock  the 
Siiiidstone  is  more  or  less  a  conglomerate  and  coarser  thau  at  Potsilam 
or  Keeseville.^ 

A  description  of  the  Potsdam  sandstone  as  it  occurs  on  the  western 
side  of  the  Adlrondacks,  in  Jefferson  County,  is  given  by  Dr.  Emmons 
in  his  fourth  annual  report,  as  follows:^ 

Lying  auconformablj  upon  the  primary  is  the  Potsdam  sandstone.  It  is  there- 
fore next  in  the  series.  It  is  a  firmer  rock,  more  crystanine,  and  less  porons  than 
the  same  rock  in  St.  Lawrence,  and  esi)ecially  that  belonging  to  Potsdam. 

The  only  fossil  found  in  it  was  a  small  linguloid  shell  called  Lingula 
otaia? 

The  presence  of  the  Potsdam  sandstone  in  Lewis  County  is  noted  by 
Mr.  Lardner  Vanuxom,  who  states  that  the  sandstone  appears  in  the 
northeastern  part  of  the  county  in  low  ridges,  with  all  the  characteristics 
given  by  Prof.  Emmons,  in  whose  district  it  is  an  extensive  rock.^ 

The  Potsdam  sandstone  as  it  occurs  in  Washington  County,  upon 
tlie  eastern  side  of  the  mountains,  is  described  by  Dr.  W.  W.  Mather  as 

a  hardy  siliceous  sandstone,  whit«,  red,  gray,  yellowish,  and  frequently  striped.  It 
is  well  developed  at  Whitehall,  where  it  has  a  thickness  of  150  to  200  feet.  It  extends 
np  the  valley  of  Wood  Creek  in  a  southerly  direction  by  Conistock's  Landing,  1  mile 
easL  of  Fort  Ann,  and  so  on  farther  south,  diminishing  in  thickness  and  becoming 
inlerlaminated  with  fin^r-grained  «»trata  of  grits,  slates,  and  shales.  Some  of  the 
strata  of  this  rock  are  covered  with  the  most  beautifully  characterized  ripple-marks, 
as  perfect  as  if  just  formed  on  the  sand  of  a  sea  beach,  while  the  rock  is  of  the  most 
indurated  kind  of  sandstone^ 

The  only  fossils  noticed  were  fncoidal  impressions. 

The  geographic  distribution  of  the  Potsdam  sandstone  about  the  Adi- 
roudacUs  is  shown  on  the  map  of  1841  thsit  accompanies  the  tinal  repoit 
of  the  State  geologists  of  New  York.  On  a  geological  map  of  the  Mid- 
dle and  Western  States  by  Prof.  James  Hall  *  the  main  geographic  dis- 
tribution is  indicated  and  a  small  area  on  the  southern  side  of  the  Wis- 
consin Itiver  in  Wisconsin  is  the  same  tint  as  the  Potsdam  area  of  New 
York 


I  Third  aniiiial  report  of  the  aocond  geological  district.    Third  annaal  report  of  the  geological  sur- 
vey of  New  i'orlc,  1839,  pp.  231, 232. 

*  Fourth  aunual  report  of  the  survey  of  the  second  geological  district  of  New  York.    Fourth  auDual 
report  of  the  geological  survey  of  New  York .     Albany,  1810,  i).  322. 

3  0p.cit.,p  32:i. 

*  Fourth  annual  report  of  the  geological  survey  of  the  3d  district.    Fourth  Report  of  the  Geological 
Surrey  of  Now  York.    Alhauy,  1810.  pp.  SGTi,  368. 

*  Fifth  annual  report  on  tlie  geological  sai  vey  of  the  Ist  geological  district    Fifth  Annual  Report  of 
tho  Geological  Survey  of  Now  York,  1841,  p.  102. 

*  Geological  map  of  the  Middle  and  Western  States.    GeoLot  New  York.    Report  on  the  Fourth 
GooL  district,  Albany,  1643. 
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In  a  tabulation  of  the  Lower  Silurian  strata  of  the  Stnte  of  New  York« 
published  in  1842,  Prof.  T.  A.  Conrad  states  that  the  Cainbriau  system 
lias  proved  to  be  the  Lower  Siluriau,  and  he  places  the  Potsdam  sand- 
stono  at  the  base  of  the  latter  system,  beneath  the  Calcifcrous  sand- 

StOUt:.^ 

The  final  re]>ort  of  the  geology  of  the  second  geological  district  con- 
tains asummary  by  Dr.  Emmons  of  the  characters  of  the  Potsdam  saiul- 
stone  as  found  in  the  counties  of  Warren,  Essex,  Clinton,  Franklin,  St. 
Jiawrcnce,  and  Jelferson,  and  also  gives  detaila  of  the  formal  ion  as 
found  in  each  county.'  A  description  of  the  formation  in  detail  iunl 
also  a  general  descriptive  summary  of  the  formation  is  given  by  Mr. 
liftrdner  Vanuxem  as  it  occurs  in  his  district,^  and  Dr.  W.  W.  MatliiT 
describes  it  as  it  occurs  in  Washington  County  and  in  Saratoga  County.^ 
Prof.  James  Hall  describes  it  concisely  in  an  account  of  the  rocks  of 
l^ew  York  State.  In  its  geographic  distribution  the  rock  is  known  in 
Canada,  on  Lake  Superior,  and,  from  its  position,  it  is  probably  the 
same  that  appears  on  the  Mississippi  River  mentioned  by  Dr.  Owen  in 
the  report  on  the  lead  region  of  the  northwest.'  He  also  identifies  it 
with  No.l  of  the  Pennsylvania  survey,  or  a  sandstone  extending  through 
New  Jersey,  Pennsylvania,  and  Virginia.® 

In  the  account  of  his  travels  in  North  America  Sir  Charles  Lvell  de- 
scribes  the  Potsdam  sandstone  as  he  saw  it  at  Au  Sable  Chasm,  near 
Eeeseville,  Essex  County,  New  York.  He  speaks  of  it  as  a  siliceous 
sandstone: 

In  many  places,  this  most  ancient  of  tbe  fossiliferous  rocks  of  Now  York  (the  Pots- 
dam ssiudstone)  is  divided  into  lamiuie  by  the  remains  of  iuuumcrable  shells  of  thu 
genus  Lingiila,  They  are  in  such  profusion  as  to  form  black  seams  like  niica,  for 
which  they  were  afc  first  mistaken.  With  the  Liii|;nla  occurs  another  placunoid  shell 
allied  to,  if  not  identical,  accordin*;  to  Prof.  E.  Forbes,  with  a  fossil  which  occurs  in 
company  with  a  small  Lin<;ala  in  the  lowest  beds  of  the  English  Silurian  scric8~at 
Builthy  in  Brecknockshire.' 

A  general  account  of  the  Potsdam  sandstone  is  given  by  Dr.  E.  Em- 
mons in  the  Agriculture  of  New  York.  It  is  an  excellent  summary  of 
tbe  general  characters  of  tbe  formation.^ 

The  Potsdam  sandstone  of  Lewis  County  is  described  by  Mr.  F.  B. 
Hough  in  a  general  manner.  He  states  that  it  thins  out  to  an  unim- 
portant stratum  as  compared  with  tbe  formation  in  St.  Lawrence  County; 
also  that  the  superjacent  Calciferous  sandrock  is  represented  by  only  a 


*  Obserratioos  on  the  Silnrian  and  Devoniftn  syfiteras  of  tbe  Unitod  St«to8,  yriih  descriptions  of  now 
orfcanic  remains.    Pblla.  Acad.  Sci.  Jour.,  vol.  8, 1842,  pp.  229. 2.10. 

*  Geology  of  New  York,  part  2,  nocond  {geological  (northero)  diKtrict,  pp.  102-105, 177-1 79^  etc 

*  Geo!og7  of  New  York,  part  3,  third  geological  (central)  district*  Albany  1P42,  pp.  28)  29. 

*  Geology  of  New  York  ;  geology  of  tbe  first  (southeastern)  district.    Albany,  1843,  p.  418. 

'  Geology  of  New  York ;  geology  of  the  fonrth  (western)  geological  district.    Albany,  liMS,  p.  27 

*Op.cit.,p.28. 

'  Trarels  in  Nortli  America.    Now  York,  1845,  toL  2,  pp.  181, 183. 

*  AgricallnTO  ofNew  York, toL  1, 1846^  pp.  117, 118. 
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til  in  Ifljerof  the  fiicoidal  sandstone.^  lu  1850  he  called  attention  to 
cylindrical  masses  from  3  inches  to  15  and  20  feet  in  diameter  that  occur 
in  the  Potsdam  sandstone  near  Somerville,  St,  Lawrence  County.* 

The  description  and  accompanying  figure  recall  the  Cryptozoon  proli- 
ferum  describe<l  by  Prof.  Hall  from  the  Potsdam  formation  of  Saratoga 
County.  A  year  later  attention  was  again  called  by  Mr.  Hough  to  the 
cylindrical  masses.'  They  are  described  as  vertical  cylindci's  from  2 
inches  to  20  feet  and  upward  in  diameter,  and  show  a  concentric  struc- 
ture. Numerous  smaller  bodies,  not  larger  than  an  orange,  of  a  sphe. 
roidalstiucture  are  also  met  with  in  the  vicinity.  No  traces  of  organic 
life  were  observed  in  the  matrix.  It  is  evident  that  these  bodies  are 
unlike  the  Saratoga  Cryptozoon. 

A  more  extended  definition  of  the  Potsdam  sandstone  was  given  by 
Dr.  E.  Emmons  in  1856.  He  then  iuclnded  with  it  the  lower  sandstone 
of  the  upper  Mississippi  Valley,  and  No.  1  of  the  Pennsylvania  survey.* 

An  excellent  summary  of  the  existing  knowledge  of  the  Potsdam 
sandstone  was  given  by  Dr.  J.  J.  Bigsby  in  1858  in  a  paper  on  the  Pa- 
leozoic Basin  of  the  State  of  New  York.  A  description  is  given  of  the 
mineral  characters,  mode  of  transition,  stratigraphic  position,  mode  of 
occurrence,  thickness,  and  paleontologic  character.^ 

In  a  tabulation  of  the  succession  of  sedimentary  rocks  Prof.  Bichani 
Owen  states  that  the  Potsdam  sandstone  of  New  York  geologists  is  con- 
sidered by  some  English  writers  as  belonging  to  a  separate  system,  the 
Cambrian." 

The  presence  of  the  peculiar  cylindrical  masses  in  the  Potsdam  sand- 
stone mentioned  by  Mr.  Hough  is  also  noticed  by  Mr.  T.  G.  B.  Lloyd  in 
Jefierson  County,''  b.ut  without  any  attempt  to  explain  their  origin  or 
nature. 

In  a  note  on  the  geology  of  Port  Henry,  New  York,  Dr.  T.  S.  Hunt 
states  that  the  Potsdam  sandstone  and  the  basal  member  of  the  over- 
lying Paleozoic  series  is  well  seen  in  a  railway  cut  near  Port  Henry. 
The  lower  beds  are  massive  and  compact,  dark  bluish  or  iron  gray,  with 
lighter  bands  and  thin,  blackish,  shaly  layers.  The  only  fossils  observed 
were  Scolithus  linearis  and  8.  canadensis  of  the  Potsdam  of  the  Ottawa 
Basln.*^ 


I  ObservatioDS  on  the  geology  of  Lewie  Coanty,  New  York.  Am.  Jour.Soi.  and  Agric,  toL  5,  1847, 
p.  273. 

'  Catalogao  of  mineralogical  and  geological  epecimens  received  from  F.  6.  Hougb,  3d  Annual  Rep.  of 
KegtA.  Univ.  State  Cab.  Nat.  Hist,  1850,  pp.  32,  33. 

3 On  the  cylindrical  stmoture  observed  in  Potsdam  sandstone.  Am.  Assoc.  Froo.,  vol.4,  1851,  pp. 
352-354. 

*  American  Geology,  containing  a  full  statement  of  the  principles  of  Ihe  science,  with  fall  illustra- 
tions of  the  characteristic  American  fossils.    Albany,  1856,  vol.1,  pt.2,  pp.  128-132. 

*  On  the  Paleozoic  Basiu  of  the  State  of  New  York.  Part  I.  A  synoptical  view  of  the  niineralogioal 
and  fossil  characters  of  the  Paleosoic  strata  of  the  State  of  New  York.  Qaart.  Jour.  GeoL  Soo.,  Lon- 
don, vol.  14,  1858,  pp.  338, 339. 

'Preliminary  observations;  general  report  and  description  by  counties.    (Lower  and  Upper  Silu- 
rian).   Geological  reconnaissance  of  Indiana,  nia<le  in  1809-'G0.    Indianftpolis,  1862,  p.  14. 
'  Geological  notoH  from  the  State  of  Now  York.  Quart.  Joar.  Geol.  Soo.,  London,  vol.  32, 1870,  pp.  78, 79. 

*  The  geology  of  Port  Henry,  New  York.    Canadian  Nat.,  new  aer.,  voL  10, 1883,  p.  42L 
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A  sbort  notice  of  the  discovery  of  a  massive  limestone  superjacent  to 
the  typical  Potsdam  sandstone  containing  species  of  the  Potsdam  fanna 
equivalent  to  the  fauna  of  the  upper  horizon  of  the  lower  sandstone  of 
the  Mississippi  Valley  was  made  by  Mr.  C.  D.  Walcott  in  1884.  The 
limestone  was  originally  referred  to  the  Oalciferous  formation.^ 

Mention  is  made  of  the  contact  between  the  Potsdam  sandstone 
and  the  subjacent  preOambrian  rocks  in  the  vicinity  of  Fort  Ann, 
Washington  County,  New  York,  by  Mr.  C.  B.  Hall,* 

A  section  of  the  Potsdam  sandstone  with  the  superjacent  limestone, 
carrying  the  Upper  Cambrian  fauna  was  published  by  Mr.  C.  D.  Wal- 
cott in  1886  accompanied  by  a  list  of  the  fossils  found  and  a  comparison 
of  them  with  the  Wisconsin  fauna  referred  to  the  Potsdam  by  Prof. 
James  Hall.^ 

In  the  fifth  annual  report  of  the  State  geologist  of  New  York,  in 
some  field  notes  on  the  geology  of  the  Mohawk  Valley,  with  a  map, 
Messrs.  C.  E.  Beecher  and  C.  B.  Hall  describe  a  section  that  occurs  in  a 
cut  on  the  West  Shore  Kailroad  at  "Little  Nose,  Randall,  Montgomery 
County,  New  York,"*  In  the  woodcut  illustrating  the  section,  a  breccia 
that  occurs  unconformably  beneath  the  Calctferous  sandrock  is  st«')(e<l 
to  contain  Potsdam  sandstone,  crystalline  limestone,  qnartzite,  ct**. 
The  evidence  upon  which  the  fragments  of  sandstone  were  identified  as 
of  Potsdam  age  is  not  given. 

In  a  paper  on  a  great  Primordial  quartzite  Prof.  N.  H.  Winchell  re- 
publishes a  description  of  the  Potsdam  sandstone  by  Dr.  Bmmons  nnd 
correlates  the  formation  with  the  "granular  quartz"  of  the  western 
slope  of  the  Green  Mountains  and  the  pre-Cambrian  quartzites  of  Wis- 
consin and  Minnesota.  * 

In  a  paper  read  before  the  Geological  Society  of  America,  at  Wash- 
ington,D.C., December  31, 1890,  Messrs.  N.  S.  Shaler  and  H.  S.Williams 
described  the  presence  of  a  thin  bed  of  shale  beneath  the  Calciferous 
sandrock  and  just  above  a  thin  bed  of  sandstone  that  rests  unconform- 
ably upon  the  snbjacent  pre-Paleozoic  rocks.  The  locality  is  a  quarry 
at  Little  Falls.  In  the  shale  numerous  specimens  of  Lingulepis  acumi- 
nata were  found.' 

CANADIAN  EXTENSION. 

In  a  report  of  progress  of  the  geological  survey  of  Canada  for  1845~'46 
Sir  W.  B.  Logan  notes  the  presence  of  a  sandstone  in  the  Ottawa  dis- 
trict, but  is  doubtful  whether  it  re[)resents  the  Potsdam  sandstone,  as 


*  Potsdam  faaDa  at  Saratoga,  New  York.    Sclenco,  vol.  3, 1884,  pp.  136, 137. 

'Laarentian  Magnetic  iron  ore  deposits  from  nortliera  New  York,  accoiupanied  by  a  geological  map 
of  Essex  County.    Report  of  the  State  geologist  for  the  year  1884.    Al baoy ,  1 885,  p.  32. 

'Second  cootribatlon  to  the  studies  of  the  Cambrian  faunas  of  Norbb  America.  U.  S.  OeoL  Survey, 
Bull.  No.  30, 1880,  pp.  21, 22. 

*  Fifth  Ann.  Kept.  SUto  Geolo^^ist  of  N.  Y.,  for  1885.    Albany,  1886,  p.  10. 

*  A  Groat  Primordt4l  Quartsite.    Am.  GeoL,  toL  1, 1888,  pp.  17a-178. 
*l7jipabUsl)e^ 
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it  Diay  be  in  the  lower  beds  of  the  Calciferous.*  lu  a  later  report  he 
noteil  the  preseuce  of  the  Potsdam  sandstoae  on  the  north  shore  of  the 
St.  Lawrence  at  Murray's  Bay,  90  miles  below  Montreal,  describing:  it 
as  a  formation  cont;isting  of  white,  translacent,  slaty  qnartz-rock  hav- 
ing an  exposed  tuickuess  of  45  feet  and  conformably  subjacent  to  the 
Calciferous  sandrock.' 

A  brief  summary  of  the  litholof^ic  and  paleontologic  characters  of  the 
Totsdam  sandstones  in  Canada  was  read  by  Dr.  T.  S.  Jbiuut  before  the 
American  Association  for  the  Advancement  of  Science  in  1851.' 

In  an  extendeil  paper  on  the  foot-prints  occurring  m  the  Potsdam 
sandstone  of  Canada,  Sir  W.  E.  Logan  describes  the  Potsdam  sandstone 
as  it  occura  in  Canada  in  the  St.  Lawrence  Valley.    He  states  that — 

The  Aanilstone  in  Benaharnois  Coituty  aud  the  neighboring  part  of  the  State  of 
New  York  is  from  300  to  700  feet  thick.  Jn  the  lower  part  it  contains  many  beds  of 
cougloinerate,  with  quartz  pebbles,  and  it  has  some  red  layers;  but  towards  the  top 
it  becomes  a  fine-grained,  hard,  white  sandstone,  aud  at  the  summit  it  is  interstrati- 
iied  with  calcareous  layers,  forming  a  passage  to  the  rock  which  overlies  it.^ 

The  description  of  the  extention  of  the  Pot-sdam  sandstone  between 
the  liiver  of  the  North  and  Beauharnois  was  continued  by  Sir  W.  E. 
Logan  in  the  report  for  185l-'52.'  In  the  same  volume  Dr.  Alexander 
Murray  describes  tbe  sandstone  along  the  shores  of  the  St.  Lawrence 
in  the  vicinity  of  Brockville,  and  also  in  the  outcrops  exposed  between 
the  rivers  Ottawa  and  St.  Lawrence.^ 

This  was  followed  in  1854  by  the  account  of  Dr.  Murray's  exploration 
between  Kingston  and  Lake  Simcoe.  In  this  region  the  Potsdam  is 
not  largely  develoi)ed,  the  greatest  thickness  of  it  observed  in  any  one 
place  being  certainly  not  over  40  or  50  feet,  while  west  of  Knowltou 
Lake,  in  Loughborough,  it  appears  gradually  to  decrease  in  thickness, 
and  eventually  to  die  out  altogether.*' 

In  the  summary  of  the  work  of  the  Geological  Survey  of  Canada  from 
its  commencement  to  18G3,  there  is  given  a  very  complete  description 
of  the  stratigrapliic,  lithologic,  and  paleontologic  characters  of  the  Pots- 
dam sandstone  as  known  in  Caua^la.^  Since  that  time  very  little  has 
been  published  upon  the  formation. 

*Ii«port  on  Hcquvnce  and  distribution  of  tlio  formations  (on  the  Ottawa).  Geol.  Sonr.  Canada: 
Itoport  of  pro'H't.'f'H  for  1845-'46,  Montreal,  1847,  p.  51. 

'  Report  on  ISiiy  St.  Paul  and  Murray  Bay.  Geol.  Surv.  Canada:  Beport  of  progress  for  18l8-'49. 
Toronto.  1850,  pp.  10,  U. 

*  Beniaiks  on  the  litholoi^ical  and  paleoutological  characters  of  the  Potsdam  sandstone.  Am.  Assoc, 
rroo.,  vol.  6, 1852.  pp.  271-273. 

^On  the  footprints  accnrrlog  in  the  Potsdam  sandstone  of  Canada.  Qnart  Jour.  GeoLSoo.,  Lond., 
vol.  8, 1852.  p.  200. 

*  Report  I  on  country  between  Rividre  da  Nord  and  Beauharnois]  GeoL  Surv.  Canada,  18Kl-*52.  1852. 
pp.  8-1  i. 

*  Report  (of  country  lying  between  riyers  Ottawa  and  St. Lawrence]  Geol.  Survey  of  Canada  for 
]8JL-'52.    1802,  pp.  64-67. 

'[Exploration  between  Kingston  and  Lake  Simcoe.]  Geol.  Surv.  Canada:  Report  of  progress  flvr 
ia">2-'53,  1854,p.  10». 

*  Geological  Survey  of  Canada :  Beport  of  progress  from  its  commencement  to  1883.  Montreal,  1863, 
pp.  87-103. 
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WESTERN  BORDER  OR  R0CK7  MOUNTAIN  SUBPROYINCE. 

This  subprovioce  includes  central  Colorado,  central  and  northern 
Wyoming,  South  Dakota  and  southern  central  Montana. 

COLORADO. 

The  probable  presence  of  the  equivalent  of  the  Potsdam  sandstone 
of  the  Mississippi  Valley  in  the  Colorado  rauge  was  noticed  by  Dr.  F. 
V.  Hayden  in  1874.    He  says : 

The  lowest  beds  of  sedimoatary  rooks  are  rather  ooarse  sandstones,  and  conglom- 
erate made  np  of  water- worn  qaartz  pobbleSf  with  very  irregnlar  laminse  of  deposi- 
tion, the  whole  reminding  one  of  the  Potsdam  gronp.  *  *  *  There  is  considerable 
Tarietj  in  the  aggregate  of  beds  here,  which  may  be  regarded  as  Silurian,  and  we  may 
conolnde  that  the  Potsdam  gronp  is  quite  well  represented,  and  that  it  is  possible 
that  some  of  the  higher  divisions  occur.  These  rocks  require  a  still  more  careful 
study,  yet  it  is  an  interesting  fact  to  know  of  their  existence  in  this  locality.  In 
the  lower  sandstones  I  fonnd  a  species  of  Licigula,  the  present  season,  probably  a 
Potsdam  form.* 

These  observations  were  made  along  William's  Cafion,  2  or  3  miles 
above  Colorado  Springs.  Of  the  probable  presence  of  the  "Potsdam" 
in  the  South  Park,  on  the  north  slope  of  Mount  Lincoln,  and  on  all  of 
the  snrrounding  high  mountains  he  does  not  appear  to  have  any  doubt 
He  says: 

Before  going  further  I  will  state  what  I  belicTe  to  be  the  age  of  all  the  lime- 
stone*  and  qnartzites  which  seem  to  cover  the  highest  mountains,  and  in  which 
most  of  the  valuable  mines  are  found.  I  think  there  is  no  doubt  that  they  belong 
to  the  Potsdam  group,  though  I  was  unable  to  discover  any  fossils.'  Dr.  Peale  found 
a  few  obscure  forms  which  indicated  that  the  group  is  of  the  same  age  as  those  next 
to  the  granites  in  Utah,  which  we  now  know  are  of  that  age.* 

While  studying  the  geology  from  Denver  to  Colorado  Springs,  Df. 
A,  C.  Peale  examined  and  measured  a  number  of  sections  passing  from 
various  horizons  in  the  superjacent  rocks  to  the  Archean.  In  one,  ex- 
tending from  Glen  Eyrie  eastward  to  Camp  Creek,  there  are  40  feet  of 
coarse  sandstone  of  a  grayish  white,  dark  green,  gray  and  brick  red. 
color.  This  series  rests  upon  the  granite ;  is  beneath  limestones  re- 
ferred to  the  Quebec  group,  and  is  considered  to  represent  the  Potsdam 
group.^ 

On  Trout  Creek,  in  Bergen  Park,  93  feet  of  sandstone  is  referred  to 
the  Potsdam.^  In  a  reddish  sandstone  superjacent  to  the  ^'  Potsdam  ^ 
a  number  of  fossils  were  found  that  were  Preferred  to  the  Quebec  group. 
As  now  known  this  fauna  is  of  Lower  Silurian  (Ordovician)  age,  cor- 
responding to  the  Calciferous  zone  of  the  New  York  section.  Another 
section  was  measured  on  one  of  the  eastern  tributaries  of  Trout  Creek, 

« 

^  Report  of  F.  V.  Hayden,  U.  S.  Geologist.    IT.  S.  GeoL  Sarv.  of  ttie  Terr.,  7th  Ann.  Kep.,  1874,  p.  36. 
*0p.  cit.,p.41. 

■Beport  of  A.  C.  Peale,  M.  D.,  geologist  of  the  South  Park  Diyision.    U.  S.  GeoL  Surv.  of  the  Terr., 
Tth  Ann.  Sep.,  1874,  p.  202. 
10p.cit.p.  208. 
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in  which  67  feot  of  sandstone  oe^ur  resting  upon  the  granite.    Of  these 
sections  Dr.  Peale  says : 

A  co:npari8oii  of  tho  sections  given  above  shows  that  the  Potsdam  gionp  is  repre- 
sented by  saniUtones  having  a  thickness  of  from  60  to  80  feet,  while  the  beds  that 
represent  the  Quebec  group  are  a  little  over  100  feet  thiok.^ 

Ileferonces  to  the  sandstone  supposed  to  be  Potsdam  are  also  fonnd 
^  on  pages  226,  236,  242,  and  255. 

During  the  flchl  season  of  1874  Dr.  A.  0.  Peale  found  on  Eagle  River 
a  series  of  beds  resting  on  the  gneiss  and  schist.  From  their  position 
and  lithologic  relations  to  corresponding  beds  seen  in  the  Colorado 
Kange  in  1873  the  lower  layers  are  referred  to  the  Potsdam  group.  It 
is  represented  by  a  bed  of  white  quartzite.* 

A  reference  to  the  probable  occurrence  of  the  Potsdam  horizon  upon 
the  eastern  side  of  the  Colorado  Kange  is  made  by  Mr.  Atnold  Hague, 
in  his  general  description  of  the  geology  of  the  range.  From  the  fact 
that  a  sandstone  occurs  in  the  Black  Hills,  and  contains  fossils  of  a 
Primordial  type,  he  thinks  the  sandstone  occupying  a  similar  strati- 
graphic  position  in  the  Colorado  Eange  will  be  fonnd  to  contain  the 
same  fauna.^ 

Un  the  geological  map  of  Colorado,  published  by  Dr.  Hayden  in  1877, 
the  quartzite  and  the  limestone  referred  to  the  Potsdam  series  are  in- 
cluded with  the  Silurian,  and  their  geographic  distribution  is  merged 
with  the  latter  on  the  map. 

In  his  synopsis  of  tho-  geological  formations  found  in  Colorado  Dr.  F. 
M.  Endlich  tabulates  the  localities  and  formation  of  the  **  Potsdam 
group."* 

When  describing  the  Paleozoic  rocks  of  the  Mosquito  Eange  in  cen- 
tral Colorado,  Mr.  S.  F.  Emmons  states  that  the  Cambrian  is  represented 
by  quartzites  passing  gradually  upward  into  calcareous  shales,  with 
limestones  of  probably  Silurian  age  above,  the  aggregate  thickness  of 
the  two  being  about  400  feet.^  In  the  tabulation  of  the  Mosquito  sec- 
tion the  Cambrian  white  qnartzite  is  given  a  thickness  of  from  150  to 
200  feet  before  passing  into  calcareous  and  argillaceous  shales  above.® 
The  only  fossil  remains  found  in  this  series  occur  in  a  bed  of  greenish 
chloritic  slates  on  the  east  flank  of  Quandary  Peak,  about  a  mile  above 
the  Monte  Cristo  mine.  They  belong  to  the  genus  Dikelocephalus  and 
resemble  closely  Dikelocephalus  inmnesotensis  of  the  Potsdam  forma- 
tion. From  analogy  with  other  sections  Mr.  Emmons  thinks  it  safe  to 
assume  that  the  fossiliferous  shales  occur  above  the  main  body  of 
quartzite  and  near  the  base  of  the  transition  series.'' 


*  op.  cit»  p.  209. 

*  Report  on  Middle  Division.  (Stratigraphy-Paleosoic  formations).  IT.  S.  Geol.  and  Geog.  Sarvey  of 
tlie  Terr.,  Ann.  Rep.  for  1874, 1876,  pp.  110,  111. 

s  Hagne,  Arnold,  and  S.  F.  Emmons.  Descriptive  geology  U.  S.  Geol.  Ezpl.  of  the  Fortieth  Par. ; 
CIarenc«  King,  vol.  2,  1877,  p.  29. 

«  Report  of  F.  M.  Endlich,  geologist  of  the  White  River  Division.  17.  S.  Geol.  Surv.  of  the  Terr., 
10th  Ann.  Rep.,  1878,  p.  130. 

'Geolocy  and  mining  industry  of  Leadville,  Colorado.    Hon.  U.  S.  Geol.  Sarvey,  vol.  12, 1886,  p.  58. 

*  Op.  cit ,  p.  57.  '  Op.  cit,  p.  60. 
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WYDMING. 

As  geologist  to  Capt.  Reynold's  expedition  to  the  headwaters  of  the 
Missoari  and  Yellowstone  Rivers,  Dr.  F.  V.  Hayden  identified,  in  1861, 
thefossiliferoas  ^'  Potsdam  "  sandstone  of  the  Black  Hills,  and  consid- 
ered a  sandstone  holding  the  same  relative  position  and  exhibiting  tbe 
same  lithologic  characters  on  the  slopes  of  the  Big  Horn  Eange  as  the 
same  formation.  It  is  farther  stated  that  ^'  a  few  thin  layers  of  fine 
calcareoas  sandstone  were  observed  filled  with  fossils  characteristic  of 
this  period."^ 

From  the  Big  Horn  Range  he  crossed  to  the  Laramie  Bange.  At  the 
head  of  the  La  Bont6  Greek  he  noticed  abed  resting  discordantly  npon 
Azoic  slates  50  to  100  feet  ia  thickness,  holding  the  same  position  and 
possessing  the  same  lithologic  characters  it  reveals  at  other  localities. 

I  conld  discover  no  fossils  in  it  at  this  point,  bat  lam  confident  that  this  bed  rep- 
resents the  Potsdam  sandstone.  This  rook  (the  Potsdam)  is  more  or  less  changed  by 
heat  from  beneath,  but  I  was  able  to  trace  it  continuously  from  the  source  of  the 
Chugwater  Creek  to  the  source  of  Cache  la  Poudre,  a  distance  of  over  100  miles.  It 
was  also  seen  along  the  eastern  slope  of  the  Wind  River  Mountains,  but  did  not  con- 
tain any  organio.  remains.' 

A  more  extended  account  of  the  character  of  the  Primordial  sand- 
stone of  the  Kocky  Mountains  was  published  by  Dr.  Hayden  in  1862.3 
It  is  accompanied  by  a  description  of  the  species  of  fossils  found  in  the 
Black  Hills  and  the  Big  Horn  Mountains  and  further  reference  to  it 
will  be  found  in  the  account  of  the  Cambrian  rocks  of  Wyoming. 

All  of  the  essential  part  of  Dr.  Hayden's  article  of  1861  was  reprinted 
in  an  article  on  the  Geology  and  Natural  History  of  the  Upper  Mis- 
souri, which  appeared  in  1863.^  This  essay  is,  as  stated  by  the  author, 
the  substance  of  a  geological  report  made  by  him  to  Capt.  Baynolds  on 
the  exploration  of  the  Yellowstone  and  Missouri  Elvers.  The  latter 
report  was  issued  in  1869,  accompanied  by  a  large  map,  dated  1859-'60, 
upon  which  the  geographic  distribution  of  the  formations  identified  by 
Dr.  Hayden  are  delineated.  Within  the  present  area  of  Wyoming  a 
narrow  belt  of  the  '^  Potsdam  "  sandstone  is  represented  as  entirely  sur- 
rounding the  Big  Horn  Mountains,  and  as  forming  a  continuous  band 
with  that  along  the  eastern  side  of  the  Wind  River  Bange  and  an  in- 
terrupted belt  on  the  western  side  of  the  latter  range.  The  two  moun- 
tains now  known  as  the  Wyoming  Mountains  also  had  a  narrow  band 
of  "  Potsdam  ^  sandstone  about  them.  To  the  north  this^band  is  repre- 
sented as  continuing  westward  across  the  Big  Horn  Eiver,  then  north 
on  the  western  side  of  the  Yellowstone  Lake  region  as  far  north  as  Bea- 
ver Eiver,  where  it  is  interrupted.    Several  mountains  directly  north 

1  Sketch  of  the  geology  of  the  coaotry  about  the  headwaters  of  the  Missouri  and  Yellowstone  Rivers 
Ab.  Joar.  SeL,  2d  ser.,  voL  31, 1861,  p.  234.  « 

>Op.cit,p.234. 

'The  Primordial  Sandstone  of  the  Rocky  Mountains  in  the  Northwestern  Territories  of  the  United 
States.    Am.  Jour. Sci. 2d  ser.,  yol. 33, 18(>2,  pp.  C8-79.    Canadian  Jour., new  sen,  vol.7, 1802, pp.  149-151. 

*0t\  the  Geology  and  Natural  History  ol  the  Upper  Missouri.  Am.  Philos.  Soc.  Trans.,  vol.  12,  uiw 
Mr.,lM3,  pp.  1-218. 


212  THE   CAMBBUN.  Ibull.«L 

of  the  Yellowstone  Lake  region  are  represented  as  sarrounded  by  the 
same  formation.^ 

At  the  South  Pass  of  the  Wind  Biver  Mountains  Dr.  Uayden  found 
the  granites  occupying  a  very  restricted  area  and  extending  from  them 
a  large  thickness  of  ^^  Potsdam"  sandstone  containing  Obolellanana 
and  a  Liuguln.^ 

Prof.  F.  H.  Bradley  in  1873  identified  the  "Quebec  group"  by  the 
presence  of  Oonocoryphe  and  Dikelocephalus  in  limestones  upon  the 
flanks  of  the  Teton  range  of  mountains.  At  one  of  the  outcrops  of 
these  limestones  "  they  are  immediately  underlaid  by  about  300  feet  of 
partly  compact,  partly  shaly,  glauconitic  sandstones,  which  are  evi- 
dently equivalent  to  the  so  called  Knox  sandstones  of  Safibrd,  which 
form  in  Tennessee,  the  lower  part  of  the  Quebec  group.  No  fossils 
were  seen  in  these  beds.  They  are  apparently  nneqnally  distributed, 
since  no  corresponding  beds  appear  along  the  canon  of  West  Tetou 
Creek.  Beneath  them,  and  often  present  when  they  are  absent,  we 
generally  find  from  50  to  75  feet  of  a  very  compact  ferruginous  quartz- 
ite  which  must  represent  the  Potsdam,  though  this  also,  is  sometimes 
wanting."  ^  In  a  diagram  of  a  section  extending  from  Henry's  Fork 
through  the  Teton  Mountains  the  so-called  Quebec  group  and  Potsdam 
quartzite  are  represented  on  each  side  of  the  range,  the  quartzite  rest- 
ing, directly  on  the  granite.* 

The  preliminary  paleontological  report  of  Mr.  F.  B.  Meek  refers  the 
beds  containing  fragments  of  Gonocoryphe  and  Dikelocephalus,  fonnd 
on  the  west  base  of  Big  Horn  Mountains  by  the  Hayden  survey  in  1872, 
to  the  Potsdam  or  Primordial  zone. ' 

In  speaking  of  the  Paleozoic  rocks  of  the  Laramie  Hills,  Mr.  Arnold 
Hague  states  that  all  paleontologic  evidence  obtained  from  these  beda 
would  tend  to  show  that  they  belong  to  the  Coal  Measure  limestone.^ 

The  strata  along  the  eastern  slope  of  the  Wind  Biver  Mountsiins  re- 
ferred to  the  Potsdam  by  Dr.Hayden  were  studied  by  Prof.  T.  B.  Corn- 
stock  while  geologist  of  Gapt.  W.  A.  Jones's  expedition  to  northwestern 
Wyoming.  He  found  the  sandstone  closely  resembled  that  described 
by  Prof.  J.  D.  Whitney  in  Wisconsin.  The  local  peculiarities  of  this 
sandstone  and  its  associated  rocks  as  described  in  the  Mississippi  Val- 
ley and  New  York  are  strikingly  repeated  in  the  Rocky  Mountain 
region.    The  greatest  thickness  of  the  sandstone  in  the  region  of  the 


1  G«oln|i^cal  report  of  the  Explontion  of  the  YellowBtone  and  1lfi«eoari  Rivers.  Under  the  direction 
of  Gapt.  W.  F.  Kajnolds,  18S»-'60,  WMhin^ton,  188B,  p.  144,  map.  • 

>  Report  of  F.  V.  Hayden  (on  the  geological  survey  of  Wyoming.)  IT.  S.  Gtsol.  Sorr.  of  the  Terr., 
4th  An^.  Rep.,  1871,  p.  33. 

*  Report  of  Frank  H.  Bradley,  geologist  of  the  Snake  River  division.  U.  S.  GeoL  Sorr.  of  the  Terr., 
6th  Ann.  Rep..  1873,  p.  21C. 

«Op.  cit,  p.218. 

•Preliminary  piQeontologicAl  report  .  .  .  with  remarks  on  the  ages  of  the  rocks,  etc.  U.  S.  GeoL 
Survey  of  the  Territories,  embracing  portiona  of  Montana,  Idaho,  Wyoming. and  Htah ;  6th  Ann.  Rep. 
1873,  p.  431. 

•DescriptiTO  goolosj.  V.  S.  GooL  SxpLof  the  Fortieth  Par.;  Ctaranoo  King, vol.  2,  p.  76l  Waahinf  • 
ten,  1677. 
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^Wind  River  Monntains  is  abont  200  feet.  All  the  beds  bear  evidence 
of  deposition  in  shallow  seas  or  upon  beaches  or  sand  flats.  ^ 

Under  the  head  of  Quebec  groap,  Prof.  Comstock  describes  some 
calciferoas  layers  and  dolomitic  limestones  that  are  conformably  super- 
jacent to  the  sandstone.  In  them  he  found  a  species  of  Theca  ?,  a  tri- 
lobite  of  the  genus  Dikeiocephalus  and  Orthis  iritonial  Fragments  of 
other  fossils  too  imperfectly  preserved  for  identification  were  fonnd.^ 

If  the  identifications  by  Prof.  Gomstock  of  the  species  found  in  the 
limestone  are  correct,  that  portion  of  the  limestone  containing  them 
must  be  referred  to  the  Upper  Cambrian  zone.  On  the  map  accom- 
pfVnying  the  report  the  '^Potsdam"  formation  is  represented  along  the 
entire  eastern  margin  of  the  Wind  River  Monntains  and  along  the  west- 
ern central  portion  of  the  range.  A  narrow  belt  of  it  surrounds  Greek 
Mountain  in  the  northeast  of  the  Snake  Indian  Reservation,  and  the 
Wyoming  Mountains  to  the  northwest  of  the  Wind  River  Range. 

The  southern  portion  of  the  Sweetwater  district  in  the  Wind  River 
Bange  was  visited  by  Dr.  F.  M.  Endlich  in  1877.  He  found  a  Lingula, 
probably  Lingula  primaj  and  estimated  the  thickness  of  the  entire  series 
as  varying  between  180  and  320  feet.^  He  refers  to  the  Galciferous 
Sn^oup  a  thin  series  of  sharply  bedded  strata  composed  of  blue  lime- 
stones  and  blue  and  yellow  dolomite  and  locally  of  oolitic  dolomite, 
altogether  having  a  thickness  of  about  250  feet.^  These  strata  are  cor- 
related with  those  containing  Dikeiocephalus,  etc.,  discovered  by  Prof. 
Comstock  in  1874. 

The  Teton  Mountain  district  was  studied  by  Prof  Orestes  St.  John 
in  1877,  and  in  his  report  he  refers  to  the  work  of  Prof.  Bradley  in  1872. 
Very  little  is  added  to  the  information  given  by  Prof.  Bradley  of  the 
lower  quartzite  series,  but  an  important  advance  is  made  in  the  classifi- 
cation of  the  rocks  of  the  district  by  the  division  of  Prof.  Bradley's 
Quebec  group  into  the  Upper  and  Lower  Quebec  limestone.  The  Lower 
Quebec  limestone,  carrying  Gonocoryphe  and  Dikeiocephalus,  is  de- 
scribed in  detail  and  separated  from  the  upper  limestone  carrying 
Baphistoma,  etc.^ 

The  line  of  separation  of  these  two  limestones  is  the  line  between  the 
Cambrian  and  Silurian  (Ordovician)  Systems,  and  reference  will  be  made 
to  it  under  the  description  of  the  Gambrian  rocks  of  Wyoming. 

Prof.  St.  John  also  studied  the  Buffalo  Fork  Mountain,  east  of  the 
Teton  Range,  and  found  there  the  same  succession  of  beds  as  in  the 
Teton  section.  Numerous  fossils  were  collected  from  the  limestone  over- 
lying the  quartzite." 

lOeoIosical  report.    Report  apon  the  reconnaissance  of  northwestern  Wyoming,  made  in  the  som- 
nier  of  1873,  by  William  A.  Jones.    1874,  pp.  107. 108. 

*  Op.  cit.,  p.  110. 

*  Report  on  the  geology  of  the  Sweetwater  district.    IT.  3.  Geol.  Sarr.  of  the  Terr.,  11th  Ann.  Rep., 
1879,  p.  71. 

«  Op.  cit..  p.  72. 

*  R<-port  of  the  geological  field-work  of  the  Teton  Dirisioa.    V,  S.  QeoL  Sary.  of  the  Terr,,  11th  Ann. 
Hep,  1870,  pp.  481-488. 

•Op.oik,f>400b 
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In  his  report  on  the  geology  of  the  Wind  River  district,  made  in  1883, 
Prof.  St.  John  describes  the  geology  of  the  Gros  Ventre  Range,  accom- 
panying it  with  two  plates  of  sections  across  the  range  at  various 
points.^  On  the  map  accompanying  the  volnme  the  geographic  distri- 
bution of  the  strata  referred  to  the  Silurian  is  delineated.  He  also 
describes  the  out-crops  of  the  strata  on  the  northwestern  and  north- 
eastern sides  of  the  Wind  Biver  Range,  that  he  refers  to  the  Silurian.^ 
Reference  to  Prof.  St.  John's  sections  will  be  made  in  describing  the 
Cambrian  rooks  of  the  Wind  River  and  Gros  Ventre  Ranges. 

On  the  map  accompanying  the  twelfth  annual  report  of  the  Hayden 
survey,  issued  in  18S3,  the  geographic  distribution  of  the  strata  referred 
to  the  Silurian  in  the  Sweetwater  Range,  the  Wind  River  Range,  the 
Gros  Ventre  Range,  and  the  Teton  Range  is  shown.  The  Silurian  in- 
cludes the  quartzite  referred  to  the  Potsdam,  the  Cambrian  limestone 
referred  to  the  Lower  Quebec  by  Prof.  St.  John,  and  the  Oalciferoas 
referred  by  him  to  the  Upper  Quebec.  This  map  was  compiled  from  the 
work  of  Messrs.  Peale,  St.  John,  and  Endlich.  There  is  also  a  special 
map  showing  the  district  reported  on  by  Prof.  St.  John  in  1883. 

DAKOTA. 

The  presence  of  evenly  bedded  sandstones  about  the  Black  Hills  was 
noted  as  early  as  1S22  by  Dr.  Edwin  James,  who  represented  them 
upon  a  diagrammatic  section,  exteuding  from  the  Alleghany  to  the 
Rocky  Mountains.  He  undoubtedly  confused  the  sandstones  of  the 
Trias  with  those  of  the  Cambrian ;  but  it  is  one  of  the  earliest  recorded 
illustrations  of  the  mode  of  occurrence  of  the  sandstone  in  this  region. 
Tbat  he  did  not  penetrate  to  the  interior  portion  of  the  hills  is  evident, 
as  bis  section  represents  the  sandstone  extending  in  level  horizontal 
layers  entirely  across  the  area  occupied  by  them.^ 

In  1856  Mr.  H.  Engelmann  published  a  description  of  the  rocks  of  the 
Black  Hills.  The  strata  next  to  the  grauitic  nucleus  are  described  a« 
^<  more  or  less  altered  sandstones  and  limestones,  dipping  in  various 
directions  and  degrees.  Most  of  the  sandstones  are  fine  grained,  light 
yellowish  red,  and  do  look  much  like  metaiuor[>hic,  but  some  show  the 
transition  into  a  siliceous  rock."^  Not  far  from  camp  56  he  found  a 
friable  sandstone  made  up  of  coarse  square  grains  of  granite,  appar- 
ently deposited  after  the  formation  of  the  igueous  rocks.  Near  camp 
58  the  sandstone  is  light  yellowish  red  and  tine  grained.  There  is  also 
a  gray  variety,  above  which  is  a  layer  of  a  dark  red  sandstone,  coarse 
grained,  soft,  and  highly  micaceous.^  This  is  the  sandstone  in  which 
Dr.  Hayden  subsequently  found  the  Upper  Cambrian  fauna. 

■  Keport  on  the  geology  of  the  Wind  Kiver  district    U.  S.  Geol.  Sarv.  of  the  Terr.,  12th  Annual 
llopoit,  1883,  p.  208. 
»0p.  cit.,  pp.  251-263. 
»  Geological  sketches  of  the  Mississippi  Vnlloy.    Phil.  Acad.  Sci.,  Jonr.,  vol.  2,  pt.  2, 1822,  pp.  32ft-329. 

*  Report  of  a  geoloj^ical  exploration  from  Fort  Leavenworth  to  Bryan's  Pass,  made  in  connection  with 
the  survey  for  a  road  from  Fort  Riley  to  Bridger'a  Pass,  under  Bryan.  Bopt.  Seo.  of  War,  Appendix  H, 
]8RC.  p.50a 

*  Op.  cit,  p.  510. 
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In  notes  explaining  the  second  edition  of  a  geological  map  of  Ife- 
braska  and  Kansas  in  1858  Dr.  F.  V.  Hayden^  states  that  the  existence 
of  the  Potsdam  sandstone  on  the  eastern  slope  of  the  Rocky  Mountains 
was  discovered  during  Lieut.  O.  K.  Warren^s  expedition  to  the  Black 
Hills  in  the  snmmer  of  1857. 

In  March,  1858,  Messrs.  Meek  and  Hayden  presented  a  paper  to  the 
Academy  of  Natural  Sciences,  Philadelphia,  containing  ^'  some  remarks 
on  the  geology  of  the  Black  Hills  and  portions  of  the  surrouudiog  coun- 
try." In  this  a  section  of  the  formations  is  given,  in  which  the  ''  Pots- 
dam" sandstoue  is  given  a  thickness  of  30  to  50  feet  and  is  said  to  cju- 
tain  Liugula,  Obolus  ?,  and  fragments  of  triiobites.'  The  sandstone  is 
described  as  of  a  reddish  and  grayish  color,  composed  of  angular  grains 
of  quartz,  cemented  by  siliceous  and  sometimes  small  portions  of  calca- 
reous matter.  The  fossils  then  identified  were  Lingula  antiqua  Hall,  great 
numbers  of  a  small  shell  similar  to  L,  prima  Conrad  and  fragments  of 
trilobites.^  The  information  contained  in  this  first  paper  by  Messrs.  Meek 
and  Hayden  was  also  published  in  the  American  Journal  of  Science,^  the 
Canadian  Naturalist  (vol.  3, 1858,  pp.  182-193),  the  report  of  the  Chief 
of  Engineers  to  the  Secretary  of  War,  1858,^  the  American  Journal  of 
Science  (vol.  25,  2d  ser.,  p.  439, 1858),  the  Proceedings  of  Philadelphia 
Academy  of  Science  (vol.  10,  p.  139, 1859),  and  in  a  reprint  of  the  Pre- 
liminary Report  of  the  Exploration  of  2Tebraska  and  Dakota,  ii^sued  in 
1875,  which  is  the  official  account  of  Lieut.  6.  K.  Warren's  exploration 
transmitted  to  the  Chief  of  Engineers. 

In  a  paper  on  the  Primordial  sandstone  of  the  Rocky  Mountains  and 
Northwestern  Territories  of  the  United  States  Dr.  Hayden  describes 
the  salidstoue  he  referred  to  the  Potsdam  in  the  Black  Hills  in  con- 
siderable detail,  as  follows :® 

3.  Variegated  aandstone,  of  gray  and  ferrnginous  red  color,  composed  chiefly 

of  grains  of  qnartz  and  particles  of  mica,  cemenled  with  calcareous  matter. 
Some  portions  of  the  bed  are  very  hard,  compact,  siliceous;  others  a  coarse 
friable  grit,  others  a  oouglomerate.  Fossils :  Lingula  primal  L,  antiqua^  Oho- 
lella  nana,  and  fragments  of  a  trilobite,  Arionellusf  oiveni.    .     .    50  to  80  f. 

4.  Stratified  azoic  rocks  standing  in  a  vertical  position  for  the  most  part. 

The  '^ Potsdam"  sandstone  is  again  described  by  Dr.  Hayden  in 
1863,''  and  in  the  following  year  he  published,  in  connection  with  Mr. 

*  Explorations  under  the  War  Department ;  expIanaUons  of  a  second  edition  of  a  geological  map  of 
Nebraaka  and  Kansas,  based  upon  information  obtained  in  an  expedition  to  the  Black  Hills  under 
command  of  Lient.  O.  K.  Warren.    Am.  Jour.  Sci..  2d  ser.,  vol  26, 1858,  pp.  276-278. 

'  [$tome  remarks  on  the  geology  of  the  Black  Hills  and  portions  of  the  surrounding  conntry.]    Phil 
Acad.  Sci.,  Proc.,  yol.  10, 1859,  p.  44. 
>0p.  cit.p.4QL 

*  Explorations  under  the  War  Department ;  explanations  of  a  second  edition  of  a  geological  map  of 
Nebraska  and  Kansas,  based  upon  Information  obtained  in  an  expedition  to  the  Black  Hills  under 
command  of  Lieut  G.  El.  Warren,  Top.  Eogr.,  U.  S.  A.    Am.  Jour.  Sci.,  2d  ser.,  vol.  20,  1858,  p.  270. 

^Catalogue  of  the  collections  in  geology  and  natural  iiistory  obtained  by  the  expedition  under  com- 
mand of  Lieut.  O.  E.  Warren.  Appendix  to  Bept.  Sec.  of  War  In  Kept,  of  Topog.  Eng.  for  1858.  (Re- 
prin t  edition  of  1876,  pp.  50-125.    Map. ) 

*The  Primordial  sandstone  of  the  Rocky  Mountains  in  the  Northwestern  Territories  of  the  United 
states.    Am.  J  our.  Sci. ,  2d  ser.,  vol.  i>3, 1 802,  p.  70. 

*0n  the  geology  and  natural  history  of  the  Upper  Mistonri.  Am.  PhiL  Soc  Trans.,  vqL  12,  new 
■er.,  1883,  pp.  86-88. 
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Meek,  the  description  of  the  fossils  he  foand  in  the  Black  Hills 

the  expedition  of  1858.    They  are  Idngulepis  pinnafarmiSy  L,  pfima^ . 

Obolella  nana^  and  Agraulos  sp.^ 

A  general  description  of  the  sandstone  of  the  Black  Hills  is  giren  by 
Prof.  N.  H.  Winchell  in  his  report  to  Oapt.  William  Lndlow,  and  the 
geographic  distribution  of  the  outcrop  in  the  southern  portion  of  the 
Black  Hills  is  shown  on  the  accompanying  map.'  In  the  same  report 
Prof.  li.  P.  Whitfield^  describes  Obolua  peetenaideSj  a  new  species  of 
brachiopod,  and  also  figures  Lingnlepis  pinnaformis. 

The  report  of  Mr.  Henry  Newton  on  the  geology  of  the  Black  Hills 
contains  a  detailed  description  and  full  discussion  of  the  strata  referred 
to  the  Potsdam  sandstone.  This  will  be  again  referred  to  in  the  sum- 
mary of  our  knowledge  of  the  Cambrian  rocks  of  the  Black  Hills.^  From 
the  paleontologic  portion  of  the  report  we  learn  that  the  entire  fauna 
of  the  Black  Hills  below  the  Carboniferous  is  Primordial,  and  Prof.  B. 
P.  Whitfield  states  it  closely  resembles  that  from  Wisconsin,  and  al- 
though the  species  are  nearly  all  distinct  the  generic  facies  is  the  same 
throughout.* 

In  1888  Prof.  F.  R.  Carpenter  published  a  series  of  notes  on  the  geol- 
ogy of  the  Black  Hills,  in  which  he  criticised  some  of  Newton's  views, 
and  also  advanced  some  theoretical  considerations  of  interest  in  rela- 
tion to  the  original  deposition  of  the  sediments  forming  the  Potsdam 
group.* 

SOUTHWESTERN  SUBPROVTNCK. 

This  includes  the  areas  of  Texas  and  Arizona. 

TEXAS. 

The  presence  of  Silurian  rocks  in  Texas,  subsequently  referred  to  the 
Primordial^  was  announced  by  Dr.  F.  Roemer  in  1849.''  In  the  same 
work  he  describes  from  the  lower  }K>rtion  of  the  section  Lingula  €Lcutan' 
ffula  (p.  420) and  Pterocephalia  sanctisabas  (p.  421). 

On  the  map  accompanying  this  volume  the  entire  Paleozoic  series  is 
included  under  one  color,  on  the  northern  side  of  the  granitic  band, 
northwest  of  Austin. 

*  l^UeontoloiEj  of  tho  Upper  liisaoari ;  a  report  upon  eollMiioiit  made  principally  b3'  the  expedition 
nad^'r  command  of  Lieut.  G.  K.  Warren  in  1655- '56.  Invertebratea.  Smithacnian  Conttibationa  No. 
172.  liW4,p»>.  2-10. 

*Gt>oU>};ioAi  rvport  of  a  re«>onnais«anee  of  the  Black  nUis  of  Dakota,  made  in  the  Annimer  of  1874  by 
Captain  WiUiam  Ladlow.    Keport  of  the  Chief  of  Kn^rineei^  Appendix  PP,  187fi,  p.  1170. 

*  IVMcription  of  new  foastls.  Keport  of  GeolocicAl  Keoonnaissance  of  Black  HiUa.  ilppendix  PP  of 
Rep^trt  of  Chief  of  Knpincers.  187«.  pp.  ISO-J,  1203. 

^Gtx^loiry.  Section  IV.  The  Silurian.  The  Pot^am  MmUtone.  U.  $.  Geoj;.  and  Geol.  Snrv.  of  the 
Rocky  Mountain  region,  J.  W.  Powell  in  charge ;  r»port  on  the  Black  Hills  of  Dakot*.  1880,  pp. 
8l>-l07. 

>  l^tHHttoloey  of  the  Black  Uilla  of  Dakota.  Report  on  the  itMlocT  Mfed  rMonrees  of  the  Black  Hilla 
of  Dakota.    1 880,  pp.  S29. 39iX 

*  Notes  on  the  ptHtli^i^Ly  of  the  Black  Rilla.  Pielimioary  Rept  Dakota  School  Hiaea  oa  the  Black 
nai«  of  l^akota.  l.vvS.  pp.  11-^3. 

'  Texaa.  Hit  best^ukderer  Kuck»icht  aaf  deatache  AuAwandoruu|e  and  die  phjaichea  VcirhBllniiiao 
dea  Laaitea  nach  ei^^eaar  Beobachtaag  feachikiert.    Boui,  ISM. 
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more  extended  accoant  of  the  geology  and  the  paleontology  was 

^^X\)lished  by  him  in  1852,  in  which  he  notes  the  occurrence  of  Silurian 

^X^oks  in  Llano  County,  on  the  San  Saba  Rirer  (p.  7) ;  and  describes 

^^d  illustrates  Lingula  aeutangula  (p.  90),  Pterocephalia  sancti  sabce  (p. 

^^),  and  the  genus  Pterocephalia.    Attention  is  called  by  notes  and 

^gures  to  two  undescribed  species  of  trilobitesJ 

In  a  letter  addressed  to  the  Secretary  of  the  St.  Louis  Academy  of 
Sciences  in  1850  Dr.  B.  F.  Shnmard  states  that  he  had  discovered  in 
Barnet  County,  Texas,  an  extensive  development  of  Lower  Silurian 
rocks,  equivalent  to  the  Potsdam  sandstone  and  the  Calciferous  sand- 
rock  of  the  New  York  system.  The  Potsdam  sandstone  is  filled  with 
trilobites  belonging  to  the  old  genus  Arionellus,  with  Obolns  and  Lin- 
gula, and  a  small  Orthis,  and  it  rests  directly  upon  the  granite.  Above 
the  Potsdam  we  have  beds  which  appear  to  represent  the  third  mag- 
nesian  limestome  and  second  magnesian  limestone  of  the  Missouri  sur- 
vey.' Two  years  later  Dr.  Shnmard  published  a  more  detailed  account 
of  the  Primordial  zone  of  Texas,  accompanied  by. a  number  of  sections 
measured  in  Burnet  County,  and  a  description  of  new  species  of  fossils 
from  limestones  referred  to  the  Primordial.  Under  the  heading  of  <^Pots- 
dam  sandstone"  three  sections  are  given ;  one,  5  miles  northwest  of 
the  town  of  Burnet,  has  a  thickness  of  275  feet.  In  this  fossils  were 
abundant  in  the  upper  portion,  just  beneath  the  Cretaceous  limestone^ 
as  well  as  in  the  lower  beds.  The  base  was  not  seen.  This  section  is 
made  up  almost  entirely  of  limestones,  as  are  the  other  two  sections 
mentioned«' 

Dr.  Shnmard  states  that  the  Potsdam  sandstone  is  also  finely  dis- 
played in  the  southern  part  of  San  Saba  County  and  around  the  mar- 
gins of  the  granite  districts  of  Liano.  ^<The  fauna  of  this  division  of 
the  Primordial  zone  of  Texas  is  very  analogous  to  that  of  the  Potsdam 
sandstone  of  Iowa,  Wisconsin,  and  Minnesota."  The  genera  identified 
are:  << Dikelocephalus,  Batbyurus,  Arionellus,  Conocephalites,  Agnos- 
tus,  Lingula,  Discina,,  Orthis,  Camerella,  Obolus,  and  Capulus,  all  of 
which  genera  have  been  discovered  in  the  Primordial  sandstones  of  the 
northwest  except  Agnostus  and  Camerella."*  In  the  latter  part  of  the 
paper  six  new  si)ecies  were  described,  and  a  species  of  Camarella  and 
one  of  CapuluS  mentioned.  In  a  letter  to  M.  Barrande,  dated  Septem- 
ber, 1860,  Dr.  Shumard  describes  in  a  general  way  the  Primordial  rocks 
of  Texas  as  seen  along  the  Colorado  River  in  Burnet  County.^ 

Attention  was  called  in  1874  to  the  presence  of  a  sandstone  in  Organ 

Mountains,  close  to  the  city  of  El  Paso,  in  southwestern  Texas,  by  Mr. 

t 

>  Die  KreidebilduDgeii  von  Texaa  and  ibre  organiBchen  Einsohlasse.    Bonn,  1852,  pp.  92, 93. 

*  Letter  teaching  the  late  discovery  of  Lower  Silurian  rocks,  equivalent  to  the  Potsdam  sandstone 
and  CalciferoQs  sandrock  of  the  New  York  system,  in  Barnet  County,  Texas.  Trans.  Acad.  Sot.  St. 
Loots,  vol.  1, 1859,  pp.  672, 873. 

*The  Primordial  zone  of  Texas,  with  deaoriptions  of  new  fossils.     Am.  Joar.  Sol.,  2d  ser.,  vol.  32, 
1861.  pp.  21«,  217. 
«Op.cit.pp.217,21P. 

•  Letter  on  the  Primordial  of  Texas.    Soo.  g6ol.  France,  Boll.,  2*  s6r.,  vol  18, 1861,  pp.  218, 219i 
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W.  P.  Jenney.  He  states  that  tbe  qaartzite  rests  apon  a  coarse  felds- 
pathic  granite,  and  passes  upward  into  sandstone,  filled  with  Scolitktu 
linearis^  which  he  identified  as  the  Potsdam  sandstone.  The  superjacent 
formation  is  a  crystalline  limestone  identified  as  calciferoas.  It  con- 
tains several  species  of  fossils  resembling  Archseocyathus,  and  rarely  a 
gasteropoda  like  Pleurotomaria.^  In  commenting  npon  the  statements 
of  Mr.  Jenney,  Prof.  J.  S.  Newberry  says : 

Now  it  appears  there  are  found  in  tbe  Rio  Grande  Valley  the  crystanine  base, 
rocks  ov^erlaid  in  snccessiou  by  the  Potsdam  and  Primordial,  the  Trenton,  Hudson, 
Upper  Silnrian(f),  and  Carboniferous,  just  as  they  occur  In  the  Northern  and  Eastern 
States.  *  *  *  It  would  seem  as  though  the  Organ  Mountains  had  formed  one 
border,  and  the  New  York  and  Canadian  highlands  the  other,  of  the  great  Paleozoic 
invasions  of  the  sea.* 

A  section  of  the  strata  referred  in  1874  to  the  Potsdam  by  Mr.  S.  B. 
Bnckley,  at  Packsaddle  Mountain,  in  Llano  County,  gave  a  thickness  of 
385  feet  of  alternating  limestone  and  sandstone,  beneath  which  occurs 
a  massive  bed  of  reddish  brown  sandstone  32G  feet  in  thickness.  Kumer- 
ous  genera  of  Primofdial  fossils  were  found,  characteristic  of  this  hori- 
zon.^ Other  references  are  made  to  the  occurrence  of  the  Potsdam 
sandstone  at  various  localities  in  this  county.  In  the  report  for  the 
following  year  Mr.  Buckley  refers  to  the  occurrence,  of  sandstones  of 
the  Potsdam  period  in  Mason  and  Menard  Counties.  He  also  calls 
attention  to  the  probable  presence  of  rocks  of  Silurian  age  at  the  base 
of  the  Organ  Mountains  at  Fort  Bliss,  near  the  town  of  El  Paso.^ 

A  preliminary  report  of  a  reconnaissance  of  a  portion  of  the  Paleo- 
zoic area  of  central  Texas  was  made  by  Mr.  C.  D.  Walcott  in  1884.  A 
measured  section  of  the  strata  referred  to  the  Cambrian  on  the  west 
side  of  Honey  Creek  Valley  gives  245  feet  of  sandstone  and  625  feet  of 
limestone,  all  marked  by  the  presence  of  an  abundant  Upper  Cambrian 
(Potsdam)  fauna.  The  upper  beds  of  the  limestone  become  compact, 
hard,  and  have  a  little  included  cherty  matter.  The  Cambrian  fauna 
terminates  here,  as  far  as  observed,  and  it  is  not  until  over  1,000  feet  of 
limestone  are  passed  through  that  recognized  fossils  again  occur.  The 
fauna  is  then  of  the  type  of  the  Calciferous  group.*  The  text  is  accom- 
panied by  a  diagrammatic  section  of  Packsaddle  Mountain,  that  illus- 
trates the  unconformity  between  the  Llano  group  and  the  strata  re- 
ferred to  the  Potsdam  or  Upper  Cambrian.  This  gave  a  total  thick- 
ness of  605  feet  for  the  formation,  with  a  massive  sandstone  205  feet  in 
thickness  at  the  base.^ 

The  latest  addition  to  our  knowledge  of  the  Cambrian  rocks  of  Texas 

» [Recent  explorations  in  the  Geology  of  Texas.]    New  York  Lyceam  Nat  Hist.  Proo.,  voL  2, 1874, 
p.  60. 

*  Remarks  on  geology  of  Western  Texas.  New  York  Lyceum  Nat.  Hist.  Proo.  vol.  2, 1874,  p.  70. 
'First  annaal  report  of  the  geological  and  agric^iltnral  sarvey  of  Texas.  Houston,  1874,  p.  73. 
^Second  fuinual  report  of  the  geological  and  agrtoaltural  survey  of  Texas.    Houston,  1 876,  p.  10. 

*  Notes  on  Paleozoic  rooks  of  Central  Texas.    Am.  Jour.  Soi.,  3d  ser.,  vol  28, 1884,  p.  433. 
*Op.cit.,p.482. 
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is  by  Prof.  T.  B.  ComstockJ  He  divides  the  rocks  referred  to  the  Cam- 
brian into  the  Hickory  series  (Lower  Cambrian t),  the  Riley  series 
(Middle  Cambrian?),  and  the  Katemoy  (Potsdam)  series  (Upper  Cam- 
brian ?).  The  supposition  that  the  Lower  Cambrian  and  Middle  Cam-^ 
briau  are  represented  is  based  upon  the  presence  of  certain  beds  beneath 
the  fossiliferons  XJpi^er  Cambrian.  He  considers  that  the  Hickory  beds 
have  altogether  a  thickness  of  200  to  250  feet.  The  maximum  thick- 
ness of  the  Eiley  series  is  probably  300  to  400  feet.  The  upper  or  Eat- 
enicy  series  is  divided  into,  Division  A,  or  the  Potsdam  sandstone, 
thickness  90  to  140  feet;  Division  B,  the  Potsdam  flags,  probable  thick- 
ness 50  feet;  Division  C,  the  Potsdam  limestone,  200  feet. 

ARIZONA. 

As  geologist  of  Lieut.  J.  C.  Ives's  expedition  to  the  Colorado  Biver 
of  the  West,  Prof.  J.  8.  Newberry  was  the  first  one  to  recognize  the 
presence  of  a  sandstone  resting  upon  the  Archean  granite  in  the  '^Big 
Oaiion"  of  the  Colorado.  A  diagrammatic  cross-section  of  the  caiion 
represents  the  "Potsdam''  sandstone  unconformably  superjacent  to 
the  granite  and  conformably  subjacent  to  strata  doubtfully  identified 
as  Silurian.'  In  the  text  it  is  said  "the  Potsilam  (?)  sandstone  which 
is  largely  developed  in  the  Great  Caiion  is  a  coarse  siliceous  rock  that 
must  have  been  derived  from  the  erosion  of  land  at  no  great  distance."  ^ 

A  section  at  Diamond  Creek,  as  described  by  the  same  author,  in- 
cludes a  conglomerate  3  feet  in  thickness  resting  on  the  granite,  above 
which  occurs  820  feet  of  sandstone.  Of  the  upper  beds  of  the  sand- 
stone, No.  10  of  the  section,  Pro£  Newberry  says: 

The  foliated  aandstones  of  No.  10  have  an  indescribable  look  of  antiquity.  They 
are  usaaHy  fine  grained  and  hard,  the  lighter  ones  drab  or  gray,  speokled  with  dark 
red.  The  shales  above  and  below  these  sandstones  are  very  soft  red  or  green  mnd- 
stones,  containing  great  numbers  of  cylindrical  bodies,  which  resemble  the  casts  of 
worm  holes. 

Nos.  12  and  13  are  coarse  siliceous  rocks,  having  tf\e  same  appearance  of  extreme 
age  as  No.  10,  but  much  coarser  and  more  massive.  The  lithological  characters  of 
these  strata  are  strikingly  like  those  of  mnch  of  the  Potsdam  sandstone  of  the  expo- 
snres  I  have  examined  of  that  rock  on  Lake  Superior  and  in  Canada.  *  *  *  In 
the  absence  of  fossils,  whatever  conclusions  may  be  arrived  at  in  regard  to  the  age 
of  these  sandstones  must  be  in  some  degree  conjectural  and  liable  to  modification  by 
the  discovery  of  new  facts;  yet  the  evidence  is  in  a  good  degree  satisfactory  that 
they  are  the  equivalent  of  the  Potsdam  sandstone  of  the  New  York  geologists.  The 
indications  of  this  identity  are  found  in  their  great  relative  antiquity  and  in  their 
lithological  characters.'* 

Attention  is  called  to  the  resemblance  of  these  sandstones  to  those 
of  the  Black  Hills  which  occnpy  the  same  relative  stratigraphic  posi- 

1 A  preliminary  report  on  the  geology  of  the  central  mineral  region  of  Texas,  lat  Ann.  Rep.  Geol. 
Surv.  of  Texas  for  1889. 1890,  pp.  285-289. 

'Geological  report.  Beport  upon  the  Colorado  Kiver  of  the  Weat,  expL  in  18&7-'58  by  Lieut.  J.  C. 
Ivea.    Part  m,  1861.  p.  42. 

*Op.cit..p.47. 

«Op.citnP.66 
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tion,  and  which  contain  the  Potsdam  faana,  as   identified  by  Dr. 
Hayden.* 

When  describing  the  section  of  the  Orand  Oanon  of  the  Colorado 
where  it  passes  through  the  Kaibab  plateau,  Maj.  J.  W.  Powell  states 
that  the  summit  of  the  section  was  formed  by  Garboniferotis  limestone. 
This  extends  from  the  edge  of  the  plateau  down  3,500  feet,  and  beneath 
it  occurs  1,000  feet  of  conformable  rocks  of  undetermined  age.  These, 
in  turn  extend  down  to  the  anconformity  between  them  and  the  subja- 
cent 10,000  feet  of  strata  th^t  were  subsequently  referred  to  the  Grand  * 
Canon  group.  At  the  close  of  the  same  paragraph,  in  speaking  of  the 
latter  series  of  rocks,  he  says : 

The  beds  themselves  are  not  conformable  to  the  overlying  Carboniferoas  rocks ; 
that  is,  the  Carboniferoas  rocks  are  spread  oyer  their  upturned  edges.' 

It  thus  appears  that  all  of  the  strata  down  to  the  unconformity  wore 
referred  to  the  Carboniferous.  This  includes  the  series  of  sandstones 
referred  to  the  Potsdam  by  Dr.  Newberry. 

As  the  result  of  his  studies  of  the  lower  strata  of  the  Colorado  Cafion 
region  at  Diamond  Creek  and  at  the  mouth  of  the  canon,  Mr.  G.  K.  Gil- 
bert in  1874  designated  the  series  of  sandstones  referred  to  the  Potsdam 
by  Newberry,  as  the  Tonto  group,  and  considered  it  to  belong  to  the 
Primordial  division  of  the  Silurian.^  The  data  for  this  conclusion  were 
published  in  the  following  year.* 

The  section  at  the  mouth  of  the  Colorado  has  80  feet  of  vitreous 
sandstone  resting  unconformably  upon  the  granite,  and  605  feet  of 
shales  alternating  with  limestones  between  the  sandstone  and  a  super- 
jacent massive  limestone.^  At  the  month  of  the  Kanab  Creek  100  feet 
of  green  arenaceous  and  micaceous  shales  occur  between  the  supeija- 
cent  massive  gray  limestone  and  the  level  of  the  river.*  From  the 
stratigraphic  position  of  the  Tonto  sandstone  and  shales  and  the  pres- 
ence of  a  species  of  the  genus  Cruziana  he  was  led  to  conclude  that  the 
Tonto  group  is  certainly  Lower  Silurian  in  age.  and  probably  Primor. 
dial.' 

The  section  of  the  Tonto  series  at  the  mouth  of  the  Grand  Canon  was 
measured  more  in  detail  by  Mr.  A.  B.  Marvine  in  the  same  year.  He 
traced  ^  the  formation  to  the  south  and  southeast  along  the  margin  of 

*  Op.  cit.,  p.  57. 

*  Exploration  of  the  Colorado  River  of  the  Weat  and  its  tribntaries,  explored  in  1868, 1870, 1871,  and 
18T2.    Washinglon.  1875,  p.  212. 

*  On  the  Age  of  the  Tonto  sandstone.    (Abstract.)    Washington  Phil.  Soc.  Bnll.,  vol.  1. 1874,  p.  109. 

*  Report  on  the  theology  of  portions  of  Nevada,  Utah,  California,  and  Arizona  examined  in  the  years 
1871  and  1872.  Report  on  Ooog.  and  Geol.Expl.and  Survey  west  of  the  100th  merid.,in  charge  of 
Lieut  Geo.  M.  Wheeler,  vol.  3,  Geology,  1873,  pp.  lBi-180.  Report  on  the  geology  of  put  lions  uf  New 
Mexico  and  Arizona,  examined  iu  1873.    Ibid.,  vol.>3, 1875,  pp.  521, 522. 

'  Report  on  the  geolugy  of  portions  of  Nevada,  Utah,  California,  and  Arizona  examined  in  the  years 
1871  and  1872.  Report  on  Geog.  and  Geol.  Expl.  and  Survey  west  of  the  IbOth  merid.,  in  charge  of 
Lieut  Geo.  M.  Wheeler,  vol.  3.  Geology,  1875,  p.  IfiJ. 

•0p.cit.,p.  ie2. 

»0p.  cit,  pp.  185,186. 

'Report  on  the  geology  of  route  from  St  George,  Utah,  to  Gila  River,  Arieona,  examined  in  1871. 
Rept.  on  Geog.  and  Geol.  Expl.  and  Sorv.  west  of  100th  merid.,  in  charge  of  Lieut.  Geo.  M.  Wheeler, 
vol.  3,  Geology,  1875,  p.  190. 
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the  plateau  that  extends  soatbward  from  the  Grand  Canon.  The  geo- 
^aphic  distribation  of  the  formation  m  indicated  on  the  atlas  sheets 
published  by  the  Wheeler  survey  in  1874. 

When  describing  the  sedimentary  groups  of  the  Plateau  province 
Maj.  Powell  accepted  the  name  Tonto  ^roup,  proposed  by  Mr.  Gilbert, 
but  did  not  agree  with  him  in  considering  the  strata  to  be  of  Silurian 
age.  FiX)m  geological  considerations  he  was  inclined  to  consider  the 
Tonto  group  as  forming  the  base  of  the  Carboniferous  series.  This 
opinion  was  strengthened  by  the  fact  that  he  found  in  the  Grand  Canon 
10,000  feet  of  sandstone,  shales,  and  limestones  underlying  the  Tonto 
series  unconformably,  and  hence  separated  from  them  by  long  periods 
of  erosion,  and  at  the  base  of  the  latter  series  he  reported  finding  Silu- 
rian fossils.^ 

The  fossils  mentioned  by  Maj.  Powell  were  studied  by  Dr.  0.  A. 
White,  who  identified  the  genera  Lingulella  and  Obolella  and  referred 
them  to  the  Lower  Silurian.' 

The  supposed  Primordial  age  of  the  Tonto  series  was  accepted  by 
Gapt.  C.  A.  Dutton  in  his  account  of  the  physical  geology  of  the  Grand 
Canon  district.^ 

The  section  at  the  mouth  of  the  Kanab  Canon  was  studied  by  Mr.  G. 
D.  Walcott  in  1880.  He  found  that  450  feet  of  a  mottled  limestone  and 
100  feet  of  arenaceous  and  micaceous  shales  at  the  base  of  the  section 
were  of  Primordial  age,  as  indicated  by  the  presence  of  the  genera  Lin- 
gulepis,  Conocephalites,  and  Bathyurus  in  the  upper  portion,  and  in  ad- 
dition to  these  Hyolithes  primordiaJis^  Lingulepis,  and  Crepicephalus  in 
the  Jower  beds.^  Further  evidence  of  the  Cambrian  age  of  the  Tonto 
group  was  published  by  Mr.  Walcott  in  1883.  Fossils  representing  the 
genera  Crnziana,  Lingulepis,  Iphidea,  Conocephalites,  Crepicephalus, 
and  Dikelocephalus  were  found  in  the  upper  700  feet  of  the  sandstones, 
shales,  and  limestones  that  form  the  upper  part  of  the  group  in  the 
cafion  valleys  entering  on  the  left  side  of  the  Kaibab  plateau.^ 


• 
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The  first  reference  that  we  find  to  the  fossils  of  the  Cambrian  fauna 
of  the  Upper  Mississippi  Valley  is  by  Dr.  D.  D.  Owen  in  his  report  of 
1848  on  a  geological  reconnaissance  of  the  Chippewa  land  district  of 

I  Report  on  the  geology  of  the  eastern  portion  of  the  Uinta  Mountains  and  a  region  of  conntry  a<^a. 
cent  thereto.    Washington,  1876,  p.  56. 

'  l^Tertebrate  paleontology  of  the  Plateau  province,  together  with  notice  of  a  few  species  IVom 
localities  beyond  its  limits  in  Colorado.  Rept.  on  the  geology  of  the  eastern  portion  of  the  Uinta 
Mountains,  by  J.  W.  Powell.  Washington,  1876,  p.  79. 

*  The  physical  geology  of  the  Grand  Canon  district.  U.  S.  Geol.  Snrv.,  2d  Ann.  Rep.  1880-'8L  1882, 
p.  114. 

<  The  Permian  and  other  Paleozoic  gronpsof  the  Kanab  Valley,  Arisona.  Am.  Joar.Sci.,  3d  ser.,  vol.  20, 
1880,  p.  225. 

*  PrecarboDiferous  strata  in  the  Grand  Ca&on  of  the  Colorado,  Anxoua.  Am.  Jour.  SoL,  3d  ser.,  voL 
26^  1883,  p.  4801 
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Wisconsin.'  The  fossils  discovered  were  referred  to  the  genera  Asa- 
ph as,  Agnostas,  Trinuclens,  and  Triarthras,  bat  on  PI.  7,  accompanying 
the  report,  there  is  figured,  bat  not  named,  the  head  and  pygidinm  of 
Dikelocephalus  minnesotensiSj  and  a  species  of.  Ptychoparia  as  now 
known. 

In  a  later  pai)er  in  1851  on  the  paleontology  of  the  lowest  sandstones 
of  the  Northwest  he  gives  the  name  ^^  Dikello-Cephalon  "  to  a  l^rge 
genas  of  trilobites  obtained  in  the  lower  sandstone  formation.'  He  also 
notes  the  discovery  of  Lingulas  and  Orbiculas  by  himself  in  1847  at  the 
Falls  of  St.  Groix,  and  the  discovery  of  fossils  on  the  Mississippi  Eiver 
between  the  Falls  of  St.  Anthony  and  the  Wisconsin  Biver,  the  pres- 
ence of  trilobites  in  the  sandstone  10  miles  below  Mountain  Island,  etc. 

One  of  the  first  species  described  from  the  '^  Potsdam  ^  sandstone  of 
Wisconsin  is  Oraptolithus  hallianus  Prout,  1851,  from  the  middle  por- 
tion of  the  formation  at  Osceola  Mills,  near  the  falls  of  St.  Croix 
River.^ 

The  occurrence  of  the  Potsdam  tkana  in  the  sandstone  of  northeast- 
ern Wisconsin  is  noted  by  Prof.  James  Hall  in  his  report  to  Messrs. 
Foster  and  Whitney.*  He  describes  and  illustrates  Lingula  prima  Con- 
rad (p.  204),  Lingula  antiqua  Hall  (p.  204),  and  an  undetermined  species 
of  Dikelocephalus  (p.  205).-> 

We  note  that  Lingula  prima  was  subsequently  described  by  Hall  ^as 
Oholella  politay  and  that  Lingula  antiqua  equals  Lingulepis  acuminata 
of  Conrad  and  the  Lingulepis  pinna/ormis  of  Owen. 

From  the  material  collected- from  the  lower  sandstones  of  Wisconsin 
(the  Potsdam  sandstone  of  l^ew  York)  Dr.  Owen  described,  in  1852,  the 
following  genera  and  species :  ^ 

Dikelocephalns  (n.  gen.)t  P*  ^73.  Lonohocephalus  (n.  gen,),  p.  575. 
minnesotensis,  p.  574.  chippewaensis,  p.  576. 

pepinensis,  p.  574.  hamalas,  p.  576. 

miiii8oaeu8ii>;  p.  574.  Crepicephalus  (n.  gen.),  p.  576. 

iowensis,  p.  575.  Menooephalus  (o.  geii.),  p.  577. 
grannlosas,  p.  575. 

In  the  description  of  PL  1  the  species  Menocephalus  minnesotensis  ier 
named  and  figured  (Fig.  11) ;  also  Crepicephalus  f  uisconsensis  (Fig. 
13),  and  on  PI.  la,  Crepicephalus  (?)  miniscaensis  is  named  and  illus- 
trated (Fig.  14).  On  PI.  Ibj  the  species  Lingula  pinnaformis  is  proposed 
and  illustrated  (Figs.  4,  6,  8);  Lingula  ampla  is  figured  and  named 


'  Report  of  a  geolof^ioal  reoonDaissance  of  the  Chippewa  .land  distHot  of  Wiaoonsin ;  and  Incident- 
ally, of  a  part  of  Iowa  and  of  the  Minnesota  Territory.  Letter  of  the  Secretary  of  the  Treasary  com- 
mnnicaiing  a  report  of  a  Keolo^cal  reconnaiasance  of  the  Chippewa  land  district  of  Wisconsin  (etc), 
by  D.  D.  Owen.    Thirtieth  Cohgress,  Ist  Seas.,  Senate  Ex.  Doc.  No.  57, 1848,  pp.  1315. 

'  Aiu.  Assoc.  Proc,  vol.  6, 1851,  p.  171. 

*  Description  of  a  new  Graptolite  found  in  the  Lower  Silurian  rocks  near  the  falls  of  the  St.  Croix 
River.  Am.  Jonr.  Sci.,  2d  ser.,  vol.  11,  1851,  p.  189. 

*  Description  of  new  or  rare  species  of  fossils  from  the  Paleoxoic  series.  Rept  on  the  geology  of  the 
Lake  Superior  land  district,  by  Foster  and  Whitney,  pt  2,  1851,  pp.  203-231. 

*  Geol.  Sui-v.  of  Wise,  Iowa,  and  Minn.,  and,  inoidentally,  of  a  portioi;  of  Kebraska  Territory.  Phil»> 
delphia,  1862. 
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(Figs.  5, 12),  together  with  figares  of  Liiigula  antiqua  and  L.primay  and 
a  number  of  others  placed  under  Obolus  and  Orbicula. 

Mr.  Edward  Daniels  stated  in  1859  that  upon  a  small  island  in  Black 
Kiver  he  had  found  perfect  impressions  of  crustaceans  consisting  of 
double  rows  of  parallel  tracks,  precisely  like  those  in  Montreal.^  (Pro- 
tickuites  of  Jjogan. — C.  D.  W.) 

In  the  report  of  the  superintendent  of  the  geological  survey  of*  Wis- 
consin, Prof.  Hall  describes,  from  the  Potsdam  sandstone : ' 

Lingula  polita,  p.  24.  Theca  primordialia,  p.  48. 

Lingula  aarora,  p.  24.  Serpulites  murchisonla,  p.  48. 

In  the  geological  volume  he  illustrates :  ^ 

Graptolithu8(Dendrograptu8)hal-  Theoa  primordialts,  p.  21. 

lianiis,  p.  2L  Serpulites  murobisouii,  p.  21. 

Lingala  polita,  p.  21.  Dikelocephalus  miouesoteiisis,  p. 

pinnaformis,  p.  21.  22. 

aDtiqua,  p.  21.  D.  pepineDsiSi  p.  22. 

aurora,  p.  21. 

In  a  letter  to  Principal  J.  W.  Dawson,  Prof.  HaU  describes  a  new 
crustacean  from  the  Potsdam  sandstone  under  the  generic  name  of 
Aglaspis,  stating  it  to  be  the  same  form  mentioned  in  a  communication 
to  the  Albany  Institute.^ 

In  1862  Prof.  G.  H.  Hitchcock  published  a  list  of  the  fossils  of  the 
Potsdam  group  in  North  America,  including  in  it  all  the  species  known 
to  him  described  from  the  Potsdam  sandstone  and  also  from  the  strata 
now  referred  to  the  Cambrian  of  other  parts  of  North  A^merica.  The 
list  includes  one  hundred  and  thirty -lour  species.' 

In  1862  Prof.  B.  F.  Shumard  describes  from  the  Potsdam  sandstone 
of  Wisconsin  and  Missouri  the  fallowing  species:® 

Dikelocephalus  latifrons,  p.  101. 
Arionellns  bipanctatas,  p.  101. 
Conocepfaalites  minor,  p.  105. 

He  also  noticed  under  the  name  of  Oonocephalites  ioucensis,  the  BikeU 
ocephalus  (I)  iowensis  of  Owen  (p.  102),  and  Crepioephalus  (!)  wisconsensiSj 
under  the  name  of  Gonocephalites  wiscoiiaensis  (p.  103).  The  LojichO' 
cephnlm  chippewaensis  Owen  and  L.  hamulus  are  both  referred  to  the 
jienus  Oonocephalites  (p.  104).  A  species  of  Agnostus  was  referred  to 
A(jno8tus  orion  (?)  of  Billings  (p.  105). 


*  Notea  on  geology  of  Wisconsin  and  adjacent  States.  Boston  Soo.  Nat.  Hist.  Proo.,  vol.  6. 1859,  p. 
310. 

'Kcport  of  the  superintendent  of  the  geological  survey  (of  Wisconsin),  exhibiting  the  progress  of 
the  work.    January  1,  1861.    Madison,  1801,  pp.  52. 

*  Physical  geography  and  general  geology.    Qeol.  Sanr.  Wisconsin,  Report,  vol.  1,  1862,  pp.  1-72. 
^  On  a  new  crustacean  from  the  Potsdam  sandstone.    Canadian  Naturalist,  vol.  7, 1862,  p.  445. 
'ifossilsof  the  Potsdam  group  in  North  America.    Portland  Soo.  Nat.  Hist.  Proo.,  vol.  I,  1862,  pp. 

87-90. 

*  Notice  of  some  new  and  imperfoctly  known  fossils  from  the  Primordial  zone  (Potsdam  sandstone 
and  Calciferous  Sand-group  of  Wisconsin  and  Missouri.  St.  Louis  Acad.  Sci.  Trans.,  vol.  2, 1862,  pp. 
lOUlOft. 


224 


THE   CAMBRIAN. 


[DULL.  81. 


In  the  same  year  Prof.  James  Hall  read  before  tbe  Albany  Institute 
a  preliminary  notice  of  the  fauna  of  the  Potsdam  sandstone,  with  re- 
marks upon  the  previously  known  species  and  descriptions  of  some  new 
ones  from  the  saudstone  of  the  Upper  Mississippi  Valley.  This  was  first 
published  in  the  Sixteenth  Eeport  of  the  State  Cabinet  of  Natural  His- 
tory iu  ISGSy  aud  in  1867  in  the  Transactions  of  the  Albany  Institute. 
The  new  genera  and  species  described  are  as  follows:^ 


Lin^ala  wiuoua,  p.  126. 

mosia,  p.  126. 

aurora  yar.,  p.  127. 
Di8cina(f)  iniitilis,  p.  130. 
Orthis  pepina,  p.  134. 
Platyceras  primordialis,  p.  136. 
Euomphalus  (7)  vaticinn8,p.  136. 
DikelooephaluH  minllesotensis 

var.  limbatns,  p.  Ul. 
Dikelocephalus  mmnesotensia 

var.,  p.  141. 
DikelocephaliiH  spininger,  p.  143. 

misa,  p.  144. 

osceola,  p.  146. 
Conocephalites  eos,  p.  151. 

perseus,  p.  153. 

shumardi,  p.  154. 

nasutiis,  p.  155. 

oweni,  p.  155. 


eryon,  p.  157. 

anatinusy  p.  158. 

patersoni,  p.  159. 

f  binodosas,  p.  160. 

winonai  p.  161. 

diadematcra,  p.  167. 
Ptyohaspis  sp.f,  p.  174. 
Ghariocephalu8  whitfieldi,  p.  175. 
IllaenaraB  qaadratas,  p.  176. 
Triarthrella  aaroralis,  p.  177. 
Agnosias  josepha,  p.  178. 

pariliSi  p.  179. 

disparilis,  p.  179. 
Aglaspis  barrandi,  p.  181. 
Pemphigaspis  ballata,  p.  221. 
Amphion  f  matntina^  p.  222. 
Conocephalites  f     (Arionellas  f ) 

dorsalis,  p.  222. 
Couocephalites  optatas,  p.  222. 


Of  species  previously  described  he  redescribed  and  illustrated : 

GraptoJithus  hallianus,  Front.,  as  Dendrograptns  hallianus,  p.  124. 
Lingula  ampla,  Owen,  p.  125. 

aurora,  Hall,  p.  126. 

pinnaformis,  Owen,  as  Liugnlepis  pinDaformis,  p.  129. 
OboluB  apollinus  Owen,  as  Obolella  7  polita,  p.  133. 
Lingula f  polita  Hall,  as  Obolella  f  polita,  p.  133. 
Theca  primordialis  Hall,  p.  135.* 
Serpulites  murcbison),  Hall,  p.  136.*  ' 
Dikelocephalus  minnesoteusis,  Owen,  p.  138. 

pepinensis,  Owen,  p.  142. 
Conocephalites  minor,  Shumard,  p.  149. 

minutns,  Bradley,  p.  150. 
Dikelocephalus  iowensis,  Owen,  as  Conocephalites  iowensis,  p.  162. 
Crepicephalusf  wiscousensis,  Owen,  as  Conocephalites  winoonsensis,  p.  164. 
Lonchocephalns  hamulus,  Owen,  as  Conocephalites  hamulus,  p.  166. 
Arionellns  bipunctatns,  Shumard,  p.  169. 
Dikelocephalus  miniscaensis,  Owen,  as  Ptychaspis  minisoaensis,  p.  171. 

granulosus,  Owen,  as  Ptychaspis  granulosa,  p.  173. 

Agno8tu8  orion  (?)  Billings,  noted  by  Shumard,  is  described  as  Agnos^ 
tu8  josepha  (p.  178).    The  genus  Dikelocephalus  is  redefined  (p.  137), 

1  Preliminary  notice  of  the  fnona  of  the  Potsdam  sandstone,  with  remarks  on  the  previoasly  known 
species  of  fossils  and  desoriptious  of  some  new  ones  from  tbe  sandstone  of  tbe  Upper  Mississippi 
Valley.  16th  Ann.  Rep.  Regents  Univ.  State  Cab.  Nat.  Hist.  1863,  pp.  111^220.  Albany  Inst.  Trans., 
vol.  &  1867,  pp.  93-195. 

'  Pages  135, 136  eaoh  hare  an  asterisk  (')  plaoed  after  them  to  indicate  interpolated  pages. 
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and  the  genas  Obolella  of  Billings  i8  described  with  special  reference 
to  the  species  Obolella polita  (pp.  131-134). 
The  new  genera  described  are: 

Lingolepis,  p.  129. 
Ptycbaspis,  p.  170. 
ChariocepbaluH,  p.  175. 
Illsennras,  p.  176. 
Triarthrella  (sabgenus),  p.  177. 
AglaspiB,  p.  181. 
Pempbigaspis,  p.  221. 

The  genus  Conaspis  is  proposed  in  the  event  of  a  new  generic  group 
being  formed  of  Conocephalites  perseus^  C.  shumardi,  C.  ndsutus,  C. 
oivenij  0.  eryon^  C.  anatinus^  and  C.  patersoni  (p.  152). 

Prof.  Hall  states  that  he  was  unable  to  recognize  the  six  successive 
trilobite  beds  of  the  sandstone  as  indicated  by  Dr.  Owen,  but  he 
nevertheless  refers  the  species  described  to  three  different  epochs  of 
the  Potsdam  period,  as  follows : 

In  the  lovirer  beds  of  the  formation  I  have  found  Conocephalites  proper,  together 
with  Lingula,  LtDgnlepis,  Obolella?  and  Theca.  In  the  middle  stage,  neither  the 
limits  of  the  beds,  nor  the  range  of  species  or  genera,  have  been  so  well  determiued; 
bnt,  grouping  together  all  that  I  have  foaud  between  the  well-defined  upper  beds 
and  the  lower  fossilferous  beds  known,  we  have  Conocephalites,  Dikelocophalns,  Ari- 
ouellos,  Ptychaspis,  Chariocephalus,  IllteuuruB  and  Agnostus,  in  the  trilobitic  fauna, 
together  with  Orthis  and  Platyceras. 

The  GraptolitidiB  app<'\rently  begin  their  existence  somewhere  in  this  central  epoch, 
but  their  precise  relations  to  the  other  beds  have  not  been  determined. 

In  the  higher  beds  of  the  formation,  and  clearly  separated  from  the  great  central 
mass,  we  have  the  genera  Dikelocephalus,  Triarthrella,  and  Aglaspis,  together  with 
Liugnla,  Serpulttes,  and  Enomphalus. 

We  observe,  therefore,  that  the  earliest  trilobites  are  referable  to  the  genus  Cono- 
cephalites; and  the  genus  Dikelocephalus  does  not  appear  in  the  first  stages  of  the 
formation,  nor  below  the  beds  which  I  have  referred  to  the  second  or  middle  stage  of 
the  period.  There  this  genus  appears  in  three  species,  smaller  and  less  conspicuous 
than  those  in  the  higher  beds.  It  is  only  in  the  later  stages  of  the  sandstone  that 
the  typical  sx>ecies  of  this  genus  of  Dr.  Owen  appear,  and  those  from  the  lower  beds, 
thus  referred  by  him,  belong  apparently  to  other  genera.* 

From  a  small  collection  of  fossils  from  the  Potsdam  sandstone  of 
Sauk  County,  Wisconsin,  Dr.  Alexander  Winchell  describes  in  18G4 
four  new  species  and  mentions  the  presence  of  some  others  that  have 
been  described.'    The  new  species  are : 

Orthis  barabuensis,  p.  228. 
Sirapaiollus  (Ophileta)  primordlaliSf  p.  228. 
Pleurotomaria  f  adveua,  p.  228. 
Ptychaspis  barabuensis,  p.  230. 

He  mentions  the  occurrence  of  Soolithus  linearis  (p.  227)  and  Dikel- 
ocephalus minnesotensis  and  DikelocephaUis  pepinensis  (p.  229).  From 
the  Lake  Superior  sandstone  he  describes  Faloeophyctis  articulatus  (p. 
231)  and  P.  infomiis  (p.  232).    The  two  latter  species  are  doubtfully  re- 

iOp.cit.,p.  183. 

*Kottoe  of  A  small  coUectton  of  fosBils  from  the  Potsdam  Saodstone  of  WiBOonsin  and  Lake  Superior 
Bandstane  of  Kichifcao.    Am.  Jour.  Sci.,  2d  ser.,  voL  37, 186A,  pp.  228-232. 

Bull.  81 16 


226  THE   CAMBRIAN.  [bi7ll.8L 

ferred  to  the  Cambrian  faana.  In  this  paper,  Dr.  Winehell  points  out, 
or,  rather,  he  claims,  that  Dikelocephalus  and  Ptychaspis  occar  at 
the  recognized  base  of  the  Potsdam  sandstone.^ 

The  preliminary  notice  of  the  fauna  of  the  Potsdam  sandstone  of 
the  upper  Mississippi  Valley  read  before  the  Albany  Institute  in  1862, 
by  Prof.  J.  Hall,  was  published  with  illustrations  in  1803,  as  has  been 
noticed.  The  original  paper  appeared  in  1867  in  the  transactions  of 
the  Albany  Institute.  The  descriptions  are  the  same  as  those  of  the 
paper  of  1863,  with  the  exception  of  the  omission  of  those  of  Theea 
primordialu  and  Serpulites  murchisoni. 

From  the  material  collected  by  the  Wisconsin  Geological  Survey  Prof. 
B.  P.  Whitfield  described  in  1878  under  the  title  of  Potsdam  sandstone 
species  :* 

PalsdopbycoB  plamosas,  p.  50.  Ptychaspis  striatDs,  p.  55. 

Triplesia  primordialis,  p.  51.  minuta,  p.  55. 

Palfeacmsea  irviogi,  p.  51.  Agraulos  (Batbyurasf)  woosteri, 

fiellerophon  antiqaatas,  p.  52.  p.  56. 

Conoceph allies  calymenoldes,  p.     Arionellus  (Agraolos)  convexns, 

52.  p.  57. 

Creplcephalas  onaBtns,  p.  53.  Ellipsocephalas  carta,  p.  58. 

Dikelocephalus granulosuSjOweUj  is  redefined  under  Ptychaspis  granu- 
losaj  bul  not  the  Ptychaspis  granulosa  of  Hall  (p.  54).  Ptychaspis  granu- 
losaj  Hall,  is  redescribed  as  P.  striata  (p.  65). 

In  1879  Prof.  T.  O.  Ohamberlin  referred  to  some  tracks  found  on  the 
Potsdam  sandstone  by  Rev.  A.  A.  Young,  of  New  Lisbon,  Wisconsin. 
He  named  Climactichnites  youngi  and  G.fosteri,  The  material  was  sub- 
sequently stndied  by  Mr.  J.  E.  Todd,  who*  published  an  illustration  and 
description  of  the  species.  These  tracks  or  trails  are  congeneric  with 
Climactichnites  wilsoni^  described  by  Logan  in  1863,  from  Perth,  Gcinada.^ 

In  1882  in  his  final  report  on  the  paleontology  of  Wisconsin,  Prof. 
B.  P.  Whitfield  described  from  the  Potsdam  sandstone  the  following 
new  species:* 

Holopea  sweetl,  p.  174.  Dikelocepfaalas  lodensis,  p.  188. 

Conocephalites  f   qnadratos,   p.  Aglaspis  eatoni,  p.  192. 

180.  Aienicolites  woudi,  p.  177. 
(  Ptychaspis  f )  ezplanatus,  p. 

181. 

He  also  describes  and  illustrates: 

PaleophycQS  plumosus  Whltf.,  p.  169. 
Lingnlepis  pinnaformis,  Owen.  p.  169. 
Orthis  peptna,  Hall,  p.  170. 

barabaensis,  Winehell,  as  LepUena  barabnensis,  p.  171. 
Triplesia  primordialis  Whiti.,  p.  172. 


>  Oik  oik.  p.: 

'  Preliminary  deacriptioiis  of  new  species  of  foesils  from  the  lower  geological  formatioBB  of  Wiecon* 
■in.    CteoL  Sorr.  of  Wiscooain.  Ann.  Bep.  for  18T7, 1878,  pp.  50-58. 

*  A  deeoripliMi  of  eome  foeeil  tracks  from  the  Potadam  sandstone.  Wiaoonsin  Acad.  ScL,  Tianh, 
ToL  5,  1883,  pp.  S7»-S8I. 

«Paleontolocj  (of  Wisoonsiii).    Q^ohogf  of  Witoonsin.  toI.  4. 1882.  pp.  ie»>in. 
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PalaBacmaea  irvingi,  p.  173. 

Straparollus  (Ophileta)  primordialis,  Wiiichell,  as  Ophileta  (Raphi- 

stoma)  pritnordialiSi  p.  173. 
Theca  primordialis.  Hall,  as  Hyolithes  primordialiSi  p.  175. 
Bellerophon  autiquatus,  Whitf.,  p.  176. 
Conocephalites  calymenoides,  Whitf.,  p.  179. 
Crepioephalas  onastiis,  Whitf.,  p.  182. 

Conooephalitesgibbsi,  Whitf.,  as  Crepicephalus  f  gibbsi,  p.  184. 
DikelocephalusgranuluHus,  Oweu,  as  Ptychaspis  granulosa,  p.  185. 
Ptychanpis  graualosa,  Hall,  as  P.  striata,  p.  186. 

ininuta,  Whiif.,  p.  186. 
Dikelocephalns  minnesotensis  Owen,  p.  167. 
Agraalos  (Bathyarusf )  woosteri,  Whitf.,  p.  189^ 
Arionellns  (Agraulos)  oonvexus,  Whitf.,  as  Arionellus   ooUTexns, 

Whitf..  p.  190. 
EIlifMocephalaB  onrtos,  Whitf.,  p.  191. 

Iq  the  prelimiuary  remarks  on  thefaana  he  says: 

It  is  a  matter  of  considerable  interest  that,  in  different  localities  of  the  Potsdam 
formation,  the  forms  of  trilobites  found  are  generally  specifically  distinct ;  and  not- 
withstanding the  large  number  of  species  already  described  from  this  formation,  both 
in  this  State  and  other  parts  of  the  country,  other  new  formH,  readily  detected  by 
those  familiar  with  the  several  details  of  structure  ])eculiar  to  these  animals,  are  met 
with  at  almost  every  new  locality  examined.  This  change  in  species  between  dif- 
ferent localities  is  usually  accompanied  also  by  some  slight  diflferenceiu  the  material 
or  composition  of  the  rock,  which  not  only  shows  that  the  species  were  of  short  dura- 
tion in  time,  or  that  they  were  restricted  to  limited  geographical  areas,  but  that  a 
change  in  the  conditions  of  life  and  circumstances  under  which  the  animals  existed, 
and  with  which  they  had  to  contend,  was  constantly  taking  place.  How  much  these 
circumstances  or  conditions  had  to  do  with  the  production  of  forms,  or  modification 
of  types  among  them,  it  would  be  difficult  to  determine;  but  one  thing  is  certain, 
that  where  the  same  character  of  rock  and  apparent  conditions  of  deposition  prevail 
over  a  limited  geographical  area,  or  are  repeated  within  a  slight  vertical  range,  we 
are  pretty  sure  to  find  the  same,  or  closely  allied  forms  represented,  showing  that 
ander  like  conditions  siniilnr  forms  prevail.* 

In  1883,  wheu  describing  the  life  of  the  Potfidam  epoch,  iti  the  Oen- 
eral  Geology  of  Wisconsin,  Prof.  T.  C.  Chamberlin  illustrates  the  fol- 
lowing  species : ' 

PakeophycuB  plnmosos,  p.  125,  Fig.  11. 
Bellerophon  antiquatus,  Whitfield,  p.  126,  Fig.  12,  a,  b. 
Ophileta  primordialis,  Winchell,  p.  126,  Fig.  12,  o,  d. 
Holopea  sweeti,  Whitfield,  p.  126,  Fig.  12,  e. 
PalsDacmasa  irvingi,  Whitfield,  p.  126,  Fig.  12,  f. 
Platyoeras  primordialis.  Hall,  p.  126,  Fig.  12,  g. 
Serpnlites  mnrchisoni,  Hall,  p.  126,  Fig.  12,  h. 
Theca  primordialis.  Hall,  p.  126,  Fig.  12,  i. 
Dendrogra^tus  hallianns,  Prout,  p.  126,  Fig.  12,  J. 
Lingula  antiqua,  Conrad,  p.  127,  Fig.  13,  b. 
Lingnlella  stoneana,  Whitfield,  p.  127,  Fig.  13,  a. 

anrora.  Hall,  p.  127,  Fig.  13,  o. 

ampla.  Hall,  p.  127,  Fig.  13,  d. 

mosia.  Hall,  p.  127,  Fig.  13,  e. 

>0p.clt.,pp.ie3.16A. 

>Q«Mnia«olog7.   HistOEioal  Qeology.    PsIeoioloKn.    aeoL  Wis.  Snnrey  of  1878-1879,  vol.  l,  188S. 
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LingnlepU  pinaafonuis,  Owen,  p.  127,  Fig.  13,  f,g. 
Obolella  polita,  Hall,  p.  127,  Fig.  13,  h. 
Ortbis  pepiDa,  Hall,  p.  127,  Fig.  13,  i,  J.  k,  1. 
Triplesia  primord talis,  Whitfield,  p.  127,  Fig.  13,  m. 
LepUeoa  barabaensiB,  Wtncbell,  p.  127,  Fig.  13,n,o. 
AreDicolitos  W€K>di,  Whitfield,  p.  128.  Fig.  14,  a,  b. 
Dikelocephalas  sp.  T,  p.  12^,  Fig.  15. 

lodensia,  Whitfield,  p.  130,  Fig.  16,  a,  b. 

pepineDsis,  Hall,  p.  130,  Fig.  16,  o,  d,  e,  f. 
Aglaspis  eatooi,  Whitfield,  p.  130,  Fig.  16,  g. 
Chariocepbalas  wbitfieldi.  Hall,  p.  130,  Fig.  16, h. 
Arionellas  couvexas,  Whitfield,  p.  130,  Fig.  16,  i. 
Ptyehaspia  niinata,  Whitfield,  p.  130.  Fig.  16,  j,  k. 
IlbDnama  qoadratns,  Hall,  p.  130,  Fig.  16, 1,  m,  n,  o,  p. 
Crepicepbalas  gibbsi,  Whitfield,  p.  130,  Fig.  16,  q. 
Cooocephalites  wiscoDsenBis,  Owen,  p.  131,  Fig.  17,  Sb,  h,^ 

calymenoides,  Whitfield,  p.  131,  Fig.  17,  d. 
AgnostDB  joeepha,  Hall,  p.  131,  Fig.  17,  e,  f. 
Ellipeocepbalns  eartos,  Whitfield,  p.  131,  Fig.  17,  g. 
Agranlos  woost-eri,  Whitfield,  p.  131,  Fig.  17,  h,  i. 
Pemphigaspis  boUata  Hall,  p.  131,  Fig.  17,  j. 
Climacticbuites  3'ODDgi,  Chamberlin,  p.  1:^2,  Fig.  18. 

fosteri  ChatuberliD,  p.  132,  Fig.  18. 

The  species  Orlhis  remnichia  and  0.  sandbergi  are  described  in  1886 
by  Prof.  N.  H.  Wincbell  froui  the  St.  Croix  sandstone.' 

In  1890,  Mr.  C  D.  Walcott  described  the  following  species  firom  the 
Upper  Cambrian  of  Wisconsin  and  Minnesota:' 

Metoptomaf  miDneiskensiSfp.  267. 

T  peracuta,  p.  267. 
Conularia  canibria,  i).  270. 
Spirodentaliuui,  n.  gen.,  p.  271. 
Spirodentaliiim  osceola,  p.  271. 
Ptychoparia  connata,  p.  272. 

pero,  p.  274. 
Agraaloa  f  thea,  p.  277. 

RED  8ANDSTOKB  OF  LAKB  SCTPBRIOB. 

On  PI.  1  G  and  ii,  Figs.  1  and  2  of  the  illustrations  in  the  Geological 
EeiK)rt  of  Wisconsin,  Iowa,  and  Minnesota,  1852,  Dr.  D.  D.  Owen  fig- 
ures certain  markings  he  observed  on  sandstones  from  the  northwest 
shore  of  Lake  8n|>erior.  He  considered  they  probably  indicated  the 
remains  of  fossil  sea-weeds  or  fucoids. 

There  is  a  s{>ecimen  in  the  collections  of  the  National  Museum,  la- 
beled "  Plants  of  Lake  Sui>erior,  D.  D,  Owen."  The  specimen  looks 
very  much  like  tlie  sandstones  of  the  interior  of  Wisconsin,  and  is  cov- 
ered with  casts  of  annelid  ti*ails,  more  or  less  crushed  and  matted  down, 
which  gives  a  resemblance  to  fucoids.  Of  traces  of  life  other  than  that 
of  annelid  trails  and  borings  nothing  has  to  my  knowledge  been  made 
known  to  the  scientific  world. 


*  New  species  of  fossils.    14th  Ann.  Rep.  Minn.  OtMtl.  Nst  Hist  Snrr..  1S88»  ppw  3I7-31& 
nsscripUon  ttf  new  foms  of  Upper  0«inl»xiui  foesLU.  U.  &  K«««  Hva.  Proa,  toL  IS.  18M^  pp^  18T-S79. 
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BOSSOURI. 

The  only  description  of  a  fossil  referred  to  the  Cambriau  of  Missouri 
is  that  of  Lingulella  lamborni  by  Meek,^ 

EASTERN  BORDER  OR  ADIRONDACK  SUB-PROVINCE. 

The  first  notice  of  anything  of  an  organic  natnre  in  the  strata  now 
referred  to  the  Potsdam  or  Upper  Oambrian  zone,  abont  the  Adiron- 
dacks,  was  by  Mr,  J.  H.  Steele  in  1825,  who  described  certain  large  cal- 
careons  concretions.'  These  were  subsequently  described  in  detail  by 
Prof.  J.  Hall  and  named  Oryptozoon  proliferum? 

The  second  notice  is  by  Dr.  E.  Emmons,  who  states  that  near  Keese- 
ville,  in  the  bottom  of  the  fissure  at  the  high  bridge,  he  found  numerous 
specimens  of  small  bivalve  moUusca,  a  lingula.^ 

Lingnla  cumminata  was  described  by  Mr.  T.  A.  Oonrad  as  occurring 
iu  the  Galciferous  sandrock,  and  in  the  table  of  classification  he  phices 
it  as  occurring  in  the  gray  Calcareous  sandstone  at  the  base  of  the 
Lower  Silurian  above  the  Cambrian  system.**  It  is  now^known  to  occur 
in  abundance  in  association  with  Dikelocephalus  and  Upper  Cambrian 
fossils  in  a  calcareous  sandrock  and  limestone,  both  at  Whitehall  and 
in  Saratoga  County,  and  in  the  Potsdam  sandstone  on  Marble  Biver, 
Franklin  County,  New  York. 

In  his  description  of  the  Potsdam  sandstone  at  An  Sable  Chasm,  Jef- 
ferson County,  New  York,  Dr.  Emmons  figures  and  names  Lingula 
antiqua.^  The  same  woodcut  is  used  by  Prof.  Hall  to  WlnstvB^te  Lingula 
acuminata  of  Conrad.'^ 

In  volume  I  of  the  Paleontology  of  New  York,  Prof.  J.  Hall  defines 
the  genus  Scolithns  of  Haldeman  (p.  2),  and  describes  8,  linearis 
Haldeman  (p.  2) ;  Lingula  prima  of  Conrad  is  described  and  illustrated ; 
and  Lingula  antiqtia  is  proposed  as  anew  species  for  the  specimen  fig- 
ured by  Em mons  as  Lingula  antiqua  (p.  3).  These  species  are  illustrated 
ou  Plate  1.^ 

Attention  was  called  to  the  presence  of  a  track  and  footprint  of  an 
animal  in  the  Potsdam  sandstone  of  Lower  Canada  by  Sir  W.  E.  Logan 

■  Notice  of  A  new  brachlopod  from  the  lead^bearing  rocks  at  Mine  la  Mntte,  Mlssonri.    Phila.  Aoad. 
Nat  Sci.,  Proo.,  vol.  23, 1871,  p.  185. 

*  A  deecrlption  of  the  Oolitic  formation  lately  disooTered  in  the  county  of  Saratoga,  and  State  of  New 
York.   Am.  Jour.  Sci.,  yql.  0, 1825,  pp.  16-19. 

*Crypton>on,n.  gen.,  Cryptoxoon  proUfemm,  n.  ap.    Beacription  of  PI.  vi.    36th  Ann.  Rep.  State 
If oa.  Nat  Hist,  1884. 

*  Report  of  the  geologist  of  the  3d  geological  district  of  New  Yorlc.    Second  annual  report  of  the 
Geological  Survey  of  N.  Y.     Albany,  1838,  p.  230. 

*  Second  annual  report  of  the  paleontological  department  of  the  survey.  Third  annual  report  of 
the  Geological  Surrey  of  New  York.    Albany,  1839,  pp.  63, 64. 

*  Geology  of  New  York,  Part  2,  comprising  the  survey  of  the  2d  geological  (northern)  district* 
1843,  p.  268.  flg.  68. 

'Geological  survey  of  New  York;  Hi  influence  on  the  productive  pursuits  of  the  community.    N. 
Y.  SUte  Agric.  Soc.  Trans.,  for  1843,  ]8i4,  p.  252. 

*  Paleontology  of  New  York,  vol.  1,  containing  descriptions  of  the  organic  remaina  of  the  lower 
division  of  the  New  York  System.    Albany,  1817. 


230  THE   CAMBRIAN.  [buu^sL 

in  1851.  He  described  its  mode  of  occarrence  and  stratigrapfaic  posi- 
tion.^ This  paper  was  followed  by  one  by  Prof.  Owen,  who  refers  the 
tracks  to  a  species  of  tortoise.' 

At  a  meeting  of  the  British  Association  for  the  Advapccment  of 
Science,  held  at  Ipswich  in  1851,  Sir  W.  E.  Logan  exhibited  a  shib  of 
sandstone  and  a  cast  from  a  larger  one,  showing  what  Prof.  Owen  had, 
in  a  commnnication  to  the  Oeological  Society,  prononnced  to  be  a  track 
and  footsteps  of  a  species  of  tortoise,  thus  proving  the  existence  of 
reptiles  at  the  very  earliest  period  of  known  animal  life.^ 

In  describing  in  1852  the  sandstone  occurring  in  Beanharnois  Connty, 
Canada,  Sir  W.  E.  Logan  makes  the  following  observation  upon  Sco- 
lithu9  linearis  :* 

In  this  part  it  [the  sandstone]  is  abandautly  marked  oyer  considerable  snrfaccs  by 
what  the  geologists  of  New  York  have  called  Soolithu$  lineari§f  whicb  con»iat8,  where 
the  rook  is  weathered,  of  straight,  vertical  cylindrical  holes,  of  aboat  an  eighth  of  an 
inch  in  diameter,  descending  several  inches,  and  where  the  rock  is  un weathered  of 
corresponding  solid  cylinders,  couiposeil  apparently  of  grains  of  sand,  cemented  by 
a  slightly  calcareous  lualrix,  more  or  less  tinged  with  peroxide  of  iron.  Mr.  Hall 
and  other  American  geologists  iuclnde  them  among  the  Fucoids  of  the  rock,  but  they 
Appear  to  me  more  like  worm  holes.  In  one  or  two  instances  I  have  perceived  that 
the  tubes  are  interrupted  in  their  npward  course  by  a  thin  layer  of  sand,  of  a  por- 
tion which  descends  into  them  and  stops  them  up;  and  from  this  it  won Id^ appear 
that  the  cylinders  were  hollow  when  the  superincumbent  sand  was  spread  over  them. 
Whatever  may  be  the  origin  of  the  tubes,  they  strongly  mark  many  beds  In  the  upper 
part  of  the  sandstone  throughout  the  Canadian  |>ortions  of  its  distribution  already 
mentioned;  and  it  is  stated  by  Mr.  Hall  that  the  same  characteristic  accompanies 
the  Potsdam  sandstone  in  New  York  and  Pennsylvania  and  as  far  as  Tennessee. 

He  also  speaks  of  the  presence  of  Facoides  and  of  Lingula  antiqua. 
This  is  followed  by  a  detailed  account  of  the  strata  containing  the  foot- 
prints described  in  the  same  volume  by  Prof.  Owen. 

This  paper  by  Mr.  Logan  was  followed  by  one  by  Prof.  Owen,  who 
described  the  various  footprints  and  impressions  under  the  following 
names  :^ 

Protichnitcs  septem-notatns,  p.  214. 
Protichnitea  octo-notatus,  p.  217. 

latus,  p.  218. 

mnltinotatus.  p.  219. 

lineatus,  p.  220. 

alternans,  p.  221. 

The  descriptions  are  accompanied  by  admirable  illustrations  of  the 
varieties  designated.  He  concludes  that  the  impressions  appear  to  have 
been  made  by  animals  allied  to  Lijnulus.^ 


*  Od  the  occarrence  of  »  track  and  footprints  of  an  animal  in  the  Potsdam  sandstone  of  Lower 
Canada.    Qaart^  Joar.  Oeol.  Soc.,  London,  vol.  7, 1851,  pp.  247-250. 

«  Ibid.,  p.  250-262. 

"Oil  the  sge  of  the  copper-bearing  roclcs  of  Lalce  Saperior  and  Huron,  etc.    British  Asaoc,  Rep. 
Trans.,  of  sections  for  18&l-'52,  p.  62. 

*  On  the  footprints  occniTing  in  the  Potsdam  sandstone  of  Canada.    Quart.  Joar.  Geol.  Soc.  Lend., 
Proc.,  vol.  8,  1852,  pp.  200, 201. 

'Descriptiou  of  the  inipresaions  and  footprints  of  the  Protiehnites  frotn  the  Potsdam  sandstone  of 
Canada.    Quart.  Joar.  GeoL  Soc.  London,  vol.  8.  1852,  pp.  214-22& 
•0p.oit,p.22i. 
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In  1856  Dr.  Emmons  pablishcd  a  description  of  Lingula  prima  Em- 
monSy  Lingula  antiquata  Emmons,  and  L.  acuminata  Conrad.  Tbo  two 
latter  species  are  illustrated  on  PI.  ly,  bnt  in  the  d*^scription  of  the 
plate  the  figure  of  Lingula  antiquata  is  called  L,  prima  by  error  J 

In  1860,  Prof.  F.  H.  Bradley  described  and  illustrated  OonocephaUtcft 
fninuius  from  the  Potsdam  sandstone  at  An  Sable  Chasm,  near  Keese- 
ville.  New  York.* 

The  announcement  of  the  discovery  of  another  type  of  trsick  in  the 
Potsdam  sandstone  was  made  by  Sir  W.  E.  Logan,  in  1860.  For  this 
he  proposed  the  name  GliM4ictichnite8  wilsoni.^ 

In  1869  Prof.  O.  0.  Marsh  described  a  new  species  of  Protichnitcs 
from  the  Potsdam  sandstone  of  Essex  County,  New  York,  naming  it 
Protichnites  logananus^* 

As  the  result  of  comparative  study  of  different  tracks,  Dr.  J.  W. 
Dawson  concluded  that  Protichnites  of  Owen  was  possibly  made  by 
some  Limuloid  crustacean.^ 

From  collections  made  at  Keeseville,  New  York,  Messrs.  Hall  and 
Whitfield  described  the  genus  PaluBacmiea,  the  type  species  being 
FaloMicmasa  typica  and  Hyolithes  gibbosa.^ 

In  1877  Mr.  E.  J.  Chapman  says  that  the  fossil  tracks  known  ns  Pro- 
tichnites and  Climactichnites  are  of  such  a  nature  that  lie  does  not  con- 
sider them  to  be  of  animal  origin ;  and  he  suggests  that  they  are  noth- 
ing more  than  impressions  of  large  fucoids.  If  this  idea  bo  accepted 
he  proposes  to  change  the  names  to  Protichuides  and  Climactich- 
nides.' 

From  the  limestone  in  Saratoga  County,  New  York,  in  which  Mr.  J. 
H.  Steele  noticed  the  large  concentric  concretions,  Mr.  C.  D.  Walcott 
described  in  1879  the  following  species :  * 

Platyceras  minutissimum,  p.  129. 
Metoptonia  cornut)funne,  p.  I'i9. 
Conocephalites  calciferas,  p.  129. 
CoDocephalites  harttii,p.  130. 
PiychaBpis  speciosuSy  p.  131. 

The  presence  of  a  species  closely  alb'ed  to  Bathynrtis  armatus  of  Bil- 
lings was  noticed ;  also  Stromatopora  sp.  ?,  Lingula  acuminata^  Metop' 

*  American  Geology,  coDtaining  a  full  statement  of  the  principles  of  the  science,  with  full  ilustra- 
tioos  of  the  characteristic  American  fossils.    Albany,  1856,  vol.  1,  pt.  2,  pp.  2  j2,  203. 

*  Deacrlption  of  a  new  trilobite  from  the  Potsdam  sandstone.    Am.  Juur.  Sci.,  2d  ser.,  to).  30, 18G0, 

p.  e4L 

I  On  the  track  of  an  animal  lately  found  in  the  Potsdam  formation.    Canadian  Nat.,  vol.  5, 1860,  pp. 
28»-286u 

*  Description  of  a  new  speciea  of  Protichnites  from  the  Potsdam  sandstone  of  New  York.    Am.  Jonr. 
Sci^  2d  ser.,  voL  48^  1869,  pp.  46-49. 

*  Impressions  and  footprints  of  aquatic  animals  and  imitative  markings  on  Carboniferous  rocks. 
Am.  Jonr.  Sci.,  3d  ser.,  voL  5, 1873,  p.  17. 

*  Notice  of  two  new  speciea  of  fossil  shells  from  the  Potsdam  sandstone  of  New  York.    23d  Rep. 
New  York  State  Mns.  Nat.  Hist.,  1873,  p.  242 

'On  the  probable  natnre  of  the  supposed  fossK  tracks  known  as  Protichnites  and  Climactichnites. 
Canadian  Jonr.  Sci.,  Lit  and  Hist.,  new  Keriefl,  vol.  16, 1877,  p  490. 

*  Ilescriptioos  of  new  species  of  fossils  from  the  Calciferous  formation.    32d  Kep.  N.  Y.  State  Mus. 
Kat.  Hlat.,  1«70,  pp.  129-18L 
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toma  aimplexj  Mnrchisonia  sp.  f ,  and  a  Lamellibranchiate  shell.  The 
faana  was  correlated  with  that  of  the  Potsdam  sandstone  of  Iowa  and 
Wisconsin,  although  the  rocks  were  referred  to  the  Oalciferons  forma- 
tion.    This  reference  was  corrected  in  1884.^ 

In  1883,  Mr.  W.  F.  Ferrier  called  attention  to  the  presence  of  tracks 
on  the  Potsdam  sandstone  at  the  head  of  An  Sable  Chasm  in  Essex 
County,  New  York.  They  were  referred  to  the  genus  Oyrichnites  of 
Whiteaves.'  Later  the  tracks  discovered  by  Mr.  Ferrier  were  made  the 
subject  of  a  note  by  Sir  J.  W.  Dawson,  who  proposed  the  generic  name 
of  Clydichuites  for  them.^ 

In  a  note  on  some  obscure  organisms  in  the  roofing  slates  of  Wash- 
ington County,  New  York,  Prof.  James  Hall  redescribes  Butlhotrephis  f 
asteroides  Fitch  as  Dactyloidites  bulbosus.* 

A  revision  of  the  fauna  occurring  in  the  limestone  beds  of  Saratoga 
County  was  made  by  Mr.  C.  D.  Walcott  in  1886,  and  the  following  list 
was  published:' 

NKW  TORK.  WTBCONSnr. 

Cryptozoa  prolif emm 

LiDgulepis  acuminata Lingalepis  piDnsBformia. 

Platyceras  miuntissimum Platyceras  mintftissi mam. 

Platyceras  hoyti 

Metoptoma  coroatiforme Metoptoma  cornutiforme. 

simplex • 

Billiugsia  saratogeusis • 

Mattbevia  variabilis 

Dicellocephalas  harttl Dikelocepbalas  pepiDeosiB. 

specioBUs lodeusis. 

Ptychoparia  calcifora Ptycboparia  wisconsensis. 

(A.)  Baratogensis oweni  (of  Hall). 

As  the  result  of  the  comparison  of  an  extended  series  of  specimens 
from  the  Potsdam  sandstone  of  Buckingham,  Quebec,  Messrs.  Ami  and 
Sowter  concluded  that  Scolithm  linearis  and  8.  canadensis  were  iden- 
tical species;  the  main  differences  existing  between  the  two  being 
principally  in  the  preservation,  8,  canadensis  occurring  in  hollow  tubes 
or  burrows,  while  8.  linearis  occurs  as  casts  of  the  interiors  of  burrows 
or  holes.® 

In  1890  Mr.  O.  D.  Walcott  described'  the  following  species  from  the 
limestone  in  the  vicinity  of  Saratoga  Springs,  ^ew  York: 

Platyceras  hoyti,  p.  268. 
Trochus  f  saratogensiSy  p.  268. 
Agraulos  saratogensis,  p.  276. 

^  Potsdam  fauna  at  Saratoga,  New  York.    ScieDce,  vol.  3, 1884.  pp.  136, 137. 

*  Notes  on  a  fobsil  track  from  the  Potsdam  sandstone  of  nortbero  New  York  State.  Canadian  Kat. 
new  ser.,  vol.  10, 1883,  pp.  466. 467. 

*  Impressions  on  Potsdam  sandstone.    Science,  vol.  1, 1883,  p.  177. 

*  Note  on  some  obscare  orsaniflms  in  the  roofl'tj;  slates  of  Washington  Connty,  New  York.  30th 
Rep.  N.  Y.  State  Mns.  Nat.  Hist..  1886,  p.  160,  pi.  1 1 ,  fig.  1,  2. 

^Hecond  contribntion  to  the  studies  of  the  Cambrian  taunas  of  North  America.  U.  S.  GeoL  Survey, 
Bull.  No.  .10, 1886,  p.  21. 

*Iteport  of  the  geological  branch  (of  Ottawa  Field  Naturalists'  Clab].  Ottawa  Naturalist,  vol.  1, 
1887,  pp.  96,  07. 

'  Description  of  new  forms  of  Upper  Cambrian  fossils.    U.  S.  Nat  Mus.,  Proc.,  voL  18, 1800,  pp.  27e-S7BL 
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WESTERN  BORDER  OR  ROCKY  MOUNTAIN  SUfiPROYINOE. 

In  a  letter  from  Messrs.  Meek  and  Hayden  to  Lieut.  O.  K.  Warren, 
dated  February  8, 1858,  attention  is  called  to  tbe  identification  of  fos- 
sils from  a  sandstone  in  the  Black  Hills  equivalent  to  the  Potsdam  sand- 
stone of  the  New  York  series.  They  recognized  Lingula,  Obolusf,  and 
fragments  of  trilobites,  belonging  to  species  known  to  occur  in  the 
Potsdam  formation  in  Wisconsin  and  Minnesota.^  This  notice  was  fol- 
lowed in  1861  by  the  publication  of  the  first  description  of  the  Cambrian 
fanna  of  the  Rocky  Mountains.  The  new  species  described  but  not 
illustrated  include  Obolella*  nanaj  Theca  {Pugiunoultis)  gregariay  and 
Arionellua  (Crepicephalus)  owenu^  The  descriptions  of  the  species  were 
republished  in  1862,  in  the  American  Journal  of  Science,  in  connection 
with  figures  illustrating  them.  The  last  species  is  described  as  AHo- 
nellus  f  oweni.  There  were  also  identified  from  the  same  horizon  Lingula 
prima  Conrad  and  Lingula  antiqua  Hall.^ 

The  Black  Hills  fauna  was  again  described  by  Messrs^  Meek  and 
Hayden  in  1864,  in  their  account  of  the  paleontology  of  the  Upper  Mis- 
souri. Lingula  antiqtui^  mentioned  in  their  letter  of  1858,  is  identiOed  as 
Lingulepis  pinnaformis  Owen  (p.  2),  and  the  name  L,  dakotensis  proposed 
in  the  event  of  the  shell  being  subsequently  determined  to  be  a  new 
species  (p.  3).  A  description  and  illustration  is  also  given  of  Lingulepis 
prima  Conrad  (p.  3),  Obolella  nana^  M.  &  H.  (p.  4),  Theca  gregaria^  M. 
&  H.  (p.  5),  Agrauloa  oweni^  M.  &  H.  (p.  9),  {Arionellus  {Crepicephalus) 
oicenij  of  the  paper  of  1861),  and  an  undetermined  species  of  Agraulos 
(p.  10).  All  of  the  species  are  referred  to  the  Potsdam  or  Primordial 
sandstone.^ 

In  1876,  when  reporting  upon  the  fossils  collected  by  Captain  Lud- 
low's expedition  to  the  Yellowstone  National  Park,  Prof.  R.  P.  Whit- 
field described  two  species  that  are  now  referred  to  the  Upper  Cambrian 
zone,  Crepicephalus  (Loganellus)  montanensis  and  Arionellus  tripunc- 
tatuSj  referring  them  to  the  limestone  of  the  Potsdam  group  overlying 
the  quartzite  near  Camp  B^ker.^ 

A  preliminary  report  on  the  paleontology  of  the  Black  Hills  by  Prof. 
B.  P.  Whitfield  contains  a  description  of  Palceoohorda  prhna,  PaUcophy- 
cus  oecidentalisj  Lingulepis  owieolu^,  L.  perattenuatus  Crepicephalus  [Lo- 
ganellus) centralis^  and  C.  (L.)  planus.     All  of  these  species  are  referred 

>  FoMils  of  Nebraoka.  Letter  from  F.  B.  Meek  unX  F.  V.  Hayden.  Am.  Jour.  Sci.,  2d  mt.,  toI.  25, 
1858,  p.  430. 

'Deeoriptions  of  new  Lower  Silarian  (Primordial),  Jaraeaio,  Cretaoeooa,  aud  Tertiary  fossila,  col- 
lected in  Nebraska,  with  some  remarks  on  the  rocks  from  which  they  were  obtained.  Phil.  Acad.  Sci., 
Proo.,  yoL  13, 1861,  pp.  435, 436. 

*The  Primordial  Sandstone  of  the  Rocky  Mountains  in  the  Northwestern  Territories  of  the  United 
states.    Am.  Jour.  Sci.,  2d  ser..  yoL  33, 1862,  pp.  73, 74. 

*  Paleontology  of  the  Upper  Missouri ;  a  report  upon  collections  made  principally  by  tlie  expeditious 
under  command  of  Lieut  O.K.  WaiTen  in  1855-'56.  Inyertebrates.  Smithsonian  Contributions  No. 
172. 1864,  pp.  1-10. 

*  Descriptions  of  new  species  of  fossils.  Report  of  a  reoonnaissanoe  from  Carroll,  Montana  Terr., 
on  the  Upper  Hissonri,  t^Ehe  Yellowstone  Park  and  return,  made  in  the  summer  of  1875  by  Wm. 
Lndlow,  1876,  p.  14L 
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to  the  Potsdam  forxnation  of  the  Black  Hills  of  Dakota.^  In  the  final  re- 
port, which  appeared  in  1880,  the  species  described  in  the  preliminary 
report  are  illnstrated,  and  descriptions  and  illustrations  given  of  Palce 
ophycus  sp.  undet.,  Arenocoliies  sp.  nndet.  (p.  333),  Lingidepis  pinna 
formis  (p.  331),  Lingulepis  daJcotentis  (p.  337),  Obolus^  peetenoides  (p. 
338),  Obolella poUta  (p.  339),  Obolella  nana  (p.  340).  In  the  preliminary 
remarks  to  the  paper  it  is  stated  that  the  horizon  of  the  Potsdam  forma- 
tion of  the  Black  Hills  appears  to  be,  so  far  as  the  fossils  will  serve  to 
determine,  about  the  same  as  that  of  Wisconsin  and  the  neighboring 
States.* 

The  only  fossils  of  the  Oambrian  fauna  i&entified  in  Colorado  are  a 
species  of  Dikelocephalus  from  Quandary  Peak  ot  the  Mosquito  Range,' 
and  the  Lingulepis  found  in  the  Trout  Greek  section  (p.  G2). 

In  1890  Mr.  0.  D.  Walcott*  described  three  species  from  the  Upper 
Cambrian  of  the  Black  Hills  of  Dakota.  They  were  Hyolithes  newtoni 
(p.  270),  Ptyc}iopariava4!U)ia(^,  275),  and  P.  {Liostracns)  panope  (p.  275). 

TKXAS. 

The  first  notice  of  the  presence  of  a  fauna  in  Texas  subsequently 
assigned  to  the  Cambrian  is  by  Dr.  Roemer  in  1849.  A  description  of 
Lingula  acutangula  (p.  420)  and  Pterocepkalia  sancti  sabw  (p.  421)  is  given 
by  him  in  that  year  without  illustrations.^ 

In  his  more  extended  work  on  the  geology  of  central  Texas  he  de- 
scribes and  illustrates  TAngula  acuianguJa  (p.  90),  Pterocephalia  sancti- 
sabcB  (pp.  92,  93),  and  the  genus  Pterocephalia  (p.  93).  He  also  illus- 
trates the  head  of  a  trilobite,  allied  to  Arionellus,  and  the  pygidiumof 
another  species,  on  Table  xi.® 

The  primordial  character  of  the  fauna  referred  to  the  Silurian  by  Dr. 
Roemer  was  announced  by  M.  J.  Barrande  the  following  year.  He 
compared  it  with  the  fauna  of  the  Potsdam  sandstone  of  New  York  and 
Wisconsin.' 

As  geologist  of  the  State  of  Texas,  Dr.  B.  F.  Shumard  described  in 
1861,  the  strata  referred  to  the  Potsdam  sandstone.  Of  the  fossils  col- 
lected he  describes  as  new; 

Agnostus  coloradoensis,  p.  218. 
ArioueliaB  (Bathyurus)  texanas,  p.  218. 

planus,  p.  219. 

1  Preliminary  report  on  the  Paleontology  of  the  Black  Hills.  U.  S.  Geol.  and  Geoi;.  Snrv.  of  the  Bocky 
Mountain  region,  1877,  pp.  7-11. 

'Paleontology  of  the  Black  Hills  of  Dakota.  Report  on  the  geology  and  resonrcea  of  thn  Black  HUla 
of  Dakota.  1880.  pp.  320-344. 

'  Geology  and  Mining  Industry  of  Leadville,  Colorado.  U.  S.  Geol.  Surv.,  Monograph  vol.  12,  pt.  1, 
1886.  p.  00. 

*  Description  of  new  forms  of  Upper  Camhrian  fossils.  IT.  S.  Kat.  Mns.  Proc,  vol,  13, 1890,  pp.  267- 
279. 

'Texas.  M!t  besonderer  Kiiukaicbt  anf  dentsche  Answanderiing  nnd  die  physlschen  Verhaltnlaae 
dea  Laudos  nacli  eigcnor  Beobai^htang  geschildert.    Bonn,  1849,  pp.  420-421. 

'Die  Kreidebildungon  von  Texas  nnd  ibre  organiHchou  Kiiischhiase.    Bonn,  1852. 

'  (Silur-Gebilde  in  Texas  und  am  Oboren  See.)    Koues  Jabrbacb  (iir  Miner,  1853,  pp.  446, 447. 
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CoDocephalitea  depressas,  p.  219. 

billiDgsi,  p.  220, 
Dikelocephalos  roemeriy  p.  220. 
Disci na  microscopical  p.  221. 

and  he  meutioDR  Camerella  sp.  ?,  and  Gapulus  sp.  T  (p.  221).^  He  cor- 
rotates  this  fauna  with  that  provisionally  designated  as  ''  being  very 
analogous  to  the  Potsdam  of  Iowa,  Wisconsin,  and  Minnesota,"' and 
refers  it  to  the  Potsdam  sandstone. 

In  the  collections  obtained  by  Mr.  G.  D.  Walcott  in  his  reconnais- 
sance of  the  central  area  of  Texas  the  following  species  have  been 
identified : 


Eocystites  sp.  f 

Lingola  acuminata^  Conrad. 

perattennata,  Whitf. 
Obolella  polila,  Hall. 
Triplefiia  primordialiH,  Whitf. 
Ortliis  colurudoeuais,  bliiiuiard. 

reniuicliiai  Winchell. 
Platyceras  toxannm,  Walcott. 
Bellerophon  autiquataSy  Whitf. 
Dikelocephalus     miunesoteusis, 
Owen  (T). 

belli,  Biniugs. 
Ptychaspis  granulosa,  Owen. 


Ptychoparia  occidens,  Walcott. 

affluis,  Walcott. 

burneteusis,  Walcott. 

Uauoensis,  Walcott. 

f  nietra,  Walcott. 

peroy  Walcott. 

f  urania,  Walcott. 

similis,  Walcott. 

patersoni,  Hall. 

persens  var.,  Hall. 

wisconsensis,  Owen. 
Agraulos  coavexus,  Whitf. 
Agraolos  f  sp.  f 


Chariocephalustumifrons,  H.  &  W.  IllsBnuriis  dia,  Walcott. 

This  fauna  will  be  illustrated  in  connection  with  a  review  of  the  Up- 
per Cambrian  fauna  of  North  America  now  in  course  of  preparation. 

In  1890  Mr.  Walcott'  described  the  following  new  species  from  Up- 
per Cambrian  strata  of  Burnet  and  Liauo  Counties : 

Platyceras  texauum,  p.  268. 
Ptychoparia  burnetensis,  p.  272. 

llanoensiSy  p.  21^. 

1  metra,  p.  273. 

pero,  p.  274. 
^  f  nrania,  p.  274. 

nisBnarus  f  dia.,  p.  277. 

ARIZONA. 

The  paleontologic  work  on  the  Cambrian  fauna  found  in  Arizona  has, 
thus  far,  been  confined  to  the  identification  of  the  species  discovered 
in  the  Tonto  formation  of  the  Grand  CaOon.  A  preliminary  study  of 
the  fauna  has  been  made  and  drawings  prepared  of  the  species,  but  up 
to  the  present  time  nothing  has  been  published  in  relation  to  them. 


'Tbo  Primordial  sono  of  Texan,  with  dMcriptions  of  now  fosalla.    Am.  Joar.  ikil.  2(i  8cr..  vol. 32, 
1861,  pp.  213-221. 
>0p.cit,pp.217.218. 
*  DoMriplion  of  new  forma  of  Upper  Cambt  ian  fosails.    U.  S.  Nat  Mus.  Proc..  vol  13, 1890,  pp.  2G7-270. 


OHAPTBE  III. 

NOMENCLATURE  EMPLOYED  IN  THE  DESCRIPTION  OF  THE  FOR- 
MATIONS. 

Several  considerations  are  to  be  borne  in  mind  relative  to  geologic 
nomenclature : 

(a)  The  name  in  itself  is  nothing  nnless  it  conveys  to  the  mind  a 
clear  impression  of  what  it  refers  to  and  enables  the  student  to  make  a 
correlation  between  its  entity  and  some  other  entity  that  has  another 
terminology. 

(b)  Priority  of  discovery  and  naming  should  be  sustained  by  the  proof 
of  the  accuracy  of  the  original  observations,  the  latter  to  be  judged  by 
the  testimony  of  the  formations  in  the  areas  where  they  were  first  made. 
If  the  original  proposer  of  a  name  bases  it  upon  such  errors  of  observa- 
tion and  interpretation  that  subsequent  observers  can  not  verify  his 
work,  and  the  name  can  be  used  only  by  dropping  a  name  proposed  as 
the  result  of  accurate  observation  and  definition,  the  latter  should  be 
retained  and  the  law  of  priority  should  not  be  used  to  bolster  up  an  in- 
definite term. 

(c)  Long  use  of,  and  the  general  acceptance  of,  a  well  defined  term  by 
the  scientific  world  gives  that  term  a  standing  that  even  the  claims  of  a 
half  understood,  badly  defined  term  supported  by  priority  should  not 
displace.    This  may  be  called  the  law  of  usage. 

(d)  From  the  fact  that  all  the  strata  of  the  geologic  series  do  not  ex- 
ist in  any  one  geologic  province  and  that  unconformities  between  differ- 
ent portions  of  them  are  not  contemporaneous  in  all  provinces,  it  neces- 
sarily follows  that  the  rock  series  of  any  one  geologic  province  can  not 
possibly  be  the  chronological  equivalent  of  the  rock  series  of  othei* 
provinces.  Overlappings  of  series  of  different  chronologic  age  must 
occur,  and  it  is  therefore  impossible  for  any  one  geologic  province  to 
afford  a  nomenclature  that  is  applicable  to  the  geologic  provinces  of 
the  entire  world  or  to  the  entire  geologic  series. 

(e)  Each  geologic  province  should  have  a  nomenclature  denoting  by 
name  each  formation  contained  in  it  and,  if  necessary,  the  names  to  be 
applied  to  the  groupings  of  the  formations;  but,  if  practicable,  the 
formations  and  the  grouping  of  formations  should  be  referred  to  some 
position  within  the  larger  composite  groups.  For  instance,  the  Pots- 
dam standstone  of  J^ew  York,  the  Saratoga  County  limestone,  and  the 
Dutchess  County  limestone  are  lithologically  distinct  formations,  but 
they  are  grouped  under  the  Upper  Cambrian  terrane  as  a  portion  ot 
the  Cambrian  group. 
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This  method  necessitates  the  multiplication  of  uameSfbat  if  it  insures 
accnracy  of  statement  and  meaning  it  is  much  better  than  the  use  of  a 
few  old  names  that  have  been  established  in  some  onejgeologic  province 
and  extended  over  other  upper  Cambrian  foroiations  in  other  geologic 
provinces  that  can  not  be  proved  to  be  identical  or  synchronous. 

(/)  The  study  of  the  serial  relations  among  rocks  by  the  modern 
method  is  of  as  much  importance  as  that  of  the  specific  relations  of  dis- 
tinct horizons  or  of  particular  formations.  The  serial  relations  of  one 
seriesof  rocks  in  one  province  can  be  compared  with  the  serial  relations  of 
another  group  in  another  province;  but  the  two  should  receive  separate 
names  and  be  grouped  under  the  greater  series  to  which  they  belong. 
For  instance,  the  Trenton  scries  of  Kew  York  may  be  compared  with 
the  Lebanon  series  of  Tennessee  and  united  as  a  portion  of  the  Lower 
Silurian  (Ordovician)  aud  respectively  compared  with  the  same  portion 
of  the  Lower  Silurian  (Ordovician). 

(g)  If  it  is  found  that  the  strata  included  in  a  named  formation,  ter- 
raue,  or  group  embraces  portions  of  other  formations,  terranes,  or  groups 
it  is  allowable  to  remove  portions  of  such  formations,  terranes,  or  groups 
aud  still  apply  the  original  name,  if  the  portion  remaining  is  distinct  or 
was  first  described  and  included  under  the  name. 

(h)  (xeologic  nomenclature  should,  in  all  its  parts,  be  the  natural 
expression  of  the  inter-relationships  aud  mutual  subordination  of  the 
facts  it  is  the  especial  aim  to  associate  and  systematize.^ 

CAMBRIAN. 

The  t.erm  Oambrian  was  first  introduced  to  the  attention  of  geologists 
at  the  Dublin  meeting  of  the  British  Association  for  the  Advancement 
of  Science  in  August,  1835.  A  joint  paper  was  read  by  Prof.  Adam 
Sedgwick  and  B.  I.  Mnrchison,  entitled  ^^  On  the  Silurian  and  Cam- 
brian Systems,  exhibiting  the  order  in  which  the  older  sedimentary 
«trata  succeed  each  other  in  England  and  Wales."  An  abstract  of  this 
paper  appeared  in  the  account  of  the  proceedings  of  the  British  Asso- 
ciation published  in  the  Edinburgh  New  Philosophical  Journal  for 
April-October,  1835,  page  390.  In  this  the  name  Cambrian  is  spelled 
Cumbrian,  probably  by  a  typographical  error.  The  paper  appeared  in 
1836,  in  volume  5  of  the  Reports  of  the  Association.  In  the  account  of 
the  Transactions  of  the  Sections  it  says :' 

Prof.  Se4]gwick  commcDced  by  pointing  out  the  imperfeotion  of  the  seotions  ex- 
hibited Id  the  north  of  England  and  some  portions  of  north  Wales,  in  conseqnence  of 
the  entire  want  of'continaity  between  the  Carboniferous  series  aud  the  Interior  sohis- 
toae  group.  *  •  •  Prof.  Sedgwick  then  described  in  descending  order  the  group 
of  slate  rocks  as  they  are  seen  in  Wales  and  Cumberland.  To  the  highest  he  gave 
the  name  of  Upper  Cambrian  group.  It  occupies  the  greatest  i>art  of  the  chain  of  the 
Berwyus,  where  it  is  connected  with  the  Llandeilo  flags  of  the  Silurian  system,  aud 

>Oii  the  tripartite  olassifioation  of  the  Lower  Paleozoic  xx>cks;  Charles  Lapworth,  QeoL  Hag.,  new 
series,  dec.  ii,  vol.  6,  1879,  p.  11. 
*  Brit  Assoc  Beport  for  1835,  part  2,  Trans,  of  Sections,  1836,  p.  00. 
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is  tbenoe  expanded  tbroagh  a  considerable  portion  of  8oath  Wales.  In  one  part  of 
its  course  it  is  based  on  beds  of  limestone  and  calcareous  slate,  but  on  the  whole  it 
contains  less  caloareons  matter  thai\  the  Silurian  system  and  baa  fewer  organic 
remains.  Beds  of  good  rooting  slate  occur,  and  a  perfect  slaty  cleavage  is  often 
observed  in  it  transverse  to  the  stratiiication,  but  other  parts  of  it  are  of  a  coarse 
mechanical  texture.  To  the  next  inferior  gronp  he  gave  the  name  of  Middle  Cam- 
hrian.  It  composes  all  the  higher  monntains  of  Caernarvonshire  and  Merionethshire, 
and  abounds  in  fine  roofing  slate,  alternating  with  and  apparently  passing  into  ir- 
regularly int-erstratified  masses  of  porphyry.  Some  portions  of  it  are  coarse  and  me- 
chanical, and  it  contains  (for  example  at  the  top  of  Snowdon)  a  few  organic  remains 
and  a  few  samples  of  highly  calcareous  slates,  but  no  continuous  beds  of  limestone. 
The  same  group,  with  the  same  mineral  strncturoj  and  in  the  same  position,  but  with 
out  organic  remains,  is  greatly  developed  in  Cumberland.  The  Lotcer  Cambrian 
group  occupies  the  southwest  coast  of  Caernarvonshire  and  a  considerable  portion  of 
Anglesea ;  it  consists  chiefly  of  chlorite  schist,  passing  here  and  there  into  mica  schist 
and  slaty  quartz  rock  and  contains  subordinate  masses  of  serpentine  and  white  gran- 
ular limestone.    It  contains  no  organic  remains. 

In  this  first  description,  Arcbean  rocks  are  included  in  the  lower 
division }  the  Middle  Cambrian  embraces  the  roofing  slates,  and  the 
Cambrian  group  as  now  generally  accepted;  while  the  Upper  Cambrian 
included  much  of  the  Lower  Silurian  of  Sir  E.  I.  Murchison,  or  the 
Ordovician  of  Prof.  Charles  Lapworth. 

At  a  meeting  of  the  Geological  Society  of  London  in  the  spring  of 
1838,  Prof.  Sedgwick  read  a  paper  entitled  "A  Synopsis  of  the  English 
series  of  stratified  rocks  inferior  to  the  Old  Eed  sandstone,  with  an 
attempt  to  determine  the  successive  natural  groups  and  formations."^ 
When  describing  the  sections  of  Korth  Wales,  etc.,  the  chlorite  slat^, 
quartz  rock,  and  mica  slates  of  Anglesea  and  Caernarvonshire  are  not 
included  in  the  Cambrian  as  was  done  in  1835.'  The  Lower  Cambrian 
system  includes  the  old  slate  series  of  Caernarvonshire  and  Merioneth- 
shire, and  ends  with  the  calcareous  beds,  which  range  from  Bala  to  the 
neighborhood  of  DinasMowddy. 

The  next  gronp,  the  Upper  Cambrian  series,  commences  with  the  fossiliieroas  beds 
of  Bala.  It  includes  all  the  higher  portion  of  the  Berwyns,  and  all  the  slate  rocks 
of  South  Wales,  which  are  below  the  Silurian  system.  *  •  •  Many  of  the  fossUs 
are  identical  in  species  with  those  of  the  lower  division  of  the  Silurian  syatom,  noi 
have  the  true  distinctive  zoological  characters  of  the  gronp  been  well  ascertained. 

In  this  arrangement,  the  Lower  Cambrian  of  1835  is  referred  to  the 
primary  stratified  group,  to  which  he  gave  the  provisional  name  of  Pro- 
tozoic' 

It  is  further  stated  that  at  the  north  end  of  the  Berwyn  chain  the 
Upper  Cambrian  appears  to  pass  by  insensible  gradations  into  the 
lower  division  of  the  upper  system,  the  Caradoc  sandstone.  Prof. 
Sedgwick  does  not  appear  to  have  been  aware  at  this  time  that  his  Bala 
series  was  a  portion  of  Murchison's  Lower  Silurian,  as  described  by  the 
latter  in  1835. 

Many  geologists  have  insisted  upon  restricting  the  Cambrian  to  the 
Lower  Cambrian  of  the  scheme  of  1835,  which  Prof.  Sedgwick  cut  off 

'  Proo.  QeoL  Soc.,  London,  voL  2, 1838,  pp.  675-685.  *  Op.  oit,  p.  686.  ■  Op.  dt.,  p.  084. 
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io  the  revision  of  1838.  It  is  also  well  to  notice  that  the  Cambrian  of 
1838  inclades  exactly  the  same  representative  formations  as  Emmons's 
Taconic  System  of  1842-1860,  or  the  Cambrian  and  Lower  Silurian 
(Ordovician)  as  now  known. 

In  1852  we  find  the  Lower  Cambrian  divided  iuto  theFestiniog  group 
above  and  the  Bangor  below.  The  Bangor  group  is  composed  of  the 
lilanberris  slates  and  Harlech  grits;  and  the  Festiuiog  group  of  the 
Lingula  flags,  Tremadoc  slates,  and  Arenig  slates  and  porphyry,  the 
whole  having  a  thickness  of  10,000  feet  The  Upper  Cambrian  includes 
the  Bala  group,  which  was  divided  into  the  Lower  and  Upper  Bala, 
with  a  thickness  of  8,000  feet.  Above  this  the  Caradoc  sandstone, 
limestone,  and  shale  of  the  Silurian  occur  with  a  thickness  of  1,500 
feet.1 

In  the  paper  on  the  Caradoc  sandstone  of  Shropshire,  by  Messrs.  J. 
W.  Salter  and  W.  T.  Aveline,  it  is  stated  that  the  fossils  of  the  supposed 
typical  Caradoc  sandstone  are  identical  in  species,  and  in  association 
and  proportionate  numbers  of  the  prevailing  species,  with  those  of  the 
Bala  group ;  and  there  is  no  admixture  of  other  or  new  forms,  or  of 
those  characteristic  of  higher  parts  of  the  system.'  By  priority  of 
definition  and  description,  the  Llandeilo  and  Caradoc  beds  belong  to 
Murchison's  Silurian  system;  and  the  Bala  series  of  Sedgwick  are 
stratigraphically  andpaleontologically  the  equivalents  of  the  Llandeilo 
and  Caradoc  series.  They  were  fairly,  removed  from  the  Cambrian 
system  by  the  work  of  Messrs.  Murchison,  Sedgwick,  and  Salter;  and 
in  1854  the  Cambrian  system  included  of  the  original  Cambrian  the 
middle  member  only,  the  lower  division  having  been  removed  by  Prof. 
Se<lgwick  in  1838.  The  distinguished  founder  of  the  Cambrian  system 
did  not  admit  the  exclusion  of  the  Bala  series  from  the  Cambrian,  but 
with  all  the  facts  assembled,  as  in  a  recent  paper  by  Prof.  J.  D.  Dana,^  I 
think  we  are  compelled  to  restrict  the  Cambrian  to  the  original  middle 
division. 

The  last  tabulation  given  by  Prof.  Sedgwick  of  his  Cambrian  system 
appeared  in  the  preface  of  Mr.  J.  W.  Salter's  Catalogue  of  Cambrian 
and  Silurian  Fossilsiu  1873,  as  follows:  ^ 


(  Upper  Bala. 
i  Middl 


Cambrian :  < 


Upper <  Middle  Bala. 

f  Lower  Bala. 

{Arenig  or  Skiddaw* 
Tremadoc. 
Ffefltiniog. 
Menevian. 
^Harlech. 
Bangor. 
Longmynd. 
^LlanberriB. 


^Lower < 


*  On  the  olaMiftoatioii  and  nomenolatare  of  the  Lower  Paleozoic  rocks  of  England  and  Wale«> 
Qnart  Joar.  6eol.  Soo.,  London,  vol.  8, 1853,  p.  147. 

' On  the  "Caradoc  Sandstone"  of  Shropshire.    Qnart  Jour.  Oeol.  Soo.,  London,  vol.  10, 1853,  p.  63. 

■Sedgwick  and  Hnrohison ;  Cambrian  and  Silurian  ;  Am.  Jonr.  ScL,  3d  ser.,  voL  39, 1890,  pp.  107-18(1. 

^(On  the  classification  of  tho  Cambrian  rockn).  "Preface  to  a  Catalogue  of  the  Collection  of  Cam. 
brian  and  Silnrian  fossils  contained  in  the  Geological  Moseam  of  the  University  of  Cambridge,"  by  J- 
W.Salter,  1873,  p.  XT. 
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With  the  exception  of  the  Bala  and  Arenig  series  the  system  is  essen- 
tially the  same  as  that  generally  accepted  by  the  English  geologists  at 
the  present  day. 

As  geologist  of  Tennessee,  Dr.  Gerard  Troost  read  Sir  B.  1.  Marchi- 
sou's  Siluria,  and  also  the  observations  of  Prof.  Sedgwick  on  the  Cam- 
brian rocks  of  Wales.  Discussing  the  changes  in  nomenclature  made 
necessary  in  expressing  the  views  of  Messrs.  Murchison  and  Sedgwick, 
he  says  in  1841 :  ^ 

After  having  poiDted  oat,  in  my  last  report,  the  line  of  Jnnction  of  the  primordial 
or  crystalline  rooks  in  East  Tennessee,  I  mentioned  that  the  coantry  west  of  the  line 
which  separates  Tennessee  from  the  State  of  North  Carolina  is  composed  of  gray- 
waeke,  slate,  limestone,  etc.  AH  this  country,  according  to  the  views  of  Murchison 
and  Sedgwick,  belongs  to  a  new  divisioD,  which  they  call  the  Cambrian  system. 

He  then  proceeds  to  describe  the  geographic  distribution  of  the  rocks 
that  he  referred  to  the  Cambrian  system,  identifying  the  series  in  Ten- 
nessee with  that  of  Wales  entirely  upon  its  lithologic  characters  and 
the  absence  of  organic  remains,  and  from  the  fact  of  its  being  suc- 
ceeded by  a  series  of  limestones  from  which  he  obtained  and  identified 
Silurian  fossils. 

The  presence  of  the  equivalent  of  the  Cambrian  system  in  America 
was  clearly  recognized  by  Dr.  E.  Emmons,  who,  in  1844,  wrote: 

There  are,  however,  if  I  understand  Mr.  Sedgwick  and  Mr.  Murchison,  rocks  stiU 
lower;  those  which  are  now  considered  by  them  as  metamorphic.  They  are  the 
lower  masses  which  I  considered  as  equivalent  to  the  Taconic  rocks ;  the  Lower 
Cambrian  of  Sedgwick,  and  not  the  Upper,  which  latter  I  proved  to  belong  to  the 
New  York  system.  That  the  Taconic  slate  is  precisely  that  in  which  the  Nereites  in 
Wales  occur,  there  is  not  the  slightest  doubt  in  my  own  mind,  and  this  is  that  part  of 
the  Taconic  system  which  we  can  see  lying  nnconformably  beneath  the  oldest  mem- 
ber of  the  New  York  system,  and  hence  of  the  Silurian  also.  I  know  not,  however, 
whether  in  Wales  the  same  limestones,  slates,  and  quartz  rocks  are  to  be  found  which 
we  have  here,  and  which  are  the  oldest  parts  of  the  Taconic  system.  These  are  facts 
to  be  determined.  Their  non-existence  in  Wales,  however,  does  not  destroy  the  sys- 
tem. Very  important  members  are  known  there,  and  should  the  lower  slates  and 
quartz  be  found  wanting,  it  only  proves  the  absence  of  that  development  which  is  so 
well  known  here  in  New  York,  Massachusetts,  Vermont,  and  Maine,  and  I  may  add,  in 
Michigan  also.' 

Under  the  influence  of  the  publications  of  Sir  B.  I.  Murchison,  Amer- 
ican geologists,  other  than  Drs.  Troost  and  Emmons  and  the  latter's  fol- 
lowers, classified  all  the  Lower  Paleozoic  rocks  under  Lower  Silurian, 
entirely  ignoring  Cambrian  except  to  state  that  it  was  equivalent  to  the 
Lower  Silurian.  In  1872,  however,  Dr.  T.  S.  Hunt  published  his  history 
of  the  names  Cambrian  and  Silurian  in  geology,  advocating  the  recog- 
nition of  the  term  "  Cambrian."' 

>  Sixth  annnal  report  of  the  geological  sarvey  of  TennesAee  by  the  State  geologist.    NaBhTille^  18A1, 
p.  171,  doc.  ed.,  p.  4  of  special  ed. 

>  The  Taconic  System,  1844,  p.  y. 

"Canadian  Nataralist,  new  ser.,  toI.  6, 1872,  pp.  281-812,  417-448.    Geological  liagadne,  toL  10,  pp. 
88&-395,  453-461,  504-510,  561-568,  1878. 
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The  view  of  Dr.  Hunt  was  concarred  in  by  Sir  J.  W.  DawsoD,  who  in 
1872  wrote  as  follows : 

I  oonoar  in  the  view  that  it  may  well  have  the  name  Silnro- Cambrian,  while  the 
name  Cambrian  or  Primordial  will  remain  for  those  great  and  important  fossiliferous 
dopoeits  extending  downward  from  the  Potedam  in  America  and  the  Tremadoc  in 
England,  and  conatitnting  an  imperishable  monument  to  the  labors  of  Sedgwick  and 
Barrande.^ 

A  notice  of  the  proposed  change  from  '<  Potsdam  or  Primordial "  of 
the  first  edition  of  Dana's  Manual  of  Geology  to  *' Primordial  or  Cam- 
brian" in  the  second  edition,  was  published  in  1874;'  and  the  term  was 
Qsed  in  a  subordinate  sense  in  another  edition  of  the  Manual  of  Geology 
(1876)  as  a  subdivision  of  the  Lower  Silurian  (p.  163). 

The  term  '^  Cambrian  "  came  into  general  use  in  the  Canadian  and  For- 
tieth Parallel  Surveys  and  in  the  H.  S.  Geological  Survey  in  1882. 
With  the  exception  of  a  few  that  prefer  to  use  Taconic,  the  term  is  gen- 
erally employed  by  geologists  of  all  countries. 

Most  of  the  English  geologists  of  the  present  time  draw  the  line  be- 
tween the  Cambrian  and  Silurian  at  the  summit  of  the  Tremadoc  and 
the  base  of  the  Arenig  teiranes.  From  a  study  of  the  list  of  genera  and 
species  of  the  fauna  of  the  Lower  and  Upper  Tremadoc  slates,  I  think 
that  the  line  of  demarkation  between  the  two  systems  would  naturally 
fall  between  these  two  subdivisions  of  the  Tremadoc.  The  fauna  of  the 
Lower  Tremadoc,  in  its  general  faeies,  is  essentially  the  type  of  the 
Cambrian  fauna,  and  there  are  only  a  few  genera  and  species  more  char- 
acteristic of  the  Silurian.  The  large  fauna  of  the  Upper  Tremadoc  slate 
is  characteristic  of  the  Lower  Silurian  and  the  presence  of  a  few  genera 
and  species  of  essentially  Cambrian  type  are  not  sufficient  to  include  it 
in  the  Cambrian.  The  fact  that  there  is  a  slight  unconformity  at  the 
summit  of  the  Tremadoc  and  the  base  of  the  Arenig  is  not  of  sufficient 
general  importance  to  warrant  the  placing  of  the  line  of  demarkation 
between  the  groups  at  this  horizon. 

In  a  table  showing  the  classification  of  the  British  sedimentary  rocks, 
by  Prof.  A.  J.  Jukes  Browu,^  the  Tremadoc  slates  are  placed  in  a  stage 
between  the  Cambrian  and  Ordovician. 

This  view  of  the  Tremadoc  slates  was  held  by  Mr.  J.  W.  Salter/  who 
wrote: 

Bat  a  few  words  mast  be  said  aboat  this  band  of  slate,  whioh  so  intimately  con- 
nects the  Lingola  fla^  below  with  the  rocks  above,  and  which  is  nevertheless  so  dis- 
tinct in  fossil  characters  from  either. 

>C«nML  Nat.,  new  aer.,  toL  7, 1873,  p.  7. 

*I>uia,  J.  D.  BeMOOB  for  some  of  the  chAogee  in  the  sabdivisione  of  geologioAl  Umo  in  the  new 
edition  of  Dana's  Hannal  of  Geology.    Am.  Jonr.  Sci.,  3d  ser.,  toI.  8, 1874.  p.  213. 

'The  elassitlcation  of  stratified  rocks.    Geol.  Mag.,  new  ser.,  dec.  in,  vol.  2,  1885,  p.  297. 

^Memoirs  of  the  Geological  Snrrejs  of  Great  Britain.  Geology  of  North  Wales,  second  edilioD. 
4881,  p.  35S. 

Bull.  81 IQ 
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Dr.  Henry  Hicks  ^  says  of  it : 

The  Tremadoo  groap,  therefore,  may  be  said  through  many  of  it«  t3rpe8  of  fossils  to 
link  the  Cambriaa  and  the  overlying  Ordovician  (Lower  Silurian)  formations  to- 
gether, while  it  yet  marks  very  distinctly  the  horizon  in  whioh  all  the  troly  oharao- 
teristic  types  in  the  Primordial  fannaa  are  lost. 

TAGONIO. 

The  first  proposition  to  apply  the  name  Taconic  to  a  system  or  series 
of  rocks  is  found  in  a  gazetteer  of  the  State  of  New  York,  published  in 
1842.^  The  article  is  unsigned,  but  it  bears  internal  evidence  of  having 
been  written  by  Dr.  Ebenezer  Emmons  as  his  first  presentation  of  the 
views  which  were  more  fully  elaborated  and  published  later  in  the  same 
year.  He  describes  the  Taghkauic  range,  and  states  that  the  rocks 
composing  the  same  are  situated  between  the  gneiss  of  Hoosic  Moun- 
tain on  the  east  and  the  slates  of  the  transition  on  the  west;  that  they 
bear  a  very  close  resemblance  to  the  primary  on  the  east,  and,  on  the 
other  hand,  a  great  similarity  to  the  transition  slates  on  the  west.^ 

He  says : 

It  is  not  proposed  iu  this  plan  to  separate  these  rocks  from  the  primary,  but  to 
consider  them  as  belonging  to  the  upper  portion  and  to  speak  of  them  as  the  TagU- 
kanic  rocks,  or  perhaps  as  theTaghkanic  system.  •  •  •  Considering  them  for  the 
present  as  belonging  to  the  upper  portion  of  the  primary,  the  Taghkauic  rocks  will 
be  composed,  first,  of  a  peculiar  talcose  slate,  or  a  magnesian  slate  in  part;  in 
other  parts  it  is  plumbaginous,  which  strongly  soils  the  fingers.  •  •  *  Second,  of 
white,  gray,  and  clouded  limestone  varying  iu  texture  from  fine  to  coarse  granular, 
often  interlamiuated  with  slate,  the  latter  often  merely  coloring  the  limestone  so  as 
to  impart  the  clouded  appearance.  »  *  *  Third,  of  granular  quartz,  or  a  bandstone 
generally  siliceous  and  of  a  brown  color.** 

Iu  the  concluding  remarks  on  the  Taghkauic  system,  we  read : 

Ou  the  whole,  in  regard  to  those  rocks  we  have  denominated  *'  Taghkauic,"  we  be- 
lieve thoy  ought  to  be  separated  from  those  on  the  east,  being,  as  a  whole,  clearly 
distinct  from  them.^ 

A  second  memoir  appeared  in  1842,  in  which  the  term  *'Taghkanic  ^  is 
changed  to  Taconic,  aud  a  detailed  description  given  of  the  geographic 
distributiou  and  character  of  tbe  rocks  forming  the  Taconic  system. 
A  typical  section  is  presented  with  the  following  comment  :• 

The  following  section,  extending  from  Petersbnrgh,  Rcnsstelaer  County,  to  Adams, 
Massachusetts,  embraces  all  the  rocks  in  this  system.  Its  direction  is  nearly  east 
and  west,  or  perpeudicular  to  the  strike  of  the  system  over  which  it  passes. 


1  On  borae  recent  rtjsearohea  among  L^wer  Paleozoic  rooks  in  tbe  British  Islands.  Proc.  of  the 
Geologists'  Association,  toL7,  p.  9. 

'Topogiaphy.  geolojiry,  and  mineral  resoarces  of  the  State  of  New  York.  Gazetteer  of  the  State  of 
Xew  York,  by  James  DistumelL    Albany,  1842,  pp.  6-25. 

*Op.cit.,  p.ll. 

*  Op.  cit.,  p.  11. 
•Op.  ©it,  p.  12. 

*  Geology  of  New  York,  part  2,  comprising  the  survey  of  the  2d  geolpgioal  (northern)  district)  1842, 
p.  U5. 
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In  1844,  a  separate  memoir  ^  was  published  in  which  a  great  addition, 
was  made  to  the  Taconio  system  west  of  the  Petersburg  end  of  the 
section  of  1842.  This  addition  was  in  1856' separated  as  the  Upper 
Taconic 

TACONIAN. 

This  name  was  proposed  by  Dr.  T.  S.  Hunt,  in  1877,  to  include  the 
Lower  Taconic  of  Dr.  Emmons,^  or  the  Granular  Quartz,  Berkshire 
limestone,  and  Taconic  slates  of  the  latter's  typical  Taconic  section  of 
1842.  At  the  time  of  the  proposal  of  the  name  the  author  was  uncer- 
tain whether  the  strata  included  under  it  should  be  referred  to  the  basal 
beds  of  the  Cambrian  or  to  a  preCambriau  system  of  rocks. 

In  a  later  paper  he  refers  the  Tacouian  system  of  the  Appalachians 
to  a  pre-Cambrian  horizon  as  compared  with  the  Cambrian  rocks  from 
thatregion.  This  is  stated  by  him  as  follows:  '^TbisAppalachianCam- 
briau  series  is  wholly  uncrystalline,  and  is  separated  from  the  Taconian 
by  a  stratigraphical  break,  and  by  a  great  intepval  of  time,  which  in- 
cludes the  Keweenian  period."^  As  we  now  know  that  the  Granular 
Quartz  is  characterized  by  the  Lower  Cambrian  or  Olenellus  fauna,  the 
Berkshire  or  Stockbridge  limestone  by  the  Ghazy-Trenton  and  perhaps 
at  its  base  by  an  Upper  Cambrian  fauna,  and  the  original  Taconic  slate 
of  the  Lower  Taconic  of  Dr.  Emmons  is  correlated  by  its  stratigraphic 
position  with  the  Hudson  shales,  the  term  Taconian  ceases  to  be  of 
value  in  geologic  nomenclature. 

PRIMORDIAL. 

This  name  was  used  by  M.  J.  Barrande  to  designate  the  First  fauna, 
in  contradistinction  to  the  Second  and  Third.' 

The  name  was  applied  at  first  to  the  fauna,  but,  in  1854,  in  the  first 
edition  of  '<  Siluria,"  Sir  Eoderick  Murchison  designated  the  formation 
containing  the  Primordial  fauna  as  the  Primordial  Silurian,  dividing 
the  Silurian  into  the  Upper  Silurian,  the  Lower  Silurian,  and  the 
Primordial  Silurian.  The  use  of  the  latter  term  has  been  advocated  more 
or  less  by  those  who  oppose  the  use  of  the  term  Cambrian;  but  the 
name  Primordial  is  now  rarely  used  except  when  mentioning  the  First 
fauna  of  Barrande. 

I  The  Taconic  Systfem ;  based  on  ohseryations  in  New  York,  MaMachnaelts,  Vermont,  and  Bhode 
Island.    Albany,  1844,  pp.  i-vli.  G7. 

>  Emmons,*  Ebeueser.  American  Geology,  containing  a  fuJl  statement  of  the  pzinolples  of  the 
science,  with  fuU  illustraUons  of  the  characteristic  American  fossils.    Albany,  1856,  voL  1 ,  pt  2,  pp.  49-M. 

*  On  the  fceology  of  the  Eosoic  rocks  of  North  America.  (Abstract).  Boston  Soc.  Nat.  Hist.,  toI.  19 
1878,  p.  278. 

'Hant,  T.  Sterry.  The  Taconio  Question  in  Geology.  Mineral  Physiology  and  Physiography.  A 
second  series  of  chemical  and  geological  essays.    With  general  introduction.    1886,  p.  677. 

*Sy*t^me  Silnrien  da  centre  de  la  Boh^me,  toL  1, 1852,  p.  88. 
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POTBDAM. 

There  are  several  early  references  to  a  sandstone  occurring  at  the 
base  of  the  section  in  the  Upper  Mississippi  Valley  and  about  the  Adi- 
rondack Mountains  in  New  York ;  but  it  was  not  until  1838  that  it  was 
well  defined  and  given  a  distinct  name.  This  was  done  by  Dr.  E.  £m- 
nrons.    In  describing  this  sandstone.  Dr.  Emmons  says :  ^ 

I  shall  not  enter  upon  ite  geological  relations  any  farther  than  to  state  that,  in 
Potsdam  and  other  towns  in  which  it  appears,  it  uniformly  rests  on  the  primary 
strata ;  and  in  no  part  of  the  county  is  there  any  rook  which  interposes  itself  between 
it  and  the  primary,  so  that  it  appears  here  as  the  oldest  representative  of  the  transi- 
tion series.  The  identification  of  this  rock  with  the  sandstones  along  the  southern 
border  0|f  Lake  Ontario  will  be  a  matter  of  some  difficulty.  It  is  geologically  below 
the  transition  limestone,  and  never  in  the  northern  district  alternates  with  it,  but 
always  holds  the  relation  of  an  inferior  rock.    *    *    * 

This  rock  is  a  trne  sandstone,  of  a  red,  yellowish  red,  gray,  and  grayish  white  colors. 
It  is  made  up  of  grains  of  sand,  and  held  together  without  a  cement.  Intermixed  with 
the  siliceous  grains  are  finer  particles  of  yellowish  feldspar,  which  do  not  essentially 
change  the  character  of  the  sandstone,  but  they  show  the  probable  source  from  which 
the  materials  forming  it  were  originally  derived,  viz,  someof  the  varieties  of  granite 

On  the  Lake  Ghamplain  side  of  the  Adirondacks  it  is  described  as 
follows: 

Its  position  is  evidently  beneath  the  transition  limestone  and  oalciferous  sandrock. 
It  is  very  deficient  in  organic  relics,  though  not  entirely  destitute  of  them.  Is  is 
unnecessary  to  repeat  what  has  already  been  said  of  this  rock ;  it  is  purely  quartzose 
or  siliceous  in  its  composition  and  finely  stratified.  It  dips  to  the  northeast  at  Port 
Kent  at  an  angle  varying  from  5°  to  1(P,  The  places  where  it  occurs  along  Lake 
Champlain  are  indicated  on  a  map  of  a  part  of  this  [Clinton  County],  to  which  I  refer 
the  reader.  This  rook  at  Keeseville  has  been  rent  in  the  most  remarkable  manner; 
sever&l  fissures,  the  principal  one  of  which  extends  nearly  a  mile,  and  through  which 
the  An  Sable  flows,  have  been  opened  by  some  convulsion  in  nature  to  the  depth,  in 
some  places,  of  a  hundred  feet  and  from  five  to  twenty  wide.  Near  the  bottom  of  the 
fissure  at  High  Bridge,  as  it  is  called,  I  discovered  numerous  specimens  of.  a  small 
bivalve  molasca,  a  liugnla.  I  found,  also,  on  examination,  that  the  same  fossil 
occurred  through  an  extent  of  70  feet  at  least,  and  so  far  as  1  could  discover,  it  was 
the  only  fossil  inclosed  in  the  rock.  li  is  extremely  thin  and  delicate,  yet  the  shell 
is  perfectly  preserved,  and  is  probably  one  of  the  oldest  inhabitants  of  the  globe,  as 
the  rock  in  which  they  occur  is  the  oldest  of  the  transition  series.* 

The  name  ^'  Potsdam  sandstone"  was  quickly  accepted  by  the  New 
York  State  geologists,  incorporated  in  their  annual  reports,  and  used  in 
the  final  report  on  the  geology  of  the  State.  The  extension,  by  corre- 
lation, of  the  name  to  the  Soathem  Appalachians,  through  Pennsyl- 
vania, Virginia,  North  Garolina,  Tennessee,  and  Alabama ;  westward 
through  the  Mississippi  Valley  and  the  Bocky  Mountains,  and  north 
into  Canada,  and  down  the  St.  Lawrence  Valley,  rapidly  followed,  until 
the  name  Potsdam  is  now  used  to  typify  the  Upper  Cambrian  zone  in 
all  parts  of  A^merica. 

'  Beport  of  the  geologUt  of  the  2d  geological  district  of  New  York.    Second  umiul  report  of  the  Ge<^ 
logical  Sarrey  of  N.  T.    Albaa7, 1838,  pp.  21i  319. 
*Opwoit.,p.a80, 
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ST.  OBOIX. 

The  name  St  Oroix  was  proposed  by  Prof  N.  H.  Winchell  in  1873 
for  the  fossiliferoas  sandstone  beneath  the  Lower  Magnesian  limestone 
of  the  Mississippi  Valley.  The  reason  given  is  that  the  sandstone  iden- 
tified by  Dr.  D.  D.  Owen  as  the  Potsdam  sandstone  is  nnconformably 
superjacent  to  a  series  of  quartzites  in  Wisconsin  and  Minnesota  that 
are  the  true  eqnivalents  of  the  Potsdam  sandstone  of  New  York.^ 

The  presence  of  the  same  fauna  in  the  typical  Potsdam  sandstone  on 
the  northern  side  of  the  AdiEondack  Mountains  as  that  fonnd  in  the 
upper  sandstone  of  St.  Oroix  Falls  negatives  this  view  and  correlates 
the  sandstones  that  are  nnconformably  superjacent  to  the  lower  quartz- 
ites with  the  typical  Potsdam,  and  refers  the  lower  quartzites  to  the 
Algonkian.  The  name  St.  Oroix,  however,  is  retained  for  the  fossiliferons 
Cambrian  sandstones  of  the  upper  Mississippi  Valley  in  Wisconsin, 
Iowa,  and  Minnesota. 

MADISON. 

The  name  Madison  sandstone  was  proposed  by  Prof.  B.'D.  Irving,' in 
1877,  for  a  band  of  sandstone  consisting,  in  large  part,  of  nearly  pure 
white  quartz  sand,  with  a  thickness  of  35  to  50  feet,  and  lying  between 
the  base  of  the  Magnesian  limestone  of  the  Lower  Silurian  (Ordovician) 
and  the  Mendota  limestone  in  Wisconsin. 

MENDOTA. 

This  name  was  proposed  by  Prof.  B.  D.  Irving,  in  1877,  for  a  cal- 
careous stratum  near  the  upper  portion  of  the  ^'  Potsdam  "  formation  of 
Wisconsin.  It  is  formed  of  alternating  sandy  and  calcareous  material 
that,  in  the  upper  portion,  is  almost  a  well  marked  and  very  persistent 
yellow  limestone  layer,  with  a  thickness  of  30  feet' 

TONTO. 

This  name  was  applied  by  Mr.  O.  K.  Gilbert,  in  1874,^  to  a  series  of 
sandstone  anc^  shale  between  the  subjacent  granite  and  the  superjacent 
massive  limestones  that  occur  in  the  section  at  the  mouth  of  the  Grand 
Oanou  of  the  Oolorado  River,  Arizona.  He  considered  the  formation 
of  Piimordial  age,  and  it  has  since  been  fonnd  to  contain  an  Upper 
Oambrian  fauna.  It  was  more  fully  described  by  him  in  the  following 
year.* 

*  Qeneral  sketch  of  the  geology  of  Minnesota.    Geol.  and  Nat  Hist  Sarrey,  lilnnesota,  1st  Ann. 
Rep.  for  1872|  1873,  pp.  7^72. 

*  The  Lower  Silurian  rocks.    (Qeology  of  central  Wisconsin.)    GeoL  Wisconsin,  survey  of  1673-1879. 
?ol.  2, 1877,  p.  526. 

*  Ibid..  526. 

«  On  the  a«;e  of  the  Tonto  sandstone.    (Abstract)    Washington  Phil.  Soo.  Ball.,  toI.  1, 1874,  p.  108. 

*  ExploratioBS  and  survoys  west  of  the  100th  ICerid.,  voL  8, 1875,  p.  163 ;  pp.  521-622. 
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HAMBUBG. 

The  Hambarg  limestone  and  the  Hamburg  shale  are  names  used  by 
Mr.  Arnold  Uagae,  in  1881,  to  designate  the  Upper  Cambrian  limestone 
and  shale  of  the  Cambrian  section  of  the  Enreka  district,  Nevada.  The 
limestone  is  superjacent  to  the  Secret  Canon  shale  and  subjacent  to 
the  Hamburg  shale.  The  latter  is  characterized  by  a  well  developed 
Upper  Cambrian  fauna.^ 

8EGBBT  OANON. 

This  name  was  applied  by  Mr.  Arnold  Hague,  in  1881,  to  a  band  of 
shale  in  the  Cambrian  section  of  the  Eureka  district,  superjacent  to  the 
Prospect  Mountain  limestone  and  subjacent  to  the  Hamburg  limestone, 
characterized  by  a  fauna  that  may  be  referred  to  the  upper  portion  of 
the  Middle  Cambrian.' 

EATEMOY. 

Prof.  Theodore  B.  Comstock,  in  describing  the  Upper  Cambrian  rocks 
of  the  central  area  of  Texas,  proposed  the  name  ^'Katemcy"  for  the 
''Potsdam  series,''  or  Upper  Oambrian.(t)'  This  terrane  is  named  from 
the  beds  exposed  in  the  valley  of  Katemcy  Creek,  Mason  County. 

BILEY. 

This  name  was  proposed  by  Prof.  Theodore  B.  Comstock,  for  a  series 
of  sandstones  which  he  considered  to  be  superjacent  to  the  Hickory 
series  of  the  Central  Texas,  Cambrian  section,  and  subjacent  to  the 
Katemcy  or  Potsdam  series.  He  referred  it  provisionally  to  the  Middle 
Cambrian  zone.^ 

HIGKOBY. 

This  name  was  proposed  by  Prof.  Theodore  B.  Comstock,  for  a  series 
of  strata  that  he  considered  to  underlie  the  typical  Potsdam  Sandstone 
of  the  central  Texas  section.  He  referred  the  series  provisionally  to 
the  Lower  Cambrian.^ 

CONNASAUGA. 

This  name  was  proposed  by  Mr.  C.  Willard  Hayes,  for'the  Cambrian 
shales  at  the  summit  of  the  Cambrian  section  in  northwestern  Georgia. 
He  correlated  it  with  the  Knox  shale  of  Safford's  Tennessee  section, 
assigning  to  it  a  thickness  of  1,600  to  2,000  feet.^ 


I  Beport  (on  work  in  Eureka  District).    IT.  S.  €^1.  Sarr.,  2d  Ann.  Bep.,  188P-'81, 1881,  p.  S7 ;  8d  Apu 
Bep.,  1888,  p.  255. 
sn)id.,pp.27,253. 

*  Comstock,  T.  B. :  A  preliniinsry  report  on  the  geology  of  the  eentral  mineral  region  of  Texas. 
First  Ann.  Kept  GeoL  Snnr.  Texas,  1888,  p.  288. 

« Ibid.,  p.  288. 
•Ibid.,  p.  285. 

*  The  oTorthmst  faults  of  the  sonthem  Appalachians.    BnlL  Qeol.  Soe.  Amerioak  ▼oL  2,  Feb.  1881,  p» 
148,  pL  3. 
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This  Daroe  seems  to  be  a  synonym  of  Montevallo  shales  proposed  by 
Prof  Eugene  A.  Smith. 

MONTEVALLO, 

# 

The  name  Montevallo,  or  Ghoccolocco,  shales  was  proposed  by  Prof. 
Kiigece  Smith,  for  a  series  of  sandy  shales  of  a  great  variety  of  colors, 
such  as  olive,  green,  brown,  chocolate,  yellowish,  etc,  that  occur  above 
the  Coosa  shales  in  northeastern  Alabama.^ 

This  name  appears  to  be  equivalent  to  Gonnasanga  shales  proposed 
by  Mr.  O.  Willard  Hayes. 

CHOCOOLOCOO. 

This  is  apparently'a  synonym  of  Montevallo. 

COOSA. 

The  name  Ooosa  shales  was  proposed  by  Prof.  Eugene  A.  Smith  for 
the  shales  in  the  Goosa  Valley  at  the  base  of  the  Cambrian  section. 
They  are  described  as  thin-bedded  limestones  with  clay  seams  be- 
tween.* 

This  name  is  also  used  by  Mr.  G.  Willard  Hayes  in  a  paper  read  be- 
fore the  Geological  Society  of  America,  December  29,1890,  and  pub- 
lished February  9, 1891.  It  was  applied  to  the  series  of  shales,  some 
3,000  feet  in  thickness,  occurring  at  the  base  of  the  Gambrian  section 
in  northwestern  Georgia.^ 

BOME  SANDSTONE, 

This  name  was  proposed  by  Mr.  C.  Willard  Hayes  for  a  sandstone  of 
Gambrian  age  occurring  at  Rome,  Georgia.  In  connection  with  the 
Weisner  quartzite  it  is  given  a  thickness  of  from  2,000  to  3,500  feet. 
The  correlation  is  with  the  Knox  sandstones  of  Tennessee.* 

« 

BRETONIAN. 

This  name  is  applied  by  Mr.  G.  F.  Matthew  to  the  upper  series  of 
Gambrian  rocks  as  found  in  the  vicinity  of  St.  John,  New  Brunswick, 
and  on  the  island  of  Gape  Breton,  where  the  fauna  of  the  division  is 
well  developed.  It  will  be  arranged  as  an  Upper  Gambrian  forma- 
tion.' 


■  Geological  stmctim  and  description  of  the  valley  region  adjacent  to  the  Cahaba  Coal  Field.  GeoL 
Sarr.  Alabama.     Report  on  the  Cahaba  Coal  Field,  pt  il,  1890,  p.  148.     (leaned  Janaary,  1891. ) 

sibid.,p.l4& 

'The  overthnist  ISanlts  of  the  Southern  Appalaciana.  BaU.  GeoL  Soc  America,  toL  2,  Feb.,  1891, 
p.  143,  pi.  8. 

«Ibld.,p,148. 

*  nioatrationa  of  the  Cmuw  of  the  St.  John  gronp,  Ka  5.  Trans.  Roy.  Soo.  of  Canada^  toL  8, 1880y 
».129L 
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AOADTAN. 

Tbe  name  Acadian  was  proposed  by  Sir  J.  W.  Dawson  iii  1807  foi 
the  series  of  rocks  represented  iu  New  Brunswick  by  tiic  St.  John  slate 
of  Mr.  G.  F.  JMattliew.*  In  18CS  these  ob^servations  were  reprinted, 
with  the  statement  that  the  discovery  adds  a  new  formation  to  the  Pa- 
Feozoic  period  in  America.    He  says: 

This  forniatioQ  has  as  yot  been  kaowu  as  the  ''St.  John  group,"'  but  I  think  this 
name  nnsuitablo,  both  on  account  of  the  number  of  places  known  as  St.  John  aud'on 
account  of  tlio  variety  of  formations  ocuiirrintr  near  St.  John,  in  New  Brunswick,  and 
^TOuld  propose  for  the  group-now  under  consideration,  characterized  by  Paradoxides, 
Conocep  halites  J  etc.,  and  tbe  oldest  known  member  of  the  Paleozoic  of  Americu,  the 
name  Acadian  group,  by  which  I  hope  it  will  be  known  to  geologists  in  whatever  part 
of  America  it  may  be  recognized.' 

In  a  recent  paper  on  the  fanna  of  the  St.  John  group,  Mr.  G.  F.  Mat- 
thew limits  the  term  Acadran  to  his  Division  1  of  the  New  Brnnswick 
Cambrian  section.    This  includes  the  fauna  of  the  Paradoxides  zone.' 

ST.  JOHN'S. 

Prof.  J.  Beete  Jukes  in  1843^  used  the  name  St.  John's  slate  for  the 
slate  as  seen  near  St.  John's,  Newfoundland,  beneath  the  Siprnal  Hiii 
sandstone.  When  referring,  in  1862,  to  this  work  ^  he  states  he  did  not 
find  any  fossils  in  the  lower  slate  formation,  but  that  Mr.  C  B  nuett, 
subsequently  found  trilobites  of  the  genus  Paradoxides  in  the  slates  on 
the  west  side  of  St.  Mary's  Bay.  These  were  named  P.  bennetti  by  Mr. 
J.  W.  Salter.  On  the  map  accompanying  the  report  of  1813,  the  slates 
of  St.  John's  extend  southward  from  St.  John's  and  around  the  sonthern 
point  of  the  Avalon  Peninsula  to  and  about  the  Bay  of  St.  Mary's. 

The  investigation  of  Dr.  Alexander  Murray  and  Mr.  J.  P.  Howley  in 
connection  with  the  geological  survey  of  Newfoundland,  have  shown 
that  the  slate  carrying  Paradoxides  about  St.  Mary's  Bay  is  a  later 
formation  than  the  slate  at  St.  John's ;  and  that  the  Paradoxides  slates 
are  unconformably  superjacent  to  the  slates  to  which  Prof.  Jukes  gave 
the  name  of  St.  John's  in  1843.  This  restricts  the  name  as  given  by 
Prof.  Jukes  to  the  slate  series  of  St.  John's,  described  as  from  2,000 
to  3,000  feet  thick.  It  was  in  this  series  of  slates  that  the  Rev. 
Moses  Harvey  discovered  the  fossil  which  Mr.  Billings  described  as 
Aspidella  terranovica.  The  entire  series,  along  with  the  Signal  Hill 
sandstone  of  Prof.  Jukes,  was  referred  to  the  intermediate  or  Huronian 

'  On  recotit  f^eological  diacovei-ioa  in  the  Acadian  provlDces  of  BritiDh  America.    Proo.  Am.  Aaaoc. 
A.lv.  Sii..  vol.  16. 1867,  pp.  117-119. 

*  Acidiau  K^ology.    The  frcolugical  atnicture,  organic  remains,  and  mineral  reaoarces  of  Xoya  Sco- 
(in,  Now  Uruaswick,  .lud  I'riuce  Bilvrard  Islands.    2d  ed.,  London,  1868.  p. 638. 

*  llhiMir.itions  of  tbe  fauna  of  the  St.  John  Group  No.  6.    Trans.  Boy.  Soc.  of  CMiada,  toI.  8,  1891, 

*  GciKTal  report  of  the  jc^eolngical  survey  of  Nesvfonndland  in  1839  and  1810.    London,  1843,  p.  59. 

*  Ihu  Sibdeia'a  Manual  of  Goology.    2d  edition,  Edinburgh,  18G2,  p. 4S7. 
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system  by  Dr.  Murray ;  and  in  the  classification  used  in  this  memoir 
it  is  included  under  the  Aigonkian,  as  a  pre-Oambrian  formation. 

In  proposing  a  classification  for  the  formations  in  the  vicinity  of  St. 
John,  New  Brunswick,  Mr.  F.  O.  Matthew  proposed  the  term,  '<St.  John 
group"  for  several  zones  of  soft  black  and  dark  gray,  finely  laminated 
shales  alternating  with  zones  of  coarser  grained  slates,  containing  nu- 
merous thin  beds  of  fine-grained  sandstone.^  Thefossils  were  Lingula,  a 
Gonchifer,  Annelids,  and  Goprolites.  This  was  republished  in  1865,  and 
is  osed  in  all  the  latest  publications  by  Mr.  Matthew. 

In  view  of  the  fact  that  the  term  ''St.  John's"  was  used  for  a  distinct 
formation  by  Prof.  Jukes  in  1843,  it  appears  best  to  continue  to  apply 
it  to  these  slates  of  the  Algonkian  ;  and  to  use  the  later  name  '"Aca- 
dian" for  the  slates  at  St.  John,  New  Brunswick. 

JOHANNIAN. 

This  name  is  proposed  by  Mr.  G.  F.  Matthew  for  a  local  series  of 
strata  in  the  St.  John  basin  of  New  Brunswick  that  occur  between  the 
Paradoxides  zone,  or  Division  No.  1,  and  the  Upper  Gambriau  Zone,  or 
Division  No.  3,  which  he  calls  Bretonian.' 

GEOBGIA. 

The  name  Georgia  was  incidentally  used  by  Prof.  Jules  Marcou  in 
1860,  when  stating  that  "  Prof.  Emmons  has  always  regarded  the  black 
slates  of  Georgia  as  a  part  of  his  Tacoiiic  system."^  In  the  following 
year  the  name  was  used  in  volume  1  of  the  Geology  of  Vermont,  in  the 
systematic  description  of  a  group  of  formations,  the  typical  one  of 
which  is  a  series  of  slates  and  shales  above  the  ''  Bed  sandrock  "  in  the 
town  of  Georgia,  Vermont.  There  was  also  included  in  the  group  the 
roofing  slate  belt  of  Rutland  County,  Vermont,  that  passes  into  Wash- 
ington Gounty,^ew  York.  A  provisional  reference  was  made  of  a 
series  of  clay  slates  that  occur  in  the  central  part  of  the  State.^  A  full 
description  of  the  formations  referred  to  the  group  is  given  in  the  text, 
and  their  geographic  distribution  is  delineated  on  an  accompanying 
map. 

Prof.  Jules  Marcou  advanced  the  claim  that  he  first  used  the  name 
Georgia  in  October,  1860,  which  was  followed  in  December,  1861,  with 
a  full  definition  of  the  group.^    Prof.  Hitchcock  in  reply  to  this,  states 

*  MaUbew,  O.  F. :  Obse^ations  on  tho  geology  of  St  John  Coanty,  New  Brunswick.  Canadian 
Nat.  VOL  8, 1863,  p.  244. 

slllasiratioD*  of  tbe  fkonaof  tbe  St.  John  GronpNo.S.  Trans.  Koy.  Soo.  of  Canadaiyol.  8, 1891, 
p.  129. 

*0n  the  Primordial  Fanna  and  tbe  Taoonio  System,  by  Joaobini  BamndO)  with  additional  notes  by 
Jules  Karcon,  Proc.  Boston  Soc.  Nat.  Hist.,  toL  7, 1800,  p.  376. 

*  Hitchcock,  C.  H.    Geology  of  Vermont,  yoL  1,  p.  357. 

*TbeTaoonic  of  Georgia  and  the  Keport  on  the  Geology  ofYermont.  Memoirs  Boston  Soo.  Nat 
Hiat,  VOL  4»  1888,  pp.  128, 184. 
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that  excerpts  from  volnme  1  of  the  Geology  of  Vermont  were  distribated 
prior  to  December,  I86I,  and  that  it  was  in  print  by  July,  1861.^ 

On  a  map,  in  the  atlas  accompanying  the  Geology  of  Canada  for  1863, 
pnblished  in  1805,  the  Georgia  group  of  Profl  Hitchcock  is  included 
with  the  ^<  Red  Sandrock  "  in  a  common  color,  and  is  so  referred  to  in 
the  legend.  This  includes  the  '^  lied  Sandrock"  series  and  the  Geor. 
gia  series  of  Prof.  G.  H.  Hitchcock  as  one  formation  under  the  name 
of  Potsdam. 

In  1886  the  <<  Bed  Sandrock "  was  included  by  Mr.  G.  D.  Walcott 
with  the  shales  of  the  Georgia  series,  in  the  Middle  Cambrian  or  Geor- 
gia group.^  The  reference  to  the  Middle  Cambrian  was  changed  to 
Lower  Cambrian  three  years  later.^ 

GBANUL.AB  QTJABTZ. 

This  is  one  of  the  first  formations  differentiated  and  named  by  Prof. 
Amos  Eaton.^  He  referred  it  to  the  Primitive  class  and  indicated  its 
stratigraphic  position  on  a  section  accompanying  the  index.  The  name 
was  accepted  by  Dr.  E.  Emmoas^  in  1842  and  placed  as  the  second 
member  of  his  Taconic  system,  between  the  second  bed  of  Stockbridge 
limestone  and  the  third  bed  of  limestone.  This  section  was  corrected 
in  1844,  so  as  to  place  the  '^  Granular  Quartz  "  at  the  base  of  the  Taconic 
system.* 

In  1887  the  Olenellus  fauna  was  discovered  by  Mr.  C.  D.  Walcott  in 
the  ^'Granular  Quartz"  near  Bennington,  Vermont,  thus  determining 
its  pre-Potsdam  age.'' 

BED  SANDBOOK. 

The  occurrence  of  a  red  sandstone  at  Burlington  Falls,  Vermont,  was 
mentioned  by  Prof.  C.  T.  Jackson  in  1844.^ 

In  the  scheme  of  Dr.  C.  B.  Adams,  illustrating  the  rocks  of  Vermont, 
as  expressed  in  the  nomenclature  of  the  Kew  York* system,  the  Bed 
Sandrock  occurs  above  the  Hudson  Eiver  shales.^ 

The  correlation  thus  indicated  is  that  of  the  reddish  brown  Medina 
sandstone  of  the  l^ew  York  series  with  the  reddish  colored  "sandstone" 
of  Vermont,  and  the  name  Red  Sandrock  was  applied  to  the  latter, 
thus  originating  a  term  that  has  continued  in  geologic  literature,  not- 

1  Date  of  the  pablication  of  the  report  apon  the  Geology  of  Yermont.    Boston  Soo.  Nat  Hiat  Ptoc., 
vol.  24, 1888,  p.  34. 
s  U.  S.  GeoL  Survey.  Bull.  No.  30, 1886,  p.  44. 

*  Stratigraphic  poaition  of  the  Olenellus  Fauna  in  North  America  and  Europe.    Am.  Jour.  ScL,  3d 
ser.,  voL  37, 1880,  p.  383. 

*  An  index  to  the  Geology  of  the  Northern  States,  with  a  transTorse  section  fromCatskill  Mountain 
to  the  Atlantic.    Leicester,  1818,  p.  21. 

*  Geol.  of  N.  Y.,  Fart  2,  comprising  the  survey  of  the  2d  GeoL  (Northern)  District,  1842,  p.  144. 

*  The  Taconic  System ;  based  on  observations  in  New  York,  Massachusetts,  Yermont  and  Rhode  Isl- 
and.   Albany,  1844,  p.  18. 

'  Discovery  of  fossils  in  the  Lower  Taconic  of  Emmons.    Am.  Assoc.  Proc.vol.  36, 1888,  p.  212. 
*Fiual  repoi  t  on  the  Geology  and  Mineralogy  of  the  State  of  New  Hampshire,  1844,  p.  161. 

*  First  Aim.  Rep.  on  the  Geology  of  Yermont.    Barlington,  1845,  p.  61. 
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wiUistaDdiDg  the  fact  that  tbe  rock  itself  is  a  magneBian  limestone, 
with  more  or  less  siliceous  and  sandy  beds  alternating  with  the  lime- 
stone. 

In  the  second  annnal  report  of  Vermont  by  Dr.  Adams,  in  the  descrip- 
tion of  a  section  of  Snake  Monntain,  Addison  Gonnty,  the  strata  cap- 
ping the  moautaius  are  designated  by  the  name  of  Red  Sandrock.^ 

PRIMAL. 

The  term  Primal  was  proposed  by  the  brothers  Sogers  in  1844  and 
defined  as  follows : 

Onr  Primal  series  embraces  the  foar  great  rocks  between  the  base  of  the  Paleozoic 
strata  and  the  base  of  the  first  limestone,  the  Calciferoas  sandstone  of  New  York  ' 

The  equivalent  expression  was  Formation  l^o.  1,  and  both  terms  have 
been  used  in  the  geologic  work  of  Pennsylvania,  Maryland,  and  Vir- 
ginia, but  they  have  not  come  into  general  use. 

OHILHOWEE. 

The  name  Ghilhowee  was  proposed  by  Prof.  J.  M.  Safford  in  1856  for 
a  series  of  sandstones  and  shales  superjacent  to  the  Ocoee  conglom- 
erates and  shales  and  subjacent  to  the  Magnesian  limestone  and  Shale 
group,  or  what  was  subsequently  called  the  Knox  shale  and  the  Knox 
limestone.^ 

By  tbe  discovery  of  the  Olenellus  fauna  in  the  shale  resting  upon  the 
qaartzite  of  Ghilhowee  Mountain,  the  Ghilhowee  Mountain  qnartzite  is 
referred  to  the  Lower  Gambrian  and  correlated  with  the  Granular 
qnartzite  upon  the  western  slope  of  the  Green  Mountains  of  Vermont. 

WEISNEB. 

This  name  is  proposed  by  Prof.  Eugene  A.  Smith  for  the  lenticular 
masses  of  qnartzite  that  occur  in  the  Montevallo  sbale  of  northeastern 
Alabama.  He  correlates  the  qnartzite  with  tbe  Ghilhowee  Mountain 
quartzite  of  Tennessee.  This  correlation  is  probably  incorrect,  as  the 
latter  quartzite  is  of  Lower  Gambrian  age.^ 

This  name  is  also  used  by  Mr.  G.  Willard  Hayes  for  a  series  of  quartz- 
ites  that  occur  between  the  Goosa  shales  and  the  Gonnasauga  shales 
of  the  Gambrian  section  of  northwestern  Georgia.  In  connection  with 
the  Rome  sandstone  he  mentions  the  correlation  of  it  with  the  Knox 
sandstone,  Potsdam  or  Ghilhowee,  Prof.  Safford's  Tennessee  section, 
by  Profs.  Smith  ^nd  Safford.^ 

*  Second  Ann.  Bep.  of  Oeol.  Sarr.  of  Vermont,  1846.  p.  163. 

*  On  American  geology  and  present  condition  of  goologioal  research  in  the  United  States.  Am.  Jonr. 
Sci.,ToL47,!844.,p.l65. 

*  A  geological  reconnaissance  of  Tennessee ;  first  biennial  report    Nashville,  1856,  p.  152. 
Geological  titmctnre  and  description  of  the  valley  region  a<1Jacent  to  the  Cahaha  Coal  Field.    Geol. 

Surv.  Alabama^  Kept,  on  the  Gahaba  Coal  Field.    Ft  li,  1890,  p.  149. 

*  The  overthroat  fkults  of  the  soothem  Appalachians.    BulL  Geol,  Soc.  America,  ToL  8,  Feb..  1891, 
p.  148. 
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OCOEE. 

This  name  was  proposed  by  Prof.  J.  M.  Safford  in  1856  for  a  series  of 
conglomerates  and  slates  that  he  considered  to  be  saperjacent  to  the 
Mica-slate  group  and  subjacent  to  the  Ohilhowee  sandstone.^ 

PBOSPEGT. 

For  the  lower  members  of  the  Cambrian  section,  in  the  Eureka  dis- 
trict, Nevada,  Mr.  Arnold  Hague  proposed,  in  1881,  Prospect  Mountain 
quartzite  and  Prospect  Mountain  limestone.^  As  now  known  the  up- 
per portion  of  the  Prospect  Mountain  quartzite  is  characterized  by  the 
Olenelius  or  Lower  Cambrian  fauna,  and  the  Prospect  Mountain  lime- 
stone by  the  Middle  Cambrian  fauna  of  the  Bocky  Mountain  section. 

EASTERN  AND  WESTERN  SANDSTONE. 

These  names  were  applied  to  the  horizontal,  evenly  bedded  sand- 
stones of  the  south  shore  of  Lake  Superior,  east  and  west  of  Keweenaw 
Point,  by  Dr.  B.  D.  Irving  in  1883  as  convenient  terms  under  which  to 
describe  the  character  of  the  sandstone  and  its  geographic  distribu- 
tion.' 

LAKE  SUPERIOR  SANDSTONE. 

Dr.  J.  J.  Bigsby  described  the  red  and  white  sandstone  along  the 
south  shore  of  Lake  Superior  as  early  as  1825,  and  in  the  account  of 
the  geology  of  Lake  Superior  by  Oapt.  H.  W.  Bayfield,  he  speaks  of 
the  sandstones  of  Lake  Superior.^  As  used  by  Capt.  Bayfield,  the  Lake 
Superior  sandstone  included  both  the  Cambrian  sandstones  of  the  south 
shore,  and  the  pre-Cambrian  sandstones  of  Keweenaw  Point  and  the 
north  shore  of  the  Lake.  It  has  been  used  by  various  authors  in  the 
same  general  manner,  and  has  little  value  as  a  term  in  stratigraphic 
geology. 

POTSDAMIO. 

Prof.  C.  H.  Hitchcock  proposed  in  1888  for  the  rocks'  containing  the 
Cambrian  fauna,  the  name  Potsdamic  or  Taconic. 

*  A  c^eoloj^oal  reconnaiBsaooe  of  Tennessee ;  first  biennial  report    Nasbyille,  1856,  p.  151. 
* U. S. GeoL Snrvey,  Second  Ann. Rep.,  1880-81,  1882, p. 27;  3d  Ann. Rep.,  p. 254. 

*  Tbe  copper-bearing  rocks  of  Lake  Superior.    U.  S.  Geol.  Surrey,  Monograph,  vol.  5 ;  1883,  pp.  851, 386. 

*  Oatlines  of  the  Geology  of  f^ke  Superior.    Quebec  Lit  and  Hist.  Soc.  Trans.,  voL  1, 1829,  pp.  1&-22. 
6  Date  of  the  publication  of  the  report  upon  the  Greology  of  Yermont    Boston  Soc  Nat.  Hist  Profit 

▼01.24. 1888,  p.  87. 


CHAPTER   IV. 

SUMMARY  OF  THE  PRESENT  KNOWLEDGE  OF  THE  FORMATIONS. 

The  data  ander  this  heading  is  assembled  for  each  of  the  following 
Geologic  Province : 

Atlantic  Coast  Province. 
Appalachian  Province. 
Rocky  Mountain  Province. 
Interior  Continental  Province. 

A  brief  r6sam6  is  given  at  the  end  of  the  description  of  the  forma- 
tions of  each  province  and  a  general  r^am^  of  the  Cambrian  Gronp  at 
the  end  of  the  chapter. 

ATLANTIC  COAST  PEOVINOB. 

This  includes  the  rocks  referred  to  the  Cambrian  group  on  the  Island 
of  Newfoundland  and  the  adjoining  coast  of  Labrador,  the  provinces 
of  Nova  Scotia  and  New  Brunswick,  and  Cape  Breton,  and  the  States 
of  Maine,  New  Hampshire,  and  eastern  Massachusetts. 

NEWFOUNDLAND  AND  THB  ADJOINING  COAST  OF  LABRADOR. 

The  detailed  knowledge  we  have  of  the  Cambrian  rocks  of  Newfound- 
land is  obtained  largely  from  the  publications  of  the  Geological  Survey 
of  Canada  for  the  northwest  and  west  coast  and  the  Labrador  coast, 
and  from  the  descriptions  by  the  Newfoundland  Survey  of  the  eastern 
and  southeastern  coast.  To  the  latter  there  is  added  the  results  of  a 
season's  work  on  the  Avalon  peninsula,  by  the  writer. 

HOBTHWXBnBK  mwrODNDLAHD. 

The  Cambrian  strata  on  the  adjoining  coast  of  Labrador  are  included 
with  those  of  the  Cambrian  area  of  northwestern  Newfoundland,  as 
the  two  are  considered  to  belong  to  one  geologic  province. 

The  section  at  I/Anse  au  Loup,  on  the  north  side  of  the  straits  of 
Belle  Isle'  shows  231  feet  of  arenaceous  beds  at  the  base,  overlain  by 

>LogMi,  W.  B. :  Ckologioal  Sarrey  of  Canada ;  report  of  prograM  from  ito  oommeDoement  to  1M3. 
Kiiiitreal,18i».p.288. 
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143  feet  of  gray,  reddish  and  greenish  limestones.    The  section  is,  in 
detail,  as  follows : 

Feet 

1.  Red  and  ^^y  sandstones,  sometimes  of  a  reddish  gray ;  consisting,  in  the 
lower  part,  of  a  conglomerate  composed  of  roanded  pebbles  of  white  quarts 
from  an  eighth  of  an  inch  to  3  inches  in  diameter,  in  a  matrix  of  fine-grained 
sandstone,  made  np  of  whitish  and  reddish  qnartz,  an&  white  and  red  feld- 
spar. A  similar  fine-grained  mixture  constitutes  the  great  mass  of  rock  in 
the  upper  part.  The  beds  vary  in  thickness  from  3  inches  to  3  feet,  and  many 
of  them  are  penetrated  vertically  by  Scolithus  linearis,  about  a  quarter  of  an 
inch  in  diameter,  and  always  of  a  lighter  color  than  the  surrounding  mass* 
Four  feet  below  the  summit  there  is  a  bed  3|  feet  thick,  of  a  mammillated  or 
concretionary  character ;  the  coucretions,  which  are  from  1  to  10  feet  in  hori- 
zontal diameter,  being  composed  of  concentric  layers  from  a  quarter  to  half 

an  inch  thick 231 

2.  Gray,  reddish,  and  greenish  limestones,  presenting  on  the  strike  great  diver- 

sities  of  character.  They  sometimes  consist  of  yellow- weathering,  massive, 
nodular,  argillaceous  limestones,  probably  magnesian,  holding  lenticular 
*  patches  of  pure  limestone,  as  well  as  of  red  and  green  shale  from  3  to  6 
feet  in  horizontal  diameter.  On  the  strike  these  yellow-weathering  lime- 
stones pass  in  some  parts  into  gray,  compact,  pure  limestone,  in  thick, 
massive  beds,  while  in  others  they  are  evenly  divided  into  layers  of  only  2 
or  3  inches  thick.  In  Forteau  Bay  the  whole  mass  appears  to  be  more  or 
less  foesiliferous ••• 143 


374 


I  examined  the  collections  from  these  limestones  now  in  the  Canadian 
Geological  Survey  collections,  and  found  the  following  species,  most  of 
which  had  been  recognized  and  described  by  Mr.  Billings : 


Palseophycus  incipiens. 
Archffiocyathus  profundus. 
Spirocyathes  atlanticus. 
Coscinocyathus  billingsi. 
Iphidea  bella. 
Kutorgina  cingiilata. 

labradorica. 
Obolella  chromatica. 
Orthis2sp. 


Stenotheca  elongata. 

rugosa. 
Hyolithes  billingsi. 
Salterella  pulchella. 

rngosa. 
Olenellus  thompsoni  T 
Ptychoparia  miser. 
Protypus  senectns. 
Solenopleura  (like  S.  nana). 


In  describing  the  extension  of  the  rocks  along  the  north  shore  of  the 
Straits  of  Belle  Isle,  Sir  William  E.  Logan  states  that  they  rest  on  the 
Lanrentian  gneiss,  and  extend  along  the  coast  for  nearly  80  miles,  with 
a  probable  breadth  of  10  or  12  miles,  and  slope  towards  the  water  at  an^ 
average  of  about  60  feet  to  the  mile.  In  this  stretch  .along  the  coast 
they  are  divided  into  five  or  six  tabular  masses,  separted  from  one  an- 
other by  narrow  denuded  portions  of  the  gneiss.^ 

On  the  Newfoundland  shore  sandstones  occur  that  were  referred  to 
the  Potsdam  sandstone  from  their  stratigraphic  relations  to  superja- 
cent limestones  containing  Lingulepis  acuminata.^  The  data,  however, 
does  not  fully  sustain  this  reference.    Following  south  along  the  west 

>  Op.  oit,  p.  287.  >  Op.  oit,  p.  288. 
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coast  uearly  200  miles,  to  Bouno  Bay,  a  more  extended  section  of  (Jam- 
brian  strata  is  met  with  that  is  described  in  detail,  as  follows  :^ 

Between  1  and  2  milee  iuland  from  the  northeast  side  of  the  east  arm  of  Bonne 
Bay  there  arises  a  range  of  hills  of  Laurentian  gneiss,  2,000  or  3,000  feet  in  height, 
on  the  flank  of  which  la  exposed  the  following  measured  section : 


Feci. 

1.  Blackish  blue,  fine-grained  slate,  with  a  oleavage  independent  of  the  bed- 

ding. Of  this  slate  only  105  feet  of  the  upper  part  are  seen ;  the  lower 
part  is  concealed  in  the  space  between  the  upper  portion  and  the  gneiss, 
and  may  comprise  a  thickness  of  about  ifiO  feet 3^^ 

2.  Blackish  blue  slate  interstratified  with  gray  quartzites,  in  beds  of  from  6 

inches  to  3  and  4  feet.  In  the  80  feet  at  the  bottom  the  quartzites 
greatly  predominate,  and  they  constitute  15  feet  at  the  top,  while  the  in- 
termediate 175  feet  consist  chiedy  of  slate 270 

G05 

B. 

1.  Light  gray,  yellow- weathering  limestone,  in  beds  of  from  1  to  3  inches  thick, 

interstratiiied  with  blackish-blue,  slightly  calcareous  slate^  both  contaiu- 
ing  small  specks  of  silver- white  mica,  which  are  more  abundant  in  the 
limestone  than  in  the  slate.  The  limestoues  hold  in  abuudauce  fragments 
of  trilobites,  chiefly  belonging  to  three  or  four  species.  Among  them  is 
Parckdoxide*  (Olenelluti)  vermontanaf  a  new  species  of  Bathyurus,  aud  the 
pygidium  of  a  species  so  closely  resembling  B.  extana  of  the  Birdseyo  aud 
Black  River  formation,  that  it  can  scarcely  be  distinguished  from  it  and 
may  possibly  be  the  same 80 

2.  Grayish  green,  micaceo-arenaceous  shale,  interstratiiied  with  a  few  beds  of 

grayish  qnartzite  weathering  slightly  yellow 80 

3.  Strata  concealed 30 

4.  Reddish  granular  quartzite  in  thick  beds,  with  numerous  parallel  joints  in 

two  directions,  dividing  the  beds  into  rhomboids 105 

5.  Gray  and  grayish  green,  micaceo-arenaceous  shale  in  beds  from  a  quarter  of 

an  inch  to  an  inch  thick,  interstratified  with  a  few  beds  of  gray,  very  fer- 
ruginous, sandy  dolomite,  and  fewer  of  gray  quartzite 127 

6.  Reddish  quartzite,  in  beds  of  from  1  to2feet  thick 34 

7.  Gray  arenaceous  dolomite,  weathering  yellowish  brown,  interstratified  with 

reddish  quartzite  in  beds  of  from  1  inch  to  1  foot  thick,  and  with  reddish 
and  grayish  micaceo-arenaceous  shale  predominating  toward  the  top.  The 
beds  of  dolomite  and  shale  contain  fossils,  among  which  are  Obolella  chro- 
matiea  f,  Obolus  lahradorieus,  Paradoxidea  vermontanay  Conoephalitea,  a  new 
Bpecies  of  Bathyurus,  and  one  or  more  undetermined  species  of  Salterella .        27 

483 
C. 

1.  Whitish  qnartzite  in  beds  of  from  6  inches  to  2  feet,  interstratified  with 
light  gray,  micaceo-arenaceous  shale,  in  layers  of  from  6  inches  to  1  foot, 
which  occur  at  intervals  of  from  5  to  10  feet 150 


>0p.  dt,  pp.  805-ae7. 
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Feet. 

2.  White  and  reddish  qnartzite.  in  beds  of  from  1  to  3  feet  thick,  interstratified 

toward  the  bottom  with  a  gray  arenaceous  dolomite,  weathering  yellowish  ' 
brown • 160 

3.  White  and  reddish  qnartzite,  in  beds  of  from  1  to  3  feet  thick,  in  terstratified 

with  greenish  mioaceo-arenaceous  shale,  constituting  about  one-half  the 
amount 90 

4.  Gray,  pure  limestone,  in  beds  of  from  1  to  3  feet  thick,  marked  with  a  few 

reticulating  strings  of  yellowish-weathering  dolomite.  The  rock  is  a  mass 
of  comminuted  organic  remains,  among  which  are  Faradoxidea  rermontoiia, 
and  undetermined  species  of  Bathy urus  and  Salterella,  as  before 20 

5.  Blackish  blue,  soft  shale,  interstratitied  with  gray  yellow-weathering  lime- 

stone, probably  magnesian,  in  beds  of  1  or  2  inches  thick.  The  quantities 
of  shale  and  limestone  are  about  equal,  and  the  whole  is  intersected  by 
reticulating  strings  of  calc-spar 35 

6.  Gray,  pure  limestone,  composed  of  comminuted  organic  remains,  belonging 

to  Paradoxides,  Bathy  urns,  and  Salterella,  as  before 27 

7.  Bluish  black,  soft  shale,  interstratified  with  gray  yellow-weathering  dolo- 

mitio  bands,  as  before 60 

8.  Gray,  pure  limestone,  probably  composed  of  Comminuted  organic  remains  as 

before;  underlaid  by  bluish  black  shale,  inclosing  nodules  of  blue  com- 
pact limestone,  some  of  whic^  weather  yellowish-brown,  and  are  prob- 
ably nia<;nesi3n 13 

9.  Bluish  black,  soft  shale  of  the  same  character  as  before,  Interstratified  with 

afew  beds  of  quartzite^ 68 

623 
Total 1,711 

I  examined  the  species  of  Bathynras  referred  to  in  No.  1  of  Division 
B,  and  also  some  other  fossils  labeled  as  coming  from  Bonne  Bay,  and 
there  can  be  no  doubt  that  some  mistake  was  made  in  labeling  the 
specimens,  for  they  certainly  belong  to  the  Trenton  fauna  and  could 
not  have  been  associated  with  the  Lower  Cambrian  fauna  of  the  sec- 
tion. All  the  Paradoxides  referred  to  belong  to  the  genus  Olenellns  or 
Mesonacis  and  several  of  the  specimens  of  Bathyurus  to  the  genus 
Protypus,  If  the  section  was  correctly  measured  and  the  Cambrian 
fossils  occur  as  mentioned  all  the  strata  belong  to  the  Lower  Cambrian, 
and  the  fauna  is  a  part  of  the  Georgian  fauna  of  the  Cambrian.  From 
the  accessible  data  I  am  not  able  to  discover  that  the  Upper  Cambrian 
or  Potsdam  fauna  has  been  found  on  the  northwest  coast  of  Newfound- 
land or  on  the  Labrador  shore. 

SOUTHWEBTBHK  irBWrOUNDLAlTO. 

On  the  *'  Map  showing  the  distribution  of  the  Silurian  and  Carbon- 
iferous Formations  (etc.)  in  St.  George's  and  Port  au  Port  Bays,  New- 
foundland,^' by  Dr.  Alexander  Murray,  1873-'74,  a  considerable  area  is 
designated  as  Potsdam  that  is  continued  north  into  the  valley  of  the 
number.  The  reason  given  for  the  identification  of  the  Potsdam  Ter- 
rane,  in  the  Reports  of  the  Geological  Survey  of  Newfoundland  for 
1873-'74,  '76,  is  that  the  strata  placed  within  it  are  subjacent  to  the  beds 
containing  fossils  of  the  Oalciferous  formation  of  the  Lower  Silurian^ 
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This  is  not  sufficient  in  the  absence  of  (Jpper  Oambrian  fossils  to  estab- 
lish the  presence  of  the  Potsdam  horizon  on  the  southwestern  side  of 
the  island.  It  is  quite  probable  that  strata  of  Cambrian  age  occur,  but 
as  yet  the  proof  of  their  presence  is  very  defective. 

■AfiTBBN  AHD  B0UTH&A8TSBII    KBWTOUNDLAIID. 

The  section  at  Canada  Bay  is  as  follows,  according  to  Dr.  Alexander 
Murray  :^ 

Feet. 

A.  Cloadfl  Mountain  blnish  gray  slates,  conglomerates,  and  diorite 2, 500 

B.  Salt  Water  Pond  bluish  gray,  black,  bine,  reddish,  and  white  limestones, 

yellowish  gray  and  black  slates,  and  gray  and  white  sandstones,  in  some 
parts  holding  Olenellus  vermontanua,  Liugula,  Scolithus  and  fucoids 2,000 

C.  Light  and  dark  blue  limestones  and  brown  slates,  with  cherty  limestone  at 

the  top 900 


5,400 


The  strata  referred  to  the  Cambrian  system  in  southeastern  New- 
foundland are  well  exposed  on  the  peninsula  of  Avalon  and  westward 
along  the  coast  to  the  northern  shore  of  Fortune  Bay,  and  northward,  on 
the  western  shores  of  Trinity  Bay.  Dr.  Murray  has  given  a  general 
description  of  the  terrane  in  the  reports  of  the  Geological  Survey  of 
Newfoundland  for  1868  and  1870 ;  and  a  fine  geological  map  of  the 
Peninsula  of  Avalon,  by  Dr.  Murray  and  Mr.  James  P.  Howley,  1881, 
shows  the  distribution  of  the  Cambrian  rocks.  The  correlated  section 
IS  described  as  superjacent  to  pre-Cambrian  ^<  Huronian  "  rocks  and  as 
having  a  thickness  of  nearly  6,000  feet,  of  which  138  feet  are  lime- 
stone and  the  remaining  portion  argillaceous  and  arenaceous  deposits. 

The  section  in  descending  order  is  as  follows : ' 

Peet 
(9)  Brown  and  black  micaceoos  shales,  with  gray  micaceoos  sandstones  of  Bell 

Island,  Conception  Bay.    Organic  contents  are :  two  species  of  Lingula, 

four  species  of  Palssophyoas,  Eophyion  linncdanum  (Torrell),  and  another 

Eophy ton,  Cnuiana  aemiplioata  (Salter)  and  some  others 476 

(r)  Bed  and  green  sandstones  and  slates,,  with  some  calcareoos  beds  at  the  base. 

Estimated  thickness 1,426 

(q)  Kelly's  Island  sandstones  and  shales.     A  few  fucoids  were  the  only  fossils 

observed  in  this  division 720 

(p)  Black  slale  or  shale.    At  Fortune  Harbor  this  division  was  found  to  contain 

Paradoxidw  bent^itii 150 

(o)  A  bed  of  dark  gray  limestone.    Fossils  consist  of  broken  fragments  of 

trilobites  and  shells,  among  which  latter  a  Lingula  was  observed 5 

(»)  Red,  green,  and  black  slates,  or  shales,  which  occasionally  pass  into  a  finely 
laminated  argillaceous  shale,  as  at  Topsail  Head.  The  fossils  are  Para- 
aaxides  beHneltii,  ConocephaliteB  gregariuSf  and  probably  some  other  species 
not  yet  recognized 1,045 

>£eqaence  and  dlstribotton  of  tlie  roclu  of  tbe  groat  Northern  PeninAala.  Oeol.  Survey  Ksw 
foundland,  Keport  of  progress  for  1864.    Revised  edition,  London,  1881,  p.  !& 

'Morra3%  Alexander:  Of  Primordial  Siluiian  and  Kelate<l  furniations.  Rep.  GreoLSurv.  Newfound* 
land  for  1870,  St  John's,  1871,  pp.  36-39.    Geology  ui  Newfoundland,  1881,  London,  pp.  237-289. 

Bull.  81 17 
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(m)  Hard,  tbiok  beds  of  gray  and  sometimes  reddish  limestone.  Two  species 
of  Conocephalites  have  been  recognized  by  Bfr.  Billings,  and  a  smaU 
fragment  sopposed  of  Paradoxides  from  a  loose  stone  at  Topsail  Head ; 

also  Salterella  and  Crania  Idbradariea.    Thickness  at  Topsail  Head 100 

(I)  Red,  green,  and  blackish  argiUaceons  slates.  A  few  remains  of  trilobites 
were  found  at  Random  Island,  one  of  which  resembles  Baihjfuru9  grtga- 

Hm  (Billings) 250 

{k)  Conglomerate  of  Manuel's  Brook,  not  recognised  elsewhere 50 

{J)  Red  and  green  argillaceons  shales  or  slates.    Thickness  at  Brigns  South 

Head 150 

(i)  Red  and  flesh*colored  limestones,  in  which  some  obscnre  fossils  have  been 

found,  and  an  ArcluDOcyathus  detected  by  Bfr.  Billings 20 

{h)  Redslate 30 

{g)  Thin  bed  of  impure  red  limestone — 10 

(/)  Redslate 40 

(e)  Red,  green,  and  gray  sandstones,  with  occasional  beds  of  conglomerate.  The 

upper  beds  flaggy 750 

{d)  Green  and  reddish  brown  or  purple  slates,  with  smooth  and  regularly  par- 
allel cleavage,  independent  of  the  bedding,  splitting  into  slabs  under 
half  an  inch  thick.  This  is  the  position  of  the  workable  slates  of  Smith's 
Sound  and  Random  Island 137 

(0)  A  bed  of  impure  flesh-colored  limestone 3 

(&)  Green  slate,  same  character  as  il 10 

150 

(a)  Hard,  dark  green-gray  sandstones  with  slaty  divisions,  the  sandstone  beds 

varying  in  thickness  from  4  inches  to  1  foot 600 

Total-..., 5,972 

On  page  160  of  the  reprint  of  the  report  of  the  Gleological  Survey  of 
Newfoundland  for  1868  ^  a  section  is  given  of  the  strata  of  Great  Bell 
Isle,  as  follows : 

ABCKNDING. 

Feet 

(1)  Black  or  dark  brown  shales,  with  thin  beds  of  sandstone  from  2  to  6  inches 

thick,  of  a  gray  color  on  fracture,  mica  being  thickly  disseminated  in  both 
shales  and  sandstones,  and  especially  at  the  division  of  the  harder  mem- 
bers   - 20 

(2)  Thin  bands  of  sandstone  like  the  preceding,  weathering  a  rnsty  brown  color, 

and  divided  by  layers  of  black  shale 6 

(3)  A  hard,  strong  bed  of  gray  sandstone,  with  conchoidal  fracture,  irregularly 

bedded,  average  thickness  about 4 

(4)  Alternations  of  black  shale  and  sandstone  towards  the  top  of  the  vertical 

cliff 60 

(5)  A  heavy  mass  of  strata,  mostly  sandstone,  forms  the  crest  of  the  cliff 10 

(6)  Alternations  of  very  micaceous  gray  sandstone  and  shale,  the  former  mostly 

thin-bedded,  varying  from  1  to  6  or  8  inches,  with  Oraziana  in  great  profu- 
sion on  many  surfaces.  Nodular  concretions,  holding  LingulsB  among  the 
shales 100 

(7)  The  upper  strata  are  a  good  deal  concealed,  but  beds  of  sandstone  occasion- 

ally crop  out  on  the  bed  and  banks  of  a  small  brook  near  the  line  of  section, 
some  of  which  is  of  a  pale  yellowish  color,  in  some  cases  nearly  a  foot  thick, 
estimated — 196* 

'Murray,  Alex.:  Of  the  sequence  and  distribation  of  the  formations.    Beport  upon  the  geological 
8*irvey  of  Newfoandland  for  1868.    St  John's,  18C8.    Seviaed  edition,  188L 
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FMt. 
(8)  The  npper  stratam  is  also  in  great  part  concealed,  bnt  large,  angnlar-jointed 
fragments  of  it  are  abandaut  ou  the  surface  all  along  the  summit  level, 
which  are  clearly  in  place,  or  only  slightly  removed.  Some  of  these  beds 
appear  to  be  from  1  to  2  feet  thick,  are  rather  coarsely  gra  nnlar,  of  a  grayish 
or  greenish  color  on  fractnre,  and  contain  crowds  of  organic  remains,  chiefly 
a  species  of  Lingnla.    Estimated 80 

Total 476 

In  No.  2  of  this  section  I  found,  in  1888,  a  small  species  of  Lingnla  (T), 
abundant  remains  of  Oruziana,  and  an  entire  specimen  of  Olenns*  Nu- 
merous trails  of  annelids  occur  on  the  surfaces  of  the  sandstones,  from 
one  to  six,  inclusive. 

Mr.  E.  Billings  described  the  fossils  obtained  by  the  Newfoundland 
survey  from  Great  Bell  Island  and  named  Eaphyton  jukeHj  Arthraria 
antiquaia^  Lingula  murrayij  Lingulella  f  affiniSy  L.  f  apissa^  and  Oruzi- 
ana 8imilis.^ 

In  the  upper  portion  of  No.  6  Lingula  murrayi  occurs  in  considerable 
abundance,  and  from  No.  8  a  large  number  of  specimens  of  Lingula 
spiMa  were  collected ;  Eophyton  linnaeanum  Torrell  and  Arthraria  an- 
tiquata  occur  in  Nos.  2  and  4. 

There  is  no  detailed  section  given  of  the  strata  of  Little  Bell  Island. 
The  section,  as  determined  by  the  writer  in  1888,  is  made  up  of  dark 
argillaceous  and  sandy  shale,  with  beds  of  gray  and  dark  sandstone 
both  thin-bedded  and  in  massive  layers.  In  the  argillaceous  shales 
Lingula  Mllingsiana  is  very  abundant  and  ranges  through  about  150  feet 
of  strata.  Toward  the  summit  of  the  section  on  the  west  shore  of  the 
island  a  species  of  Hyolithes,  and  a  long,  slender  shell,  that  may  be 
provisionally  referred  to  Lingulella,  occurs  in  a  light  gray  sandstone. 
A  few  feet  below  this  horizon  a  new  species  of  Lingula  was  found  in  a 
micaceous  sandstone  associated  with  the  Lingula  T  occurring  below  in 
the  shales. 

All  the  strata  of  Little  Bell  Island  have  a  dip  of  about  7^  westward 
toward  Great  Bell  Island.  If  this  dip  be  retained  and  the  section  be 
unbroken,  the  higher  beds  would  pass  beneath  the  strata  on  Great  Bell 
Island,  at  a  depth  of  about  1,200  feet.  Dr.  Murray  in  the  generalized 
section  mentioned,  has  given  a  thickness  of  1,426  feet  for  the  strata  of 
Little  Bell  Island  and  that  concealed  beneath  the  waters  of  Ooncep- 
tion  Bay  before  reaching  Great  Bell  Island. 

A  detailed  section  of  the  strata  of  Kelly's  Island  of  what  appears  to 

,be  the  same  series  as  on  Little  Bell  Island  is  published  by  Dr.  Murray.^ 

A  small  Lingula  (L.  billingaania)  was  found  midway  of  the  713  feet  of 

strata.    I  found  the  same  species  to  be  very  abundant  in  the  shales  of 

the  lower  portion  of  the  Little  Bell  Island  section. 

'  On  aome  fossils  from  the  PrlmordiAl  rooks  of  Newfoundland.  Cftnadlan  Naturalist,  new  ser.,  vol. 
«.  1972.  pp.  486-479. 

'  Of  tlie  sequence  and  distribution  of  the  formations.  Beport  upon  the  geologiCjU  surrey  of  Hew- 
frandland  for  19QB.  St.  John's,  1868 ;  i«Tised  edition,  1881,  pp.  157-lM. 
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The  section  on  the  mainland  beneath  Topsail  Head,  Oonception  Bay, 
was  found  to  be  as  described  by  Dr.  Marray.^  The  limestone  at  the  base 
is  separated  from  the  ^^Huronian"  rocks  by  a  fault  line.  Over  the  lime- 
stone 100  feet  or  more  of  greenish  shale  completes  the  section.  In  the 
limestones  were  found  :* 

OboleUa  atlantioa.  Hiorodisons  spedoeas. 

KatorginA  labradorioa.  Hiorodiaoas,  sp.  nndet. 

Boenella  retioulata.  OleneUas  (H.  )broggeri. 

Hyolithelliu  mioans.  Ayalonia  mannelensis. 

H.  mioans  yar.  ragoaa.  Bolenoplenra  bombifroDi. 

Hyolithea  prinoeps.  Agraoloe  (S.)  strenana. 

impar.  Agraaloa  (S.)  sp.  f 

In  the  superjacent  green  shales  a  few  fragments  of  a  trilobite  were 
observed  that  indicated  by  a  portion  of  the  glabella  and  eye-lobe  a 
large  species  of  Paradoxides.  The  evidence  here  obtained  of  the  rela- 
tion of  the  Olenellus  and  Paradoxides  faunas  being  somewhat  incon- 
clusive, the  section  at  Brigus  Head,  on  the  west  side  of  Oonception  Bay, 
was  next  examined  and  found  to  be  essentially  the  same  as  that  at  Top- 
sail Head,  with  the  addition  of  a  greater  thickness  of  green  and  red 
shales  above  the  limestone,  and  a  sandy  deposit  beneath  the  limestone 
which  rested  unconformably  against  the  '<  Huronian."  The  limestone 
series  is  divided  into  three  bands.  In  the  lowest,  a  specimen  of  Hyoti- 
thes  impar  was  found,  similar  to  that  in  the  limestone  at  Topsail  Head) 
associated  with  fragments  of  OleneUus  (J?.)  br&ggeriy  Microdiaous  Helena 
and  Ptyckoparia  f  sp.  (T).  In  the  second  bed  of  limestone,  fragments  of 
trilobites  were  seen ;  and  in  the  upper  bed  Olenellus  {H.)  hrbggeH  and 
Agraulos  strenuue  were  observed,  the  latter  in  great  abundance.  ]^o 
fossils  were  discovered  in  the  superjacent  slates. 

The  stratigraphic  succession  on  Manuel's  Brook,  as  measured  by  me 
in  August,  1888,  is  as  follows :' 

MANXTEL'S  BBOOK  SKCnON. 

Feet. 

(1)  Coarse  ooDglomerate,  in  inassiTe  layers.    The  material  next  to  the  gneiss 

varies  in  size  firom  bowlders  of  qnartz  and  gneiss  6  feet  in  diameter 
down  to  small  pebbles,  and  in  the  upper  beds  from  pebbles  to  fine  sand.  35 

Strike  N.  80o  E.  (Magnetic) ;  dip  12°  to  13°  N. 

(2)  Irregular  beds  of  calcareous  sandstone,  siliceous  limestone,  and  greenish- 

colored  argillaceous  shale,  coyering  the  irregular  upper  surface  of  the 

conglomerate 0  to  25 

Fossils :  OboUlla  atlaniioik,  HyoliiKeU%u  m%can»y  ffelenia  hella,  Syo- 
litkes  princepSf  H,  impar ,  H,  quadricosiaiua,  H,  timilis,  H,  terranoviouSf 
Scenella  retioulaUif  Stenotheca  nf^o«a,yarietie8acH/a-cofft(r,ef*ecto,  liBviatkud 
pauper,  PlaiyceraB  primofvum,  Miorodiacua  helenat  M.  speeiosus,  Olenellus 
(S,)  brdggerit  Avalonia  manueleneiBf  Agraulos  (5.)  etrenuue  and  var.  no- 
eutue,  Soltnopleura  J>omhi/r<m8,  8,  harveyi  and  S.  howleyi, 

>  Op.  cit,  p.  164. 

*  Waloott,  C.  D:  Str»tigraphic  position  of  the  Olenelliu  faana  in  North  America  and  Europe. 
Jour.  Sot ,  8d  ser.,  toL  31, 18S9,  p.  878. 
•Op.  cit, pp. 880, SSL 
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Feet 

(3)  Greenish  argillaceoiia  sbale,  conformably  subjacent  to2 40 

(4)  Reddish-colored  arj^illaceoas  shale 4 

(5)  Calcareous  sandstone,  with  pinkish  limestone  in  irregular  masses.  ...r..  2 

(6)  Green  argillaceous  shale  with  thin  layers  of  hard,  dark,  ferruginous  sand- 

stone, interbedded  at  several  horizons 270 

Strike  N.  80°  E. ;  dip  12°  N. 

Fossils :  Near  the  base  the  head  of  an  Olenellns  was  found ;  also  frag- 
ments of  an  Agraulos  or  Ptyoho  paria.  At  218  feet  from  the  base  a 
layer  of  pinkish  limestone  contained  the  head  of  an  Agraulos,  like  A, 
«lrefi«iM,  and  many  fragments  of  trilobites.  Fifty -two  feet  higher  up 
quite  an  abundant  fauna  wns  found,  and  the  following  species  were 
collected :  Linguitlla  sp.  a.,  ActoihtU  maUAeiri,  Agfioatus  sp.  a.,  Agnosiua 
sp.  d,,  Paradoxides  hiokHy  Conocoryphe  maithewif  and  Liosiraeus  sp.  a, 

(7)  Dark  argillaceous  shales  with  thin  layers  of  limestone  and  sandstone  at 

various  horizons 295 

Fossils :  Zone  A :  From  10  to  20  feet  from  the  base  the  following  8x>e- 
oies  were  collected :  Lingulella  sp.  a,  lAnnar»9ania  miaera,  Aorothele 
matthewi,  Hyolithes  sp.  a,  Agnostua  3  sp.  a,  h,  o,  MiorodiaoHS  punotatua, 
Paradoxideahiekai,  Conoooryphe(C,)  nuttlhewi,  CeleganifAgrauloaaocialis, 
and  LiostracuB  tener. 

Zone  B :  Forty-five  feet  higher  the  fauna  is  much  larger  and  includes : 
lAmnarsaonia  mUera,  lAngulella  sp.  a,  Orthis  sp.  f,  Stenotheoa  sp.  *,  Agnos- 
tua puuetuosuSf  Agnoaiua  5  sp.  &,  e,  /,  g,  h^  Microdiacua punctatua^  Paradox- 
idea  davidia^  P.  Mekaiy  Paradoxidea,  sp.,  Anopolanua  vanuaiuaf  Conoeoryphe 
eleganaf  Cianooeplmlua  malihewi^  Erinnya  renuloaa^  Ptychoparia  rohhi,  P. 
variolariat  Holooephalina  inflata  and  Agrauloa  aoeialia.  • 

From  235  to  '.250  feet  from  the  base  a  belt  occurs  in  which  a  small 
species  of  Aristozoa  occurs  in  large  numbers,  associated  with  Lingulella 
sp.a,  Agnoaiua  sp.  f ,  and  the  heads  of  a  small  Ptychoparia  t  sp.  undet. 

(8)  Alternating  bands  of  dark  slialo  and  dark,  compact  sandstone  that  carry 

a  small  species  of  Orthis  in  large  numbers 400 

The  section  is  here  cut  off  by  the  shore  of  GoDception  Bay. 

The  fauna  of  ^o.  2  is  essentially  the  same  as  that  of  the  limestones 
of  the  Topsail  Head  and  Brigus  sections,  and  proved  conclusively  that 
the  Olenellus  fauna  is  subjacent  to  the  Paradoxides  fauna. 

Beneath  the  conglomerate  beds  of  Manuel's  Brook  and  between  them 
and  the  subjacent  Archean  gneiss,  there  is,  according  to  Messrs.  Mur- 
ray and  Howley,  a  series  of  red  and  green  sandstones,  conglomerates 
and  massive  sandstone  strata,  which,  according  to  their  tabulated  sec- 
tion, have  a  thickness  of  1,800  feet.  They  are  exposed  on  the  north 
side  of  Trinity  Bay  and  partially  on  St.  Mary's  Bay.  I  think  we  should 
have  more  data  before  deciding  that  this  series  of  1,800  feet  is  really 
subjacent  to  the  Manuel's  Brook  conglomerate;  although  it  is  extremely 
probable  that  such  is  the  case,  judging  from  the  character  of  the  Trin- 
ity Bay  and  Conception  Bay  sections. 

On  the  islands  in  the  bay  the  Upper  Gambrian  horizon  is  well  devel- 
oped. In  the  lower  arenaceous  shales  at  Lance  Gove,  on  Great  Bell  Isl- 
and, were  found  JEophyton  sp.  f ,  Crtmana  semiplicata^  Arthraria  anti- 
quata^  Olenus  sp.  undet,  and  at  a  higher  horizon,  near  the  center  of  the 
island,  Lingulepis  afflnis  and  Idngula  t  murrayiy  with  fragments  of  Cru- 
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ziana.  In  the  sandstone  at  the  sommit  of  Little  Bell  Island,  20  feet 
above  a  band  of  sandstone  carrying  TAngula  f  hillingsiana  and  an  elon- 
gate, narrow  species  of  Lingnlella,  a  long  slender  Hyolithes  T  and  a  broad 
species  of  Hyolithes  occur.  In  the  dark  argillaceous  shales  beneath 
L.  f  bUlingiiana  occurs  in  great  numbers. 

The  conglomerate  (No.  1  of  the  section)  was  traced,  just  north  of  the 
outcrop  of  the  gneiss,  a  mile  to  the  west  of  Manuel's  Brook,  and  the 
shales  and  limestone  of  No.  2  were  seen  in  a  number  of  sections,  rest- 
ing directly  upon  it.  On  the  brook  the  stratigraphic  succession  is  an> 
broken  up  to  the-summit  of  No.  8,  and  the  strata  are  conformable  and 
undisturbed  with  the  exception  of  the  dip  of  12^  to  the  north. 

The  Manuel's  Brook  section  is  the  only  one  known  to  me  on  the 
North  American  continent  where  the  typical  Oleuellns  and  Paradoxides 
faunas  occur  in  an  unbroken  stratigraphic  section.  The  Olenellus 
fauna  is  well  developed  and  typical,  and  the  same  is  true  of  the  Para- 
doxides fauna. 

As  shown  on  the  A  valon  Peninsulatheearly  Cambrian  Sea  transgressed 
across  all  the  preCambrian  rocks,  including  the  Aspidellaslates  and  Sig- 
nal Hill  sandstone  and  the  great  series  of  altered  slates  and  sandstones 
and,  subjacent  to  them,  the  Laurentian  gneisses.  This  unconformity  is 
of  a  similar  type  to  that  between  the  Algonkian  formations  of  the  Lake 
Superior  and  Adirondack  regions  and  the  Upper  Gambrian  sandstone. 
*In  each,  three  groups  of  rocks  have  been  deposited  and  subsequently 
elevated  by  an  orographic  movement  and  eroded  before  the  deposition 
of  the  Gambrian  sediments.  The  relations  of  the  Cambrian  and  pre- 
Cambrian  rocks  are  all  well  shown  upon  the  geological  map  of  the 
peninsula  of  Avalon,  Newfoundland,  1881,  prepared  by  Mr.  James  P. 
Howley. 

NOVA  SCOTIA. 

It  is  very  probable  that  the  Cambrian  group  is  represented  in  the 
gold-bearing  slates  of  the  Nova  Scotia  section,  but  as  yet  the  only 
means  of  correlation  is  the  supposed  stratigraphic  position.  The  prin- 
cipal details  and  arguments  for  including  this  series  in  the  Cambrian 
have  already  been  given  under  the  historical  review.  (Ante,  pp.  66-^9.) 
It  may  be  that  they  represent  in  large  part  a  preCambrian,  Algonkian 
group  equivalent  to  the  St.  John  slates  of  Newfoundland. 

NEW  BRUNSWICK  AND  CAPE  BRETON. 

Our  present  knowledge  of  the  Cambrian  geology  of  the  area  under 
consideration  is  obtained  from  the  reports  of  the  Geological  Survey  of 
Canada,  and  the  numerous  papers  on  the  geology  and  paleontology  of 
southern  New  Brunswick  by  Mr.  G.  F.  Matthew. 

In  the  report  of  the  Geological  Survey  of  Canada  for  1870-'71,  a  de- 
tailed description  is  given  of  the  geographic  distribution  of  the  St. 
John  group  (pp.  134-143);  and  other  details  are  added  in  the  report 
ibr  1878-'79  (pp.  6D--8D).    From  these  reports  and  the  map  accompany* 
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lug  the  latter,  Mr.  O.  F.  Matthew  has  compiled  a  sammary  of  the  infor- 
mation  relating  to  the  St.  John  terrane.    He  says:^ 

The  strata  of  the  St.  John  groap  fill  a  number  of  narrow,  trongh-like  basinB,  lying 
between  the  Bay  of  Fnndy  and  the  central  carboniferons  area  of  New  Brunswick. 
Of  these  basins,  that  on  which  the  city  of  St.  John  is  situated  is  the  most  important, 
and  it  is  here  also  that  the  life  of  the  period  can*  be  studied  to  the  best  advantage. 
The  St.  John  basin  lies  diagonally  across  the  ridges  of  Huronian  rook  that  are  found 
in  the  eastern  part  of  St.  John  County  and  touches  the  ridge  of  Laurentian  rocks 
that  divides  this  county  from  King's.  As  might  natnraUy  be  expected,  the  coarser 
sediments  found  at  the  base  of  the  St.  John  group  are  largely  derived  from  those 
older  rocks,  chiefly  the  Huronian ;  and  the  line  of  division  between  it  (the  St.  John 
group)  and  the  Huronian  formation  is  marked  by  conglomerates  of  mechanical  origin 
which  show  no  trace  of  the  hardening  process  by  which  the  Huronian  conglomerates 
and  breccias  have  been  so  firmly  cemented. 

The  Conglomerates  of  the  St.  John  group  are  most  fully  developed  in  the  eastern 
part  of  the  St.  John  Basin,  under  the  lee  of  the  high  ranges  of  Huronian  hills  which 
exist  in  that  direction.  In  Portland  and  the  city  of  St.  John,  at  the  western  end  of 
the  basin,  tlie  following  section  represents  the  succession  of  members  in  this  group 
in  ascending  order : 

Feet. 
Division  0: 

(a)  Red  Conglomerate — wanting  at  that  part  of  the  basin  where  this  sec- 
tion was  made ••• 

(h)  Bed  and  green  sandy  slates 150 

Division  1 : 

(a)  Coarse  gray  sandstone  or  qnartzite 50 

(b)  Coarse  gray  sandy  slate  (Lingnloid  shells) 50 

(o)  Fine  gray  and  dark  gray  slaty  shales  (Trilobites,  etc.) 25 

(d)  Fine  black  carbonaceous  slaty  shales  (Trilobites,  etc.) 75 

Division  2: 

(a)  Dark  gray  slates  with  thin  seams  of  gray  sandstone 220 

(()  Coarse  gray  slatea  and  gray  flagstones 200 

(c)  Gray  sandstones  and  coarse  slates  (Lingnloid  shells) 130 

Division  3: 

(a)  Dark  gray  finely  laminated  slates .' 450 

(h)  Black  carbonaceous  and  dark  gray  slates,  less  fissile  than  the  last 300 

Division  4 : 

Slates  and  flags,  resembling  2a  and  2b  (Lingnloid  shells) 800 

Division  5 : 

Black  carbonaceous  sUte  like,  36  (Orthids,  Trilobi tea,  etc. ) 450 


2,900 

Beyond  Division  5  the  beds  are  supposed  to  be  repeated  by  an  overturn,  and  have  a 
width  across  nearly  vertical  measures  of  3,000  feet.  Owing  to  this  folding  of  the 
nieasuies  there  is  some  uncertainty  as  to  where  the  summit  of  the  formation  is,  and 
the  section  given  may  not  include  the  whole  series  of  deposits.  The  faunao  of  Divi- 
sions 2  and  5  are  very  imperfectly  known,  but  there  are  much  larger  species  of  Lingn- 
loid shells  in  these  divisions  than  in  Division  1,  and  the  orthids  of  Division  5  are 
different  from  Orthis  HllingH  of  Division  1. 

The  Conglomerate  at  the  base  of  the  St.  John  group  marks  the  time  when  the  sea  of 
the  Acadian  epoch  invaded  the  valleys  of  the  Huronian  formation  near  St.  John.  No 
trace  of  life  has  yet  been  found  in  these  coarse  sediments,  nor  in  the  red  and  green 

>  lUattrAtioiu  of  the  fMinA  of  the  St.  John  gronp.  Roynl  Soo.  Cuiada,  Proo.  and  Traos.,  vol.  1,  oec- 
tioD  4, 1883,  pp.  87-108L    Sapplementary  aectioD,  pp.  271-270. 
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slates  into  which  they  pass.  After  the  colored  mad  of  which  these  slates  are  com- 
posed was  deposited,  an  abrnpt  change  took  place  in  the  character  of  the  deposit,  and 
white  sands  were  evenly  spread  over  the  whole  basin.  It  is  in  the  npper  part  of  these 
sands  that  one  meets  with  the  earliest  traces  of  primordial  life.  These  first  forms  are 
Hngnloid  shells  of  several  genera.  Bach  shells  become  more  abundant  in  the  npper 
part  of  the  white  and  gray  sandy  beds,  and  were  evidently  littoral  species,  as  on 
tracing  the  sandstones  westward  for  half  a  mile  they  are  fonnd  to  change  into  a  gray 
slaty  and  pebbly  deposit — evidently  an  old  beach  line— and  finally  disappear. 

Probably  the  physical  condition  of  the  St.  John  Basin  at  this  early  period  was  nn- 
favorable  to  the  growth  of  the  trilobites ;  bat  the  land  was  sinking,  and  an  a^^ditional 
depth  of  water  in  this  sheltered  area  soon  enconraged  the  growth  and  mnltiplication 
of  the  crastacean  fauna.  As  the  sediment  which  settled  from  the  sea  water  iu  this 
deepening  bay  became  finer,  the  remains  of  marine  animals  were  preserved  in  greater 
nnmbers  and  variety,  so  that  in  the  layers  of  fine  slate  in  Group  e  of  Division  1,  many 
genera  chacteristic  of  the  early  Cambrian  age  are  found. 

In  Group  d  the  slaty  mass  becomes  quite  fine  and  dark  colored,  but  near  St.  John 
is  much  affected  by  slaty  cleavage,  and  the  fossils  are  so  much 'distorted,  especially 
in  the  upper  part,  as  to  be  unrecognizable. 

In  the  beds  of  Division  2,  a  return  of  littoral  conditions,  and  the  influx  of  sand, 
interfered  with  the  prosperity  of  the  crustacean  fauna,  and  as  in  the  lower  sand  beds 
of  Division  1,  linguloid  shells  become  the  prevailing  fossils.  The  Paradoxides  which  I 
will  describe  in  this  article  are  those  of  the  intermediate  mud  beds,  now  converted 
into  a  mass  of  slaty  rock  (Division  I,  c).^ 

On  the  evidence  of  the  contained  fauna,  Mr.  Matthew  correlated  the 
fauna  of  the  Paradoxides  zone  of  the  St.  John  group  with  that  of  the 
Solva  group  of  Wales,  as  defined  by  Dr.  Hicks.* 

In  addition  to  the  section  as  found  at  St.  John  there  is  to  be  added  a 
series  described  by  Mr.  Matthew,  occurring  below  Division  1,  on  Hantbrd 
Brook,  in  the  eastern  part  of  St.  John  G(»unty.  In  the  report  upon 
the  geology  of  southern  New  Brunswick,  by  L.  W.  Bailey,  in  1865,  this 
mass  of  sediments  was  spoken  of  as  the  upper  member  of  the  Ooldbrook 
group  and  distinct  from  the  St.  John  group ;  it  was  subsequently  joined 
to  the  St.  John  group  by  Messrs.  Bailey  and  Matthew  in  a  report  of 
progress  of  the  geological  survey  of  Canada,  1870-71,  p.  59,  because  the 
want  of  conformity  existing  between  the  two  formations  could  not  then 
be  established ;  but  it  is  now  found  that  this  series  is  unconformable 
not  only  to.  the  St.  John  group,  but  also,  as  had  been  previously  dis- 
covered, to  the  underlying  Ooldbrook  group.*  The  section  is  as  fol- 
lows :* 

ThickneM 
in  feet 

1  (a)  Coarse  pnrplisli  red  Conglomerate,  resting  on  an  amygdaloidal  greenstone 

(toadstone)  of  the  Coldbrook  groap 60 

(()  Gray  and  purplish  flags  and  sandstones  with  worm-casts,    seaweeds 

(Palseochorda  and  Buthotrephis),  and  numerous  spicules  of  sponges.. .        70 

(o)  Purplish  red  sandstones,  with  greenish  layers.  Remains  of  seaweeds 
(Phycoidella),  animal  tracks  (Psammnichnites  and  Helmiuthites), 
worm-burrows  (A.renicolites)  etc 240 

>  Op.  cit.,  pp.  87-89. 

*  The  geologic  age  of  the  Acadian  fauna.    The  Primitive  Conoooryphean.    Britinh  Aasoo.  Bep.,  54ih 
meeiiog.  1884,  pp.  742-714. 
■On  a  basal  series  of  Cambrian  rocks  in  Acadia.    Canadian  Record  Science,  vol.  8, 1888,  p.  22. 
*0n  Cambrian  Organisms  in  Aoadla.    Royal  Soc.  Canada,  Trans.,  vol.  7,  Proo.,  seo.  4, 18W,  p.  188. 


WAi/xxrr.J  SUMMARY — NEW   BBUNSWICK.  265 

ThickneM 
in  feet 

2  (a)  Parplish  red  Conglomerate,  more  friable  than  1  a 35 

(b)  Soft  pnrplish  red  shales,  witli  green  glanconito  grains,  the  upper  part 

firmer  and  more  sandy,  greenish  gray  layers  interspersed  especially 
towards  the  base.    Platysolenites,  Obolns,  Volborthella,  eto 175 

(c)  Purplish  sandy  shalee^  with  a  few  bands  of  greenish  shale.    Worm-casts 

(Scolites) 300 

Measures  concealed,  probably  of  this  series 3^ 

1,200 

In  this  series  of  1,000  or  more  feet  of  beds,  the  very  oldest  layers  which  are  fine 
enough  to  preserve  organic  markings,  have  trails  and  casts  of  marine  worms,  and 
also  contain  seaweeds,  one  a  Palseochorda  or  allied  genus,  the  other  a  weed  with  a 
flat  frond  similar  to  Buthotrephia  That  these  beds  are  marine  is  clearly  shown  by 
the  great  numbers  of  spicules  of  hexactinellid  sponges  which  they  contain. 

About  350  feet  above  the  base,  where  the  measures  are  flaggy,  tracks  of  annelids 
are  again  abnndant.  Besides  the  smaller  trails  and  bnrrows,  there  are  frequent 
tracks  of  a  marine  animal,  possibly  a  worm,  similar  to  the  markinss  on  the  Fncoidal 
sandstone  of  Sweden,  which,  by  Prof.  O.  Torrell,  have  lieen  referred  to  the  genus 
Psammichnites.  A  very  similar  track,  with  corresponding  casts,  occurs  on  the  sur- 
faces of  the  purple  streaked  sandstones  (Assise  3)  of  Band  (  in  Division  1,  of  the  St. 
John  group,  and  a  similar  trail  occurs  as  high  up  as  the  lower  band  of  Division  2  of 
that  group.  Above  this  point,  such  markings  have  not  been  found,  though  the  kind 
of  rook — ^flags  and  slates-^is  favorable  to  their  occurrence.  The  flags  of  the  middle  of 
Division  2,  of  the  St.  John  group,  seem  to  be  the  horizon  of  Cruziana  semipUcata 
(Salter)  and  C.  Hmilis  (Billings) ;  but  I  have  not  found  them  here. 

About  100  feet  or  more  above  the  horizon  where  Psammichnites  appears,  separated 
from  it  by  a  Conglomerate,  indications  of  the  Olenellus  fauna  show  themselves. 
These  consist  of  Volborthella  (a  chambered  cell  resembling  an  Orthoceras),  the  cysti- 
dean  genus  Platysolenites,  Pander,  and  a  large  Obolns,  allied  to  Miohwitzia  (formerly 
Oholus  f  or  lAngula  f )  monilifera,  Linrs.,  of  the  Eophyton  sandstone  of  Sweden  and 
the  upper  part  of  the  "  Blue  Clay  "  of  Russia.  Some  of  the  layers  in  this  part  of  the 
aeries  abound  in  soft  green  grains  similar  to  the  glanoonite  g^ins  of  the  Cambrian 
rocks  in  Russia.    The  paste  enveloping  them  is  red. 

A  number  of  beds  between  this  point  and  the  top  of  the  Basal  series  contain  worm- 
casts  and  burrows,  and  some  have  remains  of  small  strap-like  seaweeds. 

In  snmming  ap  the  facts  bearing  on  the  comparative  age  of  this  part 
of  the  Oambrian  rocks  in  Acadia  we  get  no  aid  from  the  typical  genera 
of  this  horizon,  Olenellus  and  Mesonacis,  bnt  the  Acadian  rocks  con- 
tain other  genera  of  this  fanna  which  serve  to  fix  their  age  with  a  cer- 
tain degree  of  accuracy.  Some  of  these  genera,  however,  are  such  as 
may  have  a  wider  range  of  existence  in  time  than  the  trilobites,  and 
therefore  are  not  of  the  same  homotaxial  value.  The  trilobites  that  do 
occnr  are  not  so  definitive  as  some  others.^ 

In  his  latest  table  of  classification  Mr.  Matthew  arranges  the  Oam- 
brian System  as  it  occurs  in  Acadia  as  follows :' 

Localities. 

D. — Upper  Cambrian  (Potsdam  series) Unknown. 

C. — Middle  and  Lower  Cambrian,  Acadian  series St.  John,  etc. 

B. — Lower  Cambrian,  Georgian  series C.  Breton. 

'  A. — Basal  Cambrian,  Etcheminian  series St.  John,  etc. 

■  —  -  -  - 

*Ob.  cit.,p.l43. 

'  O^bp  clu«lflc«tioii  of  the  CambriAn  rocks  in  Aoadia.    "So,  2.    Canadian  Record  of  Science,  voL  S, 
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In  describiDg  in  1888  (at  that  time  called  scries  B)  tlie  Faradoxides 
zone,  or  0  of  the  preceding  tabulation,  the  term  "  stage"  replaces  th 
word  "  division  ^  as  heretofore  used  by  Mr.  Matthew,  and  the  division 
of  the  series  are  given  as  follows  :^ 

Stage  1.— This  inolndes  the  lower  part  of  the  aeries  as  high  up  as  Paradoxidea  ai 
found.    The  divisions  of  this  stage  are  as  follows : — 
Baud  (assise)  a.    Hard  gray  sandstone  or  quartzito.     Fossils,  noneknown«. 
Band  (or  assise)  b.  Dark-gray  sandstones  and  gray  snndy  shales.   Fotisils:^ 

EUipsocephalns,  Agraulos,  Hipponicharion,  Beyrichona,  etc. 
Band  (or  assise)  o.    Gray  shales.    Fossils :  Paradoxides,  Conocoryphe,  Li — 

ostracus,  Microdiscas,  Agnostas,  etc. 
Band  (or  assise)  d.    Dark  gray  shales.    Fossils :  Paradoxides,  Ptyehoparia,.^ 
Soleuopleura,  MIcrodiscns,  Agnostas,  etc.,  of  different  species  from  th< 
in  assise  o. 
Stage  2, — ^This  consists  of  gray  flags  and  sandy  shales.    The  subdiYisions  have  nol 

been  worked  ont,  bat  the  stage  corresponds  to  the  lower  half  of  the  Oleniis^s 
zone  in  Europe.  No  species  of  the  genus  Olenua  have  been  found  in  it. 
Stage  3. — Dark>gray  aiA  black  shales.  Fossils :  Ctenopyge,  Kutorgiua,  Orthis,  etc.  « 
This  corresponds  to  the  upper  half  of  the  Olenus  zone  of  Europe.  The  ^ 
shales  in  Cape  Breton,  which  contain  Peltura  and  Sphssropthalinas,  be-  — 
long  here.  There  are  in  the  St.  John  Basin  gray  flags,  which  overlie  the  ^ 
Ctenopyge  beds,  but  no  higher  stage  than  the  Olenns  zone  has  been  estab- 
lished by  fossils.' 

In  a  series  of  sections  of  Cambrian  rocks  in  Acadia,^  the  upper  0am- 
brian  or  Olenns  beds  are  shown  to  be  present  in  St.  John  Oouuty  in  the 
Portland  section. 

Just  as  this  report  is  going  to  press  (May  1, 1891)  I  received  the  fifth 
contribution  of  Mr.  G.  F.  Matthew  upon  the  fauna  of  the  St..  John 
Group.  In  the  introduction  he  gives  a  description  of  the  structure  of 
the  St.  John  basin  and  sections  of  the  measures  at  St.  John.  He  finds 
that  all  three  of  his  divisions  of  the  Gambrian  are  present.  Division  1 
he  names  Acadian,  Division  2  Johannian,  and  Division  3  Bretonian.* 

The  Gambrian  rocks  of  Gape  Breton  Island  are  described  with  many 
details  by  Mr.  Hugh  Fletcher  in  1877  and  1878,  but  the  various  outcrops 
do  not  appear  to  have  been  well  correlated.  The  section  in  McLean 
Brook,  on  Little  Bras  d'Or  Lake,  is  as  follows:^ 

(1)  Carlnmiferous  con^ZoiiMrate  and  related  rooks 

(2)  Feldspathio  sandstone  and  impnre  limestone,  of  white,  green,  amber,  red, 

and  other  colors,  mixed,  and  in  distinct  beds  of  different  thickness ;  some- 
times associated  with  greenish,  soft,  soapy  rocks,  probably  decomposed  fel- 
sites;  filmsof  hematite  in  the  Joints ^ 254 

1  On  the  olMsiflcfttion  of  the  CambriMi  rooks  of  AcMlla.    Canadiiui  Rec.  Sol.,  yoL  8, 1888,  p.  78. 

'Mr.  Matthew  writes  me  nnder  date  of  October  26, 1890,  that  he  has  fonnd  the  Arenig  graptolitio 
fanna  in  the  St.  John  series,  thus  establishing  the  presence  of  the  Lower  Silurian  (Ordoylcian)  fauna 
above  the  Olenns  zone. 

*  Matthew,  6.  P.  On  the  classification  of  the  Cambrian  rocks  in  Acadia.  Ko.  2.  Canadian  Rec  ScL, 
▼oL  3, 1889,  p.  808. 

*  IllnstrAtions  of  the  fauna  of  the  St  John  Group,  No.  6.  Royal  Soo.  of  Canada,  Trans.,  toI.  8^  1891, 
p.  120. 

'  Report  on  the  geology  of  part  of  the  counties  of  Victoria,  Cape  Breton,  and  Richmond,  H ova  Sco- 
tia.   Geol.  Sur.  Canad.  Rept.  Prog,  for  187&-77.    Montreal,  1878,  p.  431. 
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Feet 
C3)  BlaokiBh  and  g^y  slate,  fine  sandatone,  and  argillaceons  limestone ;  also, 
compact,  feldspathio  rook,  mixed  with  limestone  of  different  colors.    Not 

well  seen 84 

C4)  Dark  and  pale  gray  slates,  with  thin  layers  of  qnartz,  spotted  with  iron 

pyrites  and  mined  for  gold 66 

»)  Greenish  gray,  fine-grained,  pyritous  rook,  resembling  sandstone  and  yield- 
ing easily  to  the  knife 19 

>)  Black  and  gray  argillite,  fnll  of  small  twisted  layers  of  qnartz,  which  are 
sometimes  so  nnmerons  as  to  oonstitnte  an  impnre  qnartzite,  spotted  with 
pyrites.    Associated  with  and  overlie  dark-bine,  plumbaginous  argillite, 

also  fnll  of  pyritoas  quartz  layers 65 

^7)  Bluish-gray,  pearly,  papery  slates,  clefb  in  eyery  direction  and  trayersed  in 

the  bedding  and  across  it  by  streaks  of  oalcspar  and  quartz 30 

CB)  Bluish  felsite,  crystalline  limestone  and  quartSi  confusedly  mixed  in  con- 
torted beds 37 

<9)  Blnish-g^y  ooherentargillite 60 

<10}  Greenish,  decomposed,  ieldspathic  rock,  of  uncertain  thickness 110 

<11)  Bed  ijfenite  in  steeply  rising  hills •••• ..4. 

725 

The  Oambrian  rooks  oooar  as  long  narrow  areas  resting  on  the  subja- 
cent Laorentian  rocks,  as  shown  on  the  map  accompanying  Mr.  Fletcher's 
report  of  1876-'77 ;  and  on  the  map  accompanying  the  report  for  1875-'76. 
In  the  text  of  the  latter  report  the  rocks  are  described  as  they  occur  on 
8t  Andrew's  Ohannel,  and  the  geographic  distribution  is  given  on  the 
map.  From  a  small  outcrop  on  the  Mira  Biver  a  collection  of  trilo- 
bites  was  obtained  that  indicate  the  upper  Cambrian  fauna.  They  in- 
clude, as  identified  by  yLT^Msktihew^PelturasoaraibeoideSj  Sphccraphthal- 
fnu8  alaiuSj  and  Agnostuspmformis^  It  is  not  certain  that  all  the  rocks 
referred  to  the  Lower  Silurian  by  Mr.  Fletcher  belong  to  the  Cambrian 
group,  but  as  far  as  known  all  the  fossils  that  have  been  found  indicate 
the  upper  Oambrian  series. 

MAIKS. 


• 


The  presence  of  typical  rocks  of  the  Oambrian  group  in  the  State 
of  Maine  is  not  yet  proved.  It  is  quite  probable,  as  in  the  case  of  Nova 
Scotia,  that  the  series  of  slates  referred  to  the  Cambrian  actually  belong 
at  that  horizon.  But  until  paleontologic  evidence  is  obtained,  the 
question  will  be  an  open  one.  The  stratigraphio  position  of  the  slates 
and  their  lithologio  character  enable  us  to  speak  of  them  tentatively 
as  belonging  to  the  Cambrian  group.  That  they  were  deposited  in  the 
same  basin  as  the  Oambrian  series  of  New  Brunswick  and  Massachu- 
setts is  not  probable. 

NSW  HAMP8HIRK. 

All  the  references  of  strata  to  the  Cambrian  group  in  New  Hampshire 
are  of  a  provisional  character.    They  are  based  upon  more  or  less  im- 

'  On  the  Cambrian  faansa  of  Ctpo  Breton  and  Newfoundland.    Koyal  Soo.  Canada,  Proo.  and  Trans. 
Tttt4,Me.4. 1887.  p.  147. 
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perfectly  determined  stratigraphic  horizons  and  the  fa^t  that  there  is 
a  thick  mass  of  sediments,  usually  without  fossils  and  largely  argilla- 
ceous in  character,  that  appear  to  be  pre-Silurian  in  age.  By  their  lith- 
ologic  character  they  are  correlated  with  formations  referred  to  the 
Cambrian  group,  as  found  in  Maine  and  Nova  Scotia,  that  have  similar 
lithologic  characters  and  occur  in  a  similar  stratigraphic  position.  All 
these  doubtful  formations  are  in  turn  correlated  by  tlieir  lithologic  c*liar- 
acters  and  supposed  stratigraphic  position  with  the  Cambrian  beds  of 
^Newfoundland  and  New  Brunswick. 

In  speaking  of  the  Mica-schist  series  of  New  Hampshire,  Prof.  O.  H. 
Hitchcock  says  ^  that  there  unquestionably  exists  an  enormous  thick- 
ness of  mica-schists  in  southern  Now  Hampshire  above  the  Huronian 
series.  ^<No  author  who  has  devoted  any  attention  to  these  groups  has 
suggested  an  inferior  position  for  them.  They  may  be  called  Silurian, 
Cambrian,  or  pre-Cambrian,  according  as  each  author  is  inclined  to  re- 
gard New  England,  very  ancient,  or  on  the  verge  of  the  Paleozoic." 

It  is  doubtful  if  these  exposures  should  be  referred  to  the  Atlantic 
Coast  Province.    It  is  done  at  present  as  a  matter  of  convenience. 

BABTBRN  MA88ACHD8S1T8. 

The  description  of  the  Cambrian  rocks  of  the  Boston  Basin,  by  Prof.  W. 
O.  Crosby,  is  the  most  recent  and  the  most  thorough  of  any  we  have, 
and  the  summary  of  our  present  knowledge  of  them  is  taken  mainly 
from  his  paper.    He  says:* 

The  oldest  rocks  whioh  we  baye  fonnd  are  the  Primordial  slates  and  qnartzites, 
and  the  age  of  these  is  certainly  and  definitely  known  only  at  the  Paradoxides  qaarry, 
in  Braintree.  We  appear  to  be  Justified,  however,  in  regarding  them,  provisionally 
at  least  as  all  of  about  the  same  age,  partly  on  account  of  a  general  lithologic  re- 
semblance, bnt  mainly  because  their  relations  to  the  different  classes  of  eruptive 
rocks  are  everywhere  the  same.  In  Weymouth  and  Braintree,  where  we  first  met 
these  rocks,  they  are  either  typical  day  slates  or  slightly  calcareous ;  bnt  along  the 
northern  base  of  the  Blue  Hills  occasional  layers  are  distinctly  siliceous.  They  prob- 
ably underlie  a  large  part  of  the  Boston  Basin,  being  covered  by  the  conglomerate 
and  the  newer  slate ;  and  north  of  the  basin,  as  shown  in  the  ninth  lecture,  they 
occur  in  isolated  areas  among  the  eruptive  rocks.  In  some  of  these  areas,  especially 
in  the  Middlesex  Fells  and  Melrose,  and  In  Wobum,  clay  slate  similar  to  that  in 
Qnincy  and  Braintree  is  repeatedly  interstratified  with  quartzite,  while  toward  the 
southwest,  in  Natick,  and  also  in  Reading  and  Lynnfield,  there  are  extensive  develop- 
ments of  quartzite  with  little  or  no  slate.  It  is  very  clear  that  the  quartzite  north 
and  west  of  the  Boston  Basin  is  the  source  of  the  quartzite  pebbles  which  play  such 
a  prominent  part  in  the  composition  of  the  conglomerate,  especially  in  the  central 
and  northwestern  sections  of  the  basin.  In  general,  the  quartzite  is  more  and  the 
slate  less  abundant  northwestward,  indicating  that  the  ancient  shore  line  along 
which  these  strata  were  deposited  lay  in  that  direction,  and  originally  the  Primordial 
strata  were  probably  spread  continuously  over  all  the  region  to  the  southeast  of 
that  line. 

I  Geological  Bections  across  YemuMit  and  New  Hampshire.    Am.  Mas.  Nat  Hist  Ball.,  vol.  1, 1884,  p. 
168. 
*f  fayaloal  mstory  of  the  Botffka  Bashi.    Lowell  free  leotares.  1889-1800.    Boston,  1889,  pp.  19, 20. 
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The  depoAition  of  the  Primordial  strata  was  followed  by  a  period  of  distnrbanoe  of 

tbis  part  of  the  earth's  crast,  daring  which  they  were  strongly  compresAed,  being 

^'ifowu  into  sharp  folds  having,  in  general,  a  northeast  and  southwest  direction.    Tliis 

appears,  also,  to  have  been  a  period  of  intense  volcanic  activity.    The  quartzite  and 

62at«  were  shattered  and  isolated  by  great  volumes  of  basic  lava,  which  we  now  cull 

'^'orite;  and,  as  indicated  by  the  compact  and  sooriaceous  diorite  of  the  Middlesex 

^dls  and  other  localities,  immense  floods  of  lava  were  also  ponred  out  on  tho  surface, 

^^ocealiog  the  sedimentary  rocks.    In  breaking  through  the  quartzite  and  slate,  tho 

diorite  has  often  followed  the  planes  of  stratification  in  those  rooks,  and  thus  appears 

'^   xuany  cases  to  be  regularly  interstratified  with  them  ;  and  this  bedded  appearance 

^^    the  diorite  is  greatly  increased  by  the  very  perfect  flow-structure  which  was  de- 

^^X^ped  in  large  masses  of  it,  as  well  as  by  the  distinctly  schistose  or  foliated  struc- 

^^^^^^  sometimes  resulting  from  the  subsequent  action  of  both  mechanical  and  chemical 

^^^v^ces.    We  are  thus  able  to  explain  the  fact  that  the  diorite  has  been  frequently 

"^  ^  «taken  for  a  stratified  or  sedimentary  rock. 

*^he  eruption  of  the  diorite  was  probably  followed  by  a  prolonged  period  of  quiet 
^^^^^ioo,  which  was  finally  terminated  by  the  advent  of.  a  second  period  of  intense 
^  *"^ ^  long  continued  igneous  action,  during  which  only  acid  rooks — the  granites  and 


J^^^^ites— were  formed.    All  over  this  region  the  granite  has  broken  through  the  Pri< 
-^rdial  strata  and  the  diorite  in  the  most  irregular  and  intimate  manner. 

Prof.  Crosby  considers  that  after  the  deposition  of  the  argillites  and 
le  eruption  of  the  rocks  oconrrinpf  as  dikes  the  series  was  raised  above 
le  sea  level  and  subjected  to  iong-continaed  erosion,  prior  to  a  down- 
'ard  movement  or  subsidence.    As  the  surface  passed  slowly  below 
le  level  of  the  sea  a  thick  bed  of  conglomerate  was  spread  over  the 
-arlier  series  of  rocks  and  a  fine  silt  or  clay  carried  out  into  the  deep 
"Crater  of  the  ocean.    At  the  same  time  eruptive  rocks  were  repeatedly 
loured  out  over  the  sea  tioor,  where  the  beds  of  gravel  and  sand  were 
Accumulating,  thus  forming  alternating  beds  of  conglomerate  and  sand- 
stone with  beds  of  melaphyr  and  porphyrite.  ^ 
Of  the  subsequent  depositions  of  sediment,  he  says : 

Alternations  of  the  conglomerate  with  beds  of  both  sandstone  and  slate  are  also  of 
common  occurrence,  indicating  oscillations  of  level  during  this  period.  But  the  down- 
ward movement  prevailed,  until  Anally  the  water  became  too  deep  and  quiet  aud 
loo  remote  from  the  shore,  in  this  vicinity,  to  permit  the  formation  of  conglomerate 
and  sandstone ;  but  these  coarse  sediments  were  gradually  replaced  by  slate  during 
the  dying  out  of  the  volcanic  activity.  These  tranquil,  deep-sea  conditions  must 
have  continued  for  a  very  long  time,  for  the  argillaceous  sediments  accumulate  very 
slowly  and  yet  the  slate  series  has  a  thickness  of  from  500  feet  to  fully  1,000  feet  or 
more.  The  slates  are  probably  somewhat  thicker  than  the  conglomerates,  and  were 
doubtless  several  if  not  many  times  longer  in  forming.  Of  the  life  existing  in  the  sea 
at  this  time  we  unfortunately  know  bnt  little,  as  the  slate  is  very  generally  destitute 
of  fossils ;  and  the  full  chronologic  significance  of  the  few  organic  remains  that  have 
been  obtained  from  the  layers  of  limestone  in  the  slate  at  Nahant  is  still  undeter- 
n*Jned.* 

There  is  evidently  an  error  in  Prof.  Crosby's  interpretation  of  the 
stratign^phic  succession  of  the  formations  he  describes,  as  the  fauna  at 
Nahant  is  of  an  older  date  than  that  found  in  the  argillites  at  Braintree. 
If,  however,  the  conglomerates,  with  their  contemporaneous  eruptive 

■Op.  dt, p.  201  *Op.oit.,  p.2L 
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rooks,  belong  to  the  same  series  as  the  East  Point  slate  and  limestone 
the  entire  series  mast  be  referred  to  the  Gambrian.^ 

In  his  report  of  1880  Prof.  Crosby  considers  that  the  strata  of  the 
Boston  Basin  were  deposited  in  a  depression  excavated  in  the  crystal- 
line formations  and  that  there  are  several  formations  belonging  to  the 
Cambrian.  First,  a  conglomerate,  represented  by  the  fioxbnry  pudding- 
stone.  Second,  a  slate  series  which  incloses  the  Paradoxides  zone  in 
South  Braintree.  He  assigns  to  the  conglomerate  a  maximum  volume 
not  exceeding  1,000  feet,  and  considers  that  the  greatest  thickness  of 
the  slate  can  not  be  much  less  than  that  of  the  conglomerate,  although 
in  some  cases  certainly  falling  below  500  feet.'  At  the  trilobite  quarry 
in  Braintree,  the  known  locality  of  ^Primordial  fossils,  the  slate  is  de- 
scribed as  of  a  greenish  gray  color,  <<  somewhat  siliceous,  fine-grained, 
and  remarkably  uniform.  Minute  grains  of  pyrite  are  pretty  generally 
diffused.  In  the  quarry  the  rock  is  apparently  only  very  coarsely 
jointed ;  but  the  weathered  surface  reveals  much  finer  division  by  this 
means.  The  stratification  is  very  massive  and  can  hardly  be  detected, 
except  by  means  of  the  trilobite  remains ;  these  may  be  supposed  to 
lie  in  the  plane  of  the  bedding,  and  according  to  this  indication  the 
strike  is  B.-W.,  and  the  dip  S.  80^-850,  Across  the  strike,  southerly, 
the  slate,  still  apparently  maintaining  a  high  dip  in  tbat  direction,  is 
met  at  a  distance  of  perhaps  300  feet  by  fine-grained  grayish  and  red- 
dish Huronian  granite,  while  on  the  west  the  same  granite  cuts  off  the 
slate  at  about  twice  the  above  distance  from  the  trilobite  quarry ;  that 
is,  the  contact  of  the  two  formations,  as  shown  on  the  map,  is  oblique 
to  the  strike  of  the  slate."  ^  On  the  map  the  slate  series  throughout 
the  Boston  Basin  is  correlated  with  the  slates  at  Braintree,  and  repre- 
sented by  a  common  color. 


iloa  letter  received  from  Prof.  Crosby,  dated  January  27, 1891, he  aays:  "The  Vahaiit  slate  is 
entirely  isolated,  and  oonoeming  its  relations  to  the  conglemerate  we  kiuno  nothing;.  I  have  supposed, 
however,  that  it  should  be  referred  to  the  newer  series,  above  the  conglomerate."  Of  the  general 
geology  of  the  Boston  Basin  he  says : 

"Assuming  that  the  slates  of  the  Boston  Basin  now  knoum  to  be  Cambrian  are  overlain  in  succes- 
sion by  the  conglomerates  and  a  newer  slate  series  (my  present  working  hypothesis),  it  is  still  pos- 
sible, I  suppose,  that  all  these  rooks,  in  the  Boston  Basin,  may  be  Cambrian ;  notwithstanding  the 
marked  unirormity  between  the  conglomerate  and  lower  slates. 

*'  The  weak  points  in  the  stratigraphy  are  (1)  the  general  (not  entire)  absence  of  slate  pebbles  in  the 
conglomerate;  (2)  the  absence  of  clear  sections  showing  the  conglomerate  resting  upon  a  lower  slate 
series.  Wherever  the  base  of  the  conglomerate  is  seen,  it  reposes  upon  the  granite  or /eltite.  Some 
of  the  sections  are  very  clear  and  unmistakable  in  this  respect;  and  apparently  the  same  granite  and 
felsiteare  eruptive  through  tho  Braintree  slates.  It  would,  of  course,  be  difficult  to  prove  Uiat  the 
granites  and  felsites  are  all  of  tho  same  age ;  bat  it  seems  best  to  assume  that  until  the  contrary  clearly 
appears. 

"The  best  general  statement  of  the  stratigraphy  of  this  region  appears  therefore  to  be  this:  A 
lower  slate,  known  to  be  Cambrian ;  cut  in  succession  by  diorite^  granite  and  felaite ;  all  those  rocks 
overlain  unconformably  by  the  conglomerate  of  unknown  age;  and  the  oonglomerate  in  turn  overlain 
conformably  by  a  newer  slate  of  unknown  age. 

"  The  chief  problems  are,  then,  to  determine  which  are  older  and  which  are  newer  slates,  and  to  de* 
tennine  the  age  of  the  conglomerate  and  upper  slate. 

"As  an  indication  of  progress,  we  have  the  discovery  by  Mr.  Woodworth,  Just  reported,  of  fossils 
in  the  slate  of  both  SomerviUe  and  Kewton." 

'Contributions  to  the  geology  of  Bastern  Hassaohnsetts.  Boston  Soo.  Nat.  Hist.  Ocoaaional 
papers,  Ko.  3, 18S0,  p.  2M. 

*Op.eit,p.l93. 


wAixoTT.)  SUMMARY — ^MASSACHUSETTS.  271 

According  to  Dr.  M.  E.  Wadsworth^  the  strata  at  the  trilobite  qaarr.y 
dip  a  little  west  of  soath  at  an  angle  of  55<^.  This  is  nearly  as  given 
by  Mr.  Isaac  Lea  in  1858.'  It  is  qnite  probable  that  the  variation  in 
angle  of  dip  mentioned  by  different  observers  is  owing  to  the  position 
of  the  exposures  in  the  qnarry,  at  the  time  of  their  respective  visits, 
aud  by  their  mistaking  the  cleavage  for  the  plane  of  bedding. 

Dr.  Crosby'  describes  the  rocks  at  East  Point,  Nahant,  as  composed 
of  a  very  dark  gray,  almost  black,  compact  slate,  with  a  strike  N.  GO^  E.; 
aud  nearly  uniform  northerly  dip  of  about  40^.  The  slate  is  inclosed 
in,  and  extensively  cut  by,  the  coarsely  crystalline  pyroxenic  rock  of 
the  Kangus  Head  series.  The  slate,  except  where  it  is  vesicular,  is  of 
a  uniform  grayish  black  color  and  holds  thin  beds  of  linestoue  aggre- 
gating, perhaps,  20  feet  of  calcareous  matter.  The  character  of  the 
limestone  and  its  mode  of  occurrence  are  precisely,  like  those  of  Mill 
Gove,  in  Weymouth,  13  miles  distant.  The  limestones  are  Interstrat- 
ified  with  the  slate  and  not  always  distinguishable  from  it.  The  color 
is  light  gray  and  its  texture  varies  from  compact  to  finely  crystalline 
or  saccharoidal.  Thin  seams  and  veins  of  siliceous  material  become 
evident  on  the  weathered  surface. 

In  the  interbedded  limestones  Mr.  A.  F.  Foerste  discovered  in  1889 
traces  of  a  species  of  Hyolithes  which  he  identified  as  specifically  the 
same  as  a  species  found  in  the  decomposed  limestones  of  North  Attle- 
borough  ^  He  proposed  the  name  Hyolithes  incequilateraliSj  but  I  think 
it  is  identical  with  Hyolithes  communis^  var.  emmonsiy  of  the  Lower 
Cambrian  horizon  at  Troy,  New  York.  He  states  that  the  Nahant  lime- 
stones are  the  equivalent  of  the  red  slates  in  North  Weymouth ;  aud 
that  it  is  very  probable  the  red  slates  and  included  limestones  are 
stratigrapliically  beneath  the  Braintree  Paradoxides  beds.  Also  that 
the  red  slates  of  Mill  Cove,  in  North  Weymouth,  are  of  Olenellus  age 
and  beneath  the  Paradoxides  strata. 

The  district  embracing  the  (Jambrian  rocks  of  Bristol  County,  Mas- 
gachusetts,  is  well  described  by  Prof.  N.  S.  Shaler.    He  says : 

Several  geologists  have  observed  the  fact  that  between  Provideace,  Rhode  Island, 
and  Wrentham,  Iklassachaaetts,  we  have  an  extensive  development  of  interbedded  con- 
glomerates, shaly  slates,  and  sandstones,  the  whole  separated  from  the  other  dctrital 
deposits  of  this  region  by  peculiarities  of  color.  •  *  •  Various  coojccturcs  have 
been  made  as  to  the  age  of  these  deposits.  They  have  been  thought  by  one  observer 
to  resemble  the  Trias,  while  others,  owing  partly  to  their  position,  have  assigned 
them  to  the  Devonian  age.* 

Prof.  Shaler  discovered  fossils  of  the  Lower  Cambrian  or  Olenellus 
zone  in  this  series  of  rocks  in  1883,  wbich  for  the  first  time  gave  data 

*  On  the  relation  of  tbe  Qainoy  granite  to  the  prhuordiol  arKllUte  of  Braintree,  Masaacliusetto.  Boa- 
ton  Soc  Kat.  Ut8t.Proo.,  yoI.  21,  1883,  pp.  274-277. 

'  [On  the  trilobite  forniation  at  Braintree,  Massaohonetts].    Phil.  Acad.  Sol  Proc,  toI.  0, 1858,  p.  205. 

'Contribntions  to  the  CEoology  of  Eauteni  MaMaohaaette.  Boiiton  Soc.  Nat.  Hist.  Occaaional  papers, 
Ko.  a,  I8<»,  pp.  105^  201, 262. 

^  The  Paleonto!ogical  horizon  of  the  limestone  at  Kahant,  Massachnsetts.  Boston  Soc.  Nat.  Hist. 
Proc,  vol.  24, 1h89,  pp.  261-263. 

«0n  the  geology  Of  the  Cambrian  district  of  Bristol  County,  Massaohoaetts.  Boll,  Hus.  Gomp.  Zool., 
Ilavr.  Qui..  YoL  10^  1888,  pp.  13,  li. 
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for  detorraioiiig  the  geologic  age  of  the  deposit.  On  the  east  the  Goal 
Measares  of  the  Karragansett  Basin  occur.  On  the  west  side  he  con- 
siders the  rocks  to  be  of  pre-Oambrian  age,  as  they  consist  mainly  of 
gncissoid  rocks  of  various  composition,  and  a  great  area  of  dark  green- 
ish chloritic  deposits  which  appear  in  part  at  least  to  be  metamor- 
phosed conglomerates  and  shales.  Owing  to  the  large  amount  of  drift 
material  covering  the  country,  no  absolute  contact  with  the  pre-Oam- 
brian  rocks  was  observed,  nor  is  the  overlap  of  the  Carboniferous  upon 
the  Cambrian  sUown  in  any  section. 
Of  the  rocks  he  says : 

The  Cambrian  rocks  exhibit  very  little  sign  of  metamorphio  action.  The  shalea 
indicate  a  slight  amoant  of  infiltration,  and  in  the  conglomerates  the  pebbles  all  re- 
tain essentially  their  original  character,  save  that  they  are  sometimes  slightly  in- 
dented one  into  the  other.  The  cement  of  the  mass  is  not  more  altered  than  is  usual 
with  our  unchanged  conglomerates.  Its  general  characters,  save  for  its  reddish  color, 
is  undistiuguishable  from  the  deposits  of  Millstone  grit  age  in  the  neighboring  coal 
fields.  < 

So  far  fossils  have  been'  found  in  rocks  of  this  section  which  probably  do  not  in 
the  aggregate  include  more  than  100  feet  or  so  of  the  total  section  of  the  Cambrian 
series.  However,  as  these  deposits  are  of  the  same  aspect,  as  all  the  red  slates 
and  conglomerates  of  the  area,  it  appears  at  present  reasonable  to  include  all 
rocks  of  this  description  with  the  above-mentioned  series.  The  total  thickness  of 
the  section  which  I  have  termed  Cambrian  is  not  accurately  determinable.  It  proba- 
lly  amounts  to  not  far  from  2,000  feet.  In  the  main  it  consists  of  thin  bedded  shaly 
layers  which  occasionally  pass  into  moderately  thick,  fine  grained,  greenish  and  red- 
dish slates.  Intermingled  with  these  in  several  levels  we  have  a  numbet  of  layers 
of  conglomerate,  perhaps  as  many  as  half  a  dozen  distinct  beds,  varying  in  thickness 
froru  200  to  300  feet.  In  all  cases  these  conglomerates  are  frequently  interrupted  by 
thin  layers  of  shale  or  sandstone.  •  *  •  The  rocks  from  which  the  pebbles  were 
taken  are  mainly  identifiable  in  the  western  portion  of  the  field  before  described.* 

The  sediments  composing  this  Cambrian  section  appear  to  have  been  derived  from 
rocks  substantially  the  same  as  those  which  now  lie  in  the  field  west  of  the  area. 
Although  fossils  have  been  found  in  a  small  part  of  the  section,  close  study  makes  it 
plain  that  by  far  the  greater  portion  of  the  strata  are  clearly  azoic  The  frequent 
return  of  conglomerate  layers  and  the  coarseness  of  the  pebbles  show  that  during 
most  of  the  time  when  the  beds  were  accumulating  the  region  was  near  shore ;  so, 
too,  the  large  amount  of  sandy  matter  even  in  the  slates  afibrds  a  presumption  that 
the  region  was  not  remote  from  the  coast  line.  About  100  feet  of  shale  beds  have 
been  subjected  to  a  very  careful  search  for  organic  remains.  The  total  thickness  of 
the  deposits  in  which  any  trace  of  life  has  been  found  probably  does  not  exceed  100 
feet,  and  even  in  this  section  only  a  small  part  of  the  rocks  actually  contain  fossils.' 

Prof.  Shaler  suggests  that  the  conglomerates  were  accnmalated  dur- 
ing an  ice  epoch ;  and  he  presents  several  arguments  for  this  view.  He 
stales  that  the  relations  of  the  beds  carrying  the  fauna  at  Korth  Attle- 
borough  with  those  of  the  Paradoxidefi  zone  of  Braintree  are  not  dis- 
coverable by  comparison  with  the  Massachusetts  Bay  and  Narragansett 
deposits.  At  the  time  he  wrote  the  stratigraphic  relation  of  the  Ole- 
nellus  fauna  as  found  at  North  Attieborough  with  the  Paradoxides 
fauna  was  not  known,  except  that  the  Scandinavian  geologists  state 

<Op.olt.,pp.  16^17.  >0p.clfe.,p.l8.  «Op.oit,p.». 
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that  in  their  coantry,  the  Paradoxides  zone  occupied  a  snperior  position 
to  the  Olenellas  zone.  With  the  knowledge  we  no  w  have  of  the  strati- 
graphic  saccession  of  the  Cambrian  faunas,  the  Paradoxides  beds  of 
Brain  tree  are  considered  to  be  superior  to  the  Lower  Cambrian  rocks 
of  Attleborough. 

The  physical  characters  and  condition  of  the  rocks  constituting  the 
formations  referred  to  the  Cambrian  in  th  is  province  indicate  that  they 
were  accumulated  not  far  from  the  shore  liue,  and  th  at  several  fluctua- 
tions in  the  level  of  the  sea  bed  occurred  during  Cambrian  time.  On 
the  coast  of  Labrador  the  accumulation  of  sand  was  followed  by  a 
deepening  of  the  sea  and  the  deposition  of  calcareous  mud.  That  the 
depth  was  not  profound,  is  shown  by  the  character  of  the  limestone  and 
its  fauna,  and  the  presence  of  lenticular  masses  of  red  and  green  shale. 
The  231  feet  of  sandstone,  and  140  feet  of  limestone  in  the  section  rep- 
resent only  a  portion  of  the  Lower  Cambrian  or  Olenellus  zone.  Two 
hundred  miles  to  the  south,  on  the  west  coast  of  Newfoundland  the 
presence  of  605  feet  of  slate  beneath  the  alternating  series  of  limestone 
and  qnartzite,  over  1,000  feet  in  thickness,  tell  the  same  story  of  rela- 
tively shallow  water  accumulation. 

On  the  Atlantic  coast  sidC;  at  Canada  Bay,  thQre  are  2,500  feet  of 
slate,  conglomerate  and  eruptive  rock,  subjacent  to  a  series  of  lime- 
stones and  slates  nearly  3,000  feet  in  thickness.  There  is  here  a  greater 
development  of  limestone  than  anywhere  to  the  south  along  the  At- 
lantic  coast  line.  It  appears  to  have  accumulated  upon  the  bed  of  a 
protected  sea  not  far  distant  from  the  shore  and  to  have  been  frequently 
interrupted  in  deposition  by  the  throwing  down  of  a  considerable  thick- 
ness of  argillaceous  mud. 

In  southeastern  Newfoundland  the  assembled  sections  have,  accord- 
ing to  Messrs,  Murray  and  Howley,  a  thickness  of  nearly  6,000  feet,  of 
which  128  feet  are  limestone,  and  the  remaining  portion  argillaceous 
and  arenaceous  deposits.  In  the  section  on  Manuel's  Brook  a  conglom- 
erate rests  upon  the  pre-Cambrian  gneiss,  and  upon  the  upper  bed  an 
irregular,  arenaceous  limestone  in  which  layers  of  more  or  less  i)ure 
limestone  occur.  This  limestone-forming  epoch  was  of  very  short  dura- 
tion, and  was  succeeded  by  an  accumulation  of  clay  that  now  forms  a 
series  of  shales  nearly  1,000  feet  in  thickness  before  sandy  layers  ap- 
pear. When  once  the  sandstones  begin  to  alternate  with  the  shales, 
they  continue  on  up  to  ttie  summit  of  the  group  and  are  very  abundant 
in  the  Upper  Cambrian.  The  sediments  of  southeastern  Newfoundland 
were  accumulated  in  bays  of  the  pre-Cambrian  sea  and  derived  almost 
entirely  from  thd  adjacent  shore,  either  as  sand  and  silt,  worn  from  the 
rocks  by  the  sea,  or  brought  down  to  it  by  tributary  streams. 

The  4,000  feet  or  more  of  rocks  in  the  New  Brunswick  section  are 
filmost  entirely  shales  with  a  few  sandstones  and  basal  conglomerates« 
3aU.  81 18 
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It  is  the  record  of  the  accaninlatiou  of  sediments  in  a  giadaally  deep- 
ening sea. 

The  eastern  Massachusetts  section  is  largely  formed  of  shale,  except 
in  the  lower  part,  where  a  small  proportion  of  limestone  occurs  in  the 
Olenellns  zone,  much  as  in  the  southeastern  Newfoundland  section. 

The  great  thickness  of  shales  referred  to  the  Cambrian  in  Nova 
Bcotia,  Maine,  and  New  Hampshire  probably  represents  much  more 
than  the  Cambrian  group,  or  it  may  be  entirely  a  pre-Cambrian  forma- 
tion or  a  post-Cambrian  formation.  It  is  only  probable  that  they  are  of 
Cambrian  age.  They  may  represent  deep-water  accumulations  in  which 
no  organic  remains  were  buried. 

As  a  whole,  we  may  regard  the  Atlantic  Coast  Province^  during  Cam- 
brian time,  as  including  bays  and  the  adjacent  shores  of  the  Algonkian 
land,  in  and  along  which  sediments,  mostly  of  an  argillaceous  and 
arenaceous  character,  accumulated.  The  relative  level  of  the  sea  bed 
varied,  but  in  the  main  the  depression  greatly  exceeded  the  elevation. 
The  depth  of  water  in  which  the  sediments  forming  the  limestones  and 
shales  accumulated  was  probably  considerable,  but  not  a  deep  sea  in 
the  present  sense  of  the  term.  A  few  hundred  or  a  thousand  feet  on  a 
gradually  sinking  sea  bed  (in  relation  to  the  coast  line)  would  give  the 
required  conditions.  From  the  character  of  the  sediments  and  the 
faunas  it  is  probable  that  land  barriers  existed  to  the  eastward  of  the 
present  coast,  and  that  none  of  the  deposits  were  accumulated  off  the 
shore  facing  the  open  ocean. 
As  left  by  erosion  the  Lower  Cambrian  now  occurs  on  the  Labrador 

coast,  on  the  western  and  eastern  sides 
of  Newfoundland,  in  New  Brnnswick, 
and  eastern  Massachusetts.  The  Mid- 
dle Cambrian  has  been  recognized  on 
the  eastern  coast  of  Newfoundland,  in 
New  Brunswick,  and  eastern  Massa- 
chusetts. The  Upper  Cambrian  is 
known  in  southeastern  Newfoundland, 
^b3ff^      Cape  Breton  Island,  New  Brunswick 

no.  l.-Typlcal   Action,  of  the  AtU.Uc      ^°^   doubtfully    OU     the    SOUthwCStem 

coiuit  Provinoe.  Vertical  scale.  6,400  feet    coast  of  Newfoundland.    (See  PI.  n.) 

to  the  inch. 

APPALACHIAN  PROVINCE. 

The  Appalachian  Province  includes  the  outcrops  of  Cambrian  strata 
on  the  line  of  the  Appalachian  System  of  Mountains,  from  the  Gulf  of 
St.  Lawrence  on  the  north  to  Georgia  and  Alabama  oq.  the  south. 

For  convenience  in  presenting  geologic  data  the  Appalachian  Prov- 
ince is  divided  into : 

A. — ^Northern  Appalachian  District. 
B. — Southern  Appalachian  District. 
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KOBTHBRN  APPALACHIAN  DISTRICT. 

The  Northern  Appalachian  District  inclades  the  Hudson  River  and 
Lake  Champlain  area,  east  of  the  river  and  lake,  and  an  extension 
northeastward  into  Canada  as  far  as  the  vicinity  of  Gape  Rosier  on  the 
GaTf  of  St.  Lawrence. 

The  geographic  distribution  of  the  Cambrian  strata  of  the  Northern 
Appalachian  District,  south  of  the  Canadian  extension,  is  deline- 
ated on  a  geologic  map  of  eastern  New  York  and  western  Vermont 
published  in  1888  by  Mr.  C.  D.  Walcott^  On  this  map  the  "Gran- 
ular Quartz,"  "Red  sandrock,"  "Georgia  slate,''  and  Potsdam  sand- 
stone are  differentiated  as  far  as  the  known  data  would  permit. 
The  stratigraphic  relations  of  the  various  divisions  in  Vermont  are 
shown  in  a  series  of  sections  by  Prof.  C.  H.  Hitchcock,^  and  for  New 
York  by  a  section  on  the  above-mentioned  map. 

The  "Granular  Quartz"  is  found  on  the  western  side  of  the  Archean 
rocks,  from  southeastern  New  York  and  western  Connecticut  northward 
to  Massachusetts,  and  into  Vermont  nearly  to  the  Canadian  border.  The 
exposed  outcrop  is  more  or  less  interrupted  because  of  the  removal  of 
the  rock  by  erosion  or  its  concealment  by  superjacent  deposits. 

In  Vermont  the  "  Granular  Quartz"  is  a  very  compact,  hard  rock  that 
passes  into  a  number  of  varieties.  It  is  described  in  the  Geology  of 
Vermont'  as  granular,  gray,  or  reddish  quartz  rock ;  fine  granular  or 
arenaceous  quartz  rock :  granular  porous  quartz,  or  psendo-buhrstone; 
quartzose  aggregate ;  quartzose  breccia ;  quartzose  and  micaceous  con- 
glomerate. There  are  also  associated  with  it  talcose  and  mica  schists 
and  limestone.  The  quartzite  is  remarkably  compact  and  enduring, 
and  it  occurs  in  bowlders  all  over  the  southern  part  of  Vermont,  in 
Massachusetts,  New  York,  and  Connecticut,  many  miles  from  the  parent 
ledges.  Along  the  range  of  the  rocks  the  bowlders  cover  the  surface, 
and  in  some  instances  this  is  the  only  way  in  which  the  line  of  outcrop 
of  the  formation  is  indicated.  Details  of  the  geographic  distribution 
in  Vermont  are  given  in  volume  1  of  the  Geological  Survey.  A  sec- 
tion of  973  feet  was  measured  in  East  Dorset  by  Prof.  C.  H.  Hitchcock, 
and  the  thickness  of  the  formation  in  Vermont  is  estimated  at  1,000 
feet.  It  retains  its  essential  characters  in  passing  southward  into 
Massachusetts,  New  York,  and  Connecticut. 

On  the  western  summit  of  Clarksburg  Mountain,  northeast  of  Wil- 
liamstown,  the  basal  bed  of  the  quartz  series  is  a  conglomerate,  resting 
nnconformably  upon  pre-Cambrian  gneiss.  The  conglomerate  is  suc- 
ceeded by  beds  of  quartzite,  usually  compact,  hard,  fine  grained,  and 


'The  Taconlo  syBtem  of  Bmmons  and  the  use  of  the  name  Taoonlo  in  geologic  nomeDclatare.  Am. 
Jonr.  ScL.  3d  8er.«  toI.  35, 1888,  pp.  229-242, 307-327. 394-401. 

>  Geological  Motions  acroM  Yermont  and  New  Hampshire,  Am.  Mas.  Nat  Hist  BalL,  roL  1, 1884,  pp. 
15&-179,  pLzrixYli. 

*HitohooQk,  C  H.  Hyposoio  and  Faleoxoio  rooks.  Beport  on  the  geology  of  Yeimout,  roL  1, 1861, 
F.S42. 


276  THE   CAMBRIAK.  (bull-IL 

of  a  light  gray  color,  in  layers  varying  from  a  few  inches  to  2  or  3  feet 
and  even  np  to  6  feet  in  thickness,  on  the  spurs  to  the  north  of  Glarks- 
burgh  Mountain.  In  the  town  of  Bennington,  a  few  miles  further 
north,  the  writer  measured  a  section  of  the  quartzite  400  feet  in  thick- 
ness. It  is  formed  largely  of  light  gray,  nearly  white,  compact,  fine 
grained,  and  massive  bedded  quartzite,  with  alternating  beds  of  hyaline 
quartz.  At  this  locality  fossils  other  than  the  Scoliihns  borings,  which 
were  known  to  occur  at  a  number  of  localities  in  Vermont,  were  found 
in  1887  for  the  first  time  iu  situ  in  the  quartzite.  The  species  belong 
to  the  genera  Nothozoe,  Hyolithes,  and  Olenellus.  Traces  of  a  trilo- 
bite,  apparently  of  the  genus  Olenellus,  were  also  found  100  feet  above 
the  gneiss  on  the  western  summit  of  Clarksburg  Mountain.  In  the 
bowlders  on  the  line  of  the  outcrop  of  quartz,  to  the  north  of  Benning- 
ton, traces  of  fossils  have  long  been  known,  among  which  are  Nothozoe 
vermontana^  Hyolithes  communuty  and  Olenellus  thotnpsoni. 

Prof.  J.  D.  Dana  describes  the  quartzite  in  its  extension  into  western 
Massachusetts,  western  Connecticut,  and  eastern  New  York.  It  varies 
very  little  from  the  characteristic  features  shown  at  the  north,  and 
from  its  disturbed  condition  no  sections  were  obtained  of  its  entire 
thickness.  At  Stissing  Mountain,  in  Dutchess  County,  New  York,  it 
rests  upon  the  Archean,  and  is  a  massive  bedded,  compact  quartzite, 
in  which  the  genus  Olenellus  and  Camerella  minor  have  been  found.  It 
here  passes  above  into  a  limestone  in  which  Hyolithellusmicans^  a  chox- 
acteristic  Lower  Cambrian  species,  occurs.^ 

In  a  paper  read  before  the  Geological  Society  of  America  at  its  sec- 
ond annual  meeting,  December  30, 1890,  Dr.  J.  E.  Wolff  gave  an  ac- 
count of  the  discovery,  by  Mr.  A.  F.  Foerste  and  himself,  of  fossils  of 
Lower  Cambrian  age  in  the  limestones  of  the  East  Eutland  Valley. 
The  limestones  rest  conformably  upon  the  quartzite  which  carries 
Olenellus  in  Bennington  County.  Dr.  Wolff  identified  the  species  an 
Kutorgina  sp.  f  and  Salterella.*  The  evidence  of  the  Lower  Cambrian 
age  of  the  limestones  is  not  fully  proved,  as  the  two  genera  may'range 
up  into  the  Middle  Cambrian. 

He  mentioned  that  in  the  West  Eutland  Valley,  and  in  the  valley 
between  the  West  Rutland  and  East  Rutland  Valleys,  the  limestones 
contain  fossils  of  Calciferous  Chazy-Trentou  age,  or  those  which  will 
be  found  above  the  Cambrian  horizon.  From  his  section  it  is  probable 
that  the  Middle  and  Upper  Cambrian  faunas  will  be  found  to  range  up 
into  the  limestones  beneath  the  Calciferous  horizon,  as  has  been  dis- 
covered by  Prof.  W.  B.  Dwight  in  Dutchess  County,  New  York,  and 
Prof.  Frank  Nason,  in  Sussex  County,  New  Jersey. 

As  a  whole,  the  ^^ Granular  Quartz"  may  be  said  to  consist  of  a  shore 
deposit  accumulated  along  the  western  shore  of  the  Green  Mountains 


*  The  Taoonio  system  of  Emmons  and  the  use  uf  the  name  Taconio  in  Qeologlo  nomenolatare.    Am 
Joar.  Soi.,  3d  ser.,  voL  85, 1888,  p.  23«. 

•  Bull.  Geol  Soo.  Am.,  YOL  2, 1891,  pp.  334, 839. 
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dnring  early  Oambrian  times;  the  sediments  vary  from  pure  qaartz 
sand  to  miztnres  of  sand  and  argillaceous  and  calcareous  mud. 

The  ^'Bed  Sandrock"  series  is  confined  almost  entirely  to  northern 
Vermont,  not  appearing  south  of  Addison  County.  In  the  northern 
part  of  Addison  County  it  comes  into  contact  with  and  merges  into  the 
^*  Oranular  Quartz  "  series.  It  has  not  been  recognized  in  contact  with 
the  Archean  rocks  of  the  Green  Mountains.  From  this,  and  its  having 
less  of  the  character  of  a  shore  deposit  and  from  its  occuq-ing  west  of 
the  line  of  outcrop  of  the  *'  Granular  Quartz,"  it  is  quite  probable  it  is 
a  deeper  water  accumnlatton,  though  contemporaneous  with  the  ^'Gran- 
alar  Quartz."  The  Georgia  slates,  in  the  town  of  Georgia  and  in  north- 
em  Vermont,  are  conformably  superjacent  to  the  "Red  Sandrock.'* 
As  the  formation  is  traced  to  the  south,  the  "  Ked  Sandrock  "  series 
disappears,  and  the  Georgia  slates  and  shales,  with  their  interbedded 
limestones  and  sandstones,  represent  the  entire  Cambrian  section ;  so 
it  is  very  probable  £hat  the  Georgia  series  as  found  in  southern  Ver- 
mont and  eastern  New  York  represents  or  is  equivalent  to  the  "  Gran- 
ular Quartz"  and  the  "Bed  Sandrock."  The  "Granular  Quartz"  has 
been  described  separately,  but  it  is  more  convenient  to  unite  the  ''Red 
Sandrock"  and  the  Georgia  slates,  because  the  sections  usually  show 
the  latter  resting  conformably  upon  the  "Red  Sandrock"  series  through- 
ont  northern  Vermont.  The  geographic  distribution  of  the  Canadian 
extension  of  the  "  Red  Sandrock-''  and  the  Georgia  slates  is  shown  on 
a  map  by  Sir  Wm.  E.  Logan,  entitled  "The  distribution  of  the  rocks 
belonging  to  the  Potsdam,  Quebec,  and  Trenton  groups  of  the  east  side 
of  Lake  Champlain,"  accompanying  an  Atlas  of  maps  and  sections  of 
the  Report  of  Progress  of  the  Geological  Survey  of  Canada  for  1863, 
published  in  1865.  The  formations  extend  north  of  the  boundary  line 
about  5  miles,  where  they  appear  to  have  been  cut  out  by  faults  that 
bring  the  superjacent  formations  into  contact  with  them. 

The  "Red  Sandrock"  series  consists  of  white  and  red  dolomites  and 
sandy  layers.  Some  of  the  strata  are  mottled  red  and  white,  and  a  few 
are  brick  red  or  Indian  red.  Some  beds  contain  a  considerable  amount 
of  siliceous  sand,  and  all  weather  a  yellowish  or  reddish  brown.  They 
are  also  interbedded  with  gray  argillaceous  limestones  and  buff  sandy 
dolomites  weathering  brown.  This  description  is  taken  from  Logan's 
notes  on  the  fbrmation  near  the  Canadian  boundary.  To  the  south,  in 
the  town  of  Georgia,  Franklin  County,  Vermont,  they  form  a  bluish 
gray  dolomitic  limestone,  followed  by  a  steel-gray  dolomitic  limestone 
that  passes  into  a  mottled  limestone  or  the  Winooski  marble.  This  in 
turn  is  subjacent  to  gray  dolomitic  limestones  in  massive  layers,  some 
of  which  are  mottled  reddish  and  white,  though  the  larger  part  are  gray 
and  yellow.  Still  higher  up  the  reddish  pink  dolomitic  limestones  ap- 
pear. There  are  many  variations  in  the  color  and  composition  of  this 
series  between  the  Canadian  border  and  its  point  of  disappearance  40 
miles  to  the  soutlu 
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The  Georg^A  slate  series,  according  to  Prof.  O.  H.  Hitchcock,  consist 
in  Vermont  of  several  varieties  of  rock.*  They  are  (1)  clay  slate;  (2) 
roofing  slate ;  (3)  clay  slate  approximating  to  micaceous  sandstone ;  (4) 
varioas  kinds  of  limestone;  (5)  brecciated  limestone;  (6)  conglomerate 
formed  of  pebbles  of  limestone. 

A  carefully  measured  section  extending  up  through  the  <^Bed  Sand- 
rock  "  and  Georgia  series,  beginning  at  the  base  of  the  western  face  of 
the  cliff  overlooking  the  level  that  reaches  to  the  shore  of  Lake  Cham- 
plain,  in  the  town  of  Georgia,  Franklin  County,  Vermont,  and  extend- 
ing southeastward  to  Parker's  quarry,  a  little  south  of  the  Georgia 
post-office,  gives  the  following:* 

Feet 

(1)  Massive  bedded,  blaish  gray  doloniitic  limestone,  with  many  inoscnlating 

threads  and  bunches  of  a  yellowish-drab  sandy  limestone  that  weathers 

in  relief « 35 

(2)  No.  1  passes  into  a  steel-gray  dolomitic  limestone  that  weathers  to  a  dark 

bnff  and  bluish  black,  with  angular  fragments  of  bluish  gray  limestone 
appearing  irregularly  at  the  surface.  At  160  feet  from  the  base  the  first 
band  of  mottled  limestone,  "Calico"  or  Wiuooski  marble,  is  met  with. 
The  latter  grades  into  a  reddish  dolomite,  free  from  mottling,  and  then  in 
a  gray  limestone.    (Fossils,  Hyolithellus  f ) 200 

(3)  Gray  dolomitic  limestone  in  massive  layers,  some  of  which  are  mottled,  red- 

dish and  white,  but  the  larger  part  are  gray  and  yellow.  Many  of  the 
gray  layers  break  up  into  a  columnar  structure,  the  columns  being  at 
right  angles  to  the  bedding.  In  a  reddish-colored  I imestone,  200  feet  from 
the  base,  a  slender  elongate  tube  occurs,  probably  Hyolifhelliu  mieans  . . .       475 

(4)  Reddish  pink,  dolomitic  limestone,  weathering  to  a  reddish  brown  and  de- 

composing on  the  exposed  edges  to  an  arenaceous,  dark,  brownish-red 
rock  that  shows  numerous  fragments  of  fossils:  Kutorgina  labradorioa, 
Obolella  (f)  sp.,  Salterella  pulchella  (f),  Ptychoparia  adanWf   Olenellus 
thompsoni 100 

(5)  Gray  arenaceous  limestone  in  rough,  massive  layers,  passing  into  more 

evenly  bedded,  light  gray,  arenaceous  limestone.    Fossils  similar  to  those 

in  4  Qfscnr  in  the  lower  portion 190 

Total  thickness  of  limestone 1,000 

(0)  Georgia  shales. — ^Argillaceo-micaceous  and  arenaceous  shales,  containing 
numerous  fossils,  at  Parker's  ledge,  and  showing  deposition  contact  on 
No.  5 200 

Strike  at  Parker's  Quarry,  N.  30°  E.,  dip  8°  to  12°  E. 

The  fossiliferous  shales  at  Parker's  Quarry  contain :  PalasophyouB  in- 
oipiens,  P.  congregatuSy  Diplograptud  simplex  [now,  181K,  Phyllograptus  (?) 
cambrensis"],  Clinmcograpiw  (t)emmon8if  Kutorgina  cingulata,  Orthisina  ori- 
entalis,  O.  festinata,  O.  transversa,  O.sp,  (f),  Microdiscus  parkeri,  Mesonadt 
vermoniana,  Olenellus  th4>mp8onif  Olenoides  marcouiy  Balhynotus  holopyga^ 
Ptychoparia  adamsi,  P.  vulcanus,  Protypus  hiichoooki,  P.  senecttu,  and 
P.  senectus  \akr,parvulus. 

>  Rypozolo  and  Paleotoic  rooks.    Report  on  the  geology  of  Yerraont.  rol.  1, 1861,  p.  358. 

>  Walcutt,  C.  D.  Second  contribation  to  the  studies  of  the  Carabrian  faunas  of  North  America.  U. 
B.  Geol.  Survey,  Bull.  No.  80, 1888,  pp.  15, 17. 

'A  mile  south  of  the  lino  of  the  section  about  75  feet  of  arenaceous  limestone  occurs  beneath  this 
bed.  Fifty  feet  from  the  base  I  foand  during  the  summer  of  1890  OboltUa  eratsa  f,  SaUerella  sp.  t 
^yoIitAM  2 sp.,  and  fhtgments  of  a  species  of  Olenellus.  A  fevr  fact  bi^iher  in  the  section  the  heads  of 
Protypus  sp.  t  and  of  Olenellus  sp.  t  were  found.  Traces  of  the  Olenellus  fauna  were  also  found  at  points 
85^  Ifia;  and  193  feet  above  the  lowest  horixon. 
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(7)  Bast  of  the  Parker  quarry  the  rooks  are  argillaceous  shales,  with  oocasional 

layerp  of  hard  gray  limestone  one-half  of  an  iooh  to  2  inches  thick,  that 

carry  numerous  fragments  of  alinguloid  shell 3,600 

Strike  of  shales  near  top  of  7,  N.  40^  to  60^  E.,  dip  60°  SE. 

(8)  liight  gray  quartzite..... 50 

(9)  Gray  limestone  in  massiye  layers,  with  oocasional  intercalated  bands  of 

hard  argillaoeons  shale  similar  to  that  beneath  the  limestone.  Many  of 
the  beds  of  limestone  appear  to  have  been  broken  up  into  fragments  and 
recemented  in  situ 1,700 

Ayerage  strike  of  limestone  beds  N.  50^  E.,  dip  50^  to  90^ ;  average  dip 
60°  SE.    ^ 

In  this  limestone  belt,  1  mile  north  of  where  the  section  crossed,  a  few 
fossils  were  found ;  Lin^itZa,  n.  sp.,  Orihiti'Mk  undt.  (fragment),  CamertlXa 
undt.  (probably  new),  Agnostua  like  A,  orion,  and  Ptychoparia  like  F. 
adamH. 
(tO)  Argillaceous  shales,  very  similar  to  those  in  the  Parker  ledge,  continue  on 
up  to  the  opposite  side  of  the  line  of  the  Vermont  Central  Railroad  track. 
At  the  base  the  shales  rest  conformably  against  the  limestone  of  9,  and 
above  appear  to  be  cut  off  by  a  fault. 

Strike  N.  50^  £. ,  dip  &Pto8(P  SE.,  for  a  distance  beyond  the  limestone ; 
the  "dip  then  decreases  and  does  not  exceed  20^  for  a  long  distance,  until 
within  1,000  feet  of  the  railroad  track,  where  the  shales  become  coarser 
and  changed  by  addition  of  arenaceous  material,  and  the  dip  increases. 

Total  thickness  to  fault  line  of  No.  10,3,500  to  4,500  feet. 

No.  8  of  the  section  when  traced  on  its  strike  to  the  southwest  increases  in  force 
very  rapidly  to  the  thickness  of  500  feet  or  more,  and  also  changes  from  a  quartzite  to 
a  more  or  less  calcareous  sandstone,  containing  irregular  fragments  of  argillaceous 
shale.  Followed  to  the  northeast,  it  soon  disappears  and  the  limestones  rcHt  directly 
on  the  shales.  Continuing  northeast  on  the  limestone  (9),  it  is  found  to  decrease  rap- 
idly, and  a  mile  northeast  of  where  it  is  over  1,500  feetan  thickness  the  width  across 
the  outcrop  is  not  over  150  feet,  and  soon  the  shales  above  it  and  those  below  it  come 
together,  the  limestone  having  disappeared.  Southwest  of  the  line  of  the  section  the 
width  of  the  outcrop  narrows,  and  north  of  Georgia  Plains  post-office  the  entire 
section  is  covered  by  beds  of  sand. 

No.  9  appears  to  be  a  great  lenticular  mass  of  limestoue  (lentile  of  Marcou)  with 
intercalated  beds  of  argillaceous  shale,  and  more  rarely  wtth  arenaceous  beds  imbedded 
in  the  argillaceous  shales.  The  fauna  is  Cambrian  in  character,  and,  in  the  absence 
of  Olenellus  and  other  typical  Middle  [now  Lower]  Cambrian  fossils  approaches  that 
of  the  Upper  Cambrian  or  Potsdam  sandstone. 

,  A  section  taken  east  of  Higbgate  Springs  beginning  on  the  east 
side  of  the  same  fanit  as  the  Qeorgia  section,  gives  a  slightly  greater 
thickness,  and  more  arenaceous  matter  in  the  limestoue  series  beneath 
the  Greorgia  shales.  The  limestones  are  here  1,170  feet  in  thickness  and 
the  Georgia  shales  1,000  feet,  above  which  there  is  apparently  a  con- 
formable series  of  calcareous  sandstones,  with  a  thickness  of  850  feet,  to 
Inhere  they  are  cut  off  by  a  fault  line.  A  section  measured  east  of  the 
village  of  Swanton,  does  not  show  as  great  a  thickness  of  the  limestone 
beneath  the  Georgia  shale,  and  a  fault  line  cuts  obliquely  across  the 
shale.  On  the  east  side  of  the  fault  200  or  300  feet  of  shales  occur,  and 
many  layers  of  conglomerate  limestoue,  the  fragments  of  limestone 
varying  in  size  from  small  pebbles  to  masses  6  feet  in  diameter.    The 
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fossils  in  the  limestone  conglomerate  have  an  Upper  Cambrian  aspect, 
and  include  Lingula  sp,  f,  Agnostus  spjj  Amphion  spJj  Bathyurus  sp.  f 
Below  the  horizon  of  the  conglomerate  and  in  situ  in  the  shales,  there 
were  found  the  genera  Lingulella,  Agnostus,  Ptychoparia  and  Solenop- 
leura.  With  the  exception  of  the  Solenopleura  the  species  appear  to  be 
identical  with  those  of  the  limestone  lentile  (9)  of  the  Georgia  section. 
A  section  measured  east  of  Swanton  by  Sir  William  E.  Logan  gave  but 
520  feet  of  the  limestone  (Red  Sandrock)  series.^  Bnt  farther  to  the 
north,  nearly  on  the  tine  of  the  Canadian  boundary,  he  found  1,4 10  feet 
of  limestone  in  the  section,  proving  that  this  portion  of  Cambrian  ter- 
rane  thickens  rapidly  to  the  north. 

Tb(!  section  measured  in  the  town  of  Georgia  is  the  most  complete  yet 
taken  in  Vermont  (ante.,  pp.  278, 279).  At  the  base  a  great  beltof  dolo- 
mi tic  limestone  1,000  feet  in  thickness  rests  against,  and,  by  an  overthrust 
fault,  overlaps  the  Trenton  limestone  of  the  Lower  Silurian  (Ordoviciaii). 
What  was  origi  nally  beneath  the  Cambrian  limestone  is  yet  undetermined. 
In  the  Highgate  section  the  limestone  belt  is  nearly  1,200  feet  thick.  The 
base  is  unknown,  and  it  does  not  appear,  so  far  as  I  know,  in  the  section 
between  the  boundary  of  the  United  States  and  Canada  and  the  out- 
crop in  the  town  of  Georgia.  I  have  suggested  that  the  great  mass  of 
shaly  argillite  east  of  the  Vermont  Central  Railway  track  in  the  Georgia 
section  may  be  older  than  the  limestone  at  the  base  of  the  section,  bat 
until  further  evidence  is  obtained  this  is  merely  conjectural.* 

During  the  field  season  of  1890  I  studied  the  '^Bed  Sandrock"  series 
of  the  Georgia  section,  and  found  a  little  to  the  south  and  at  the  base 
of  the  original  section  that  there  was  a  band  of  buff-colored  calcareous 
sandstone  some  50  feet  in  thickness.  In  the  upper  beds  of  this,  Obo-^ 
lella,  like  Obolella  ernsaa,  Uyolithes  americanusy  JS,  eommuniSj  H.  sp. 
undt.,  HyoUthellus  micanSj  and  fragments  of  Olenellus occur.  Inalead- 
colored  magnesian  limestone,  passing  into  a  buff-colored  limestone  15 
feet  above  the  sandstone,  fragments  of  Olenellus  and  the  head  of  Pty- 
choparia, apparently  identical  with  P.  trilineatc^  were  found,  and  in  the 
superjacent  pinkish  magnesian  limestone  with  interbedded  drab-colored 
limestone,  at  horizons  of  85  feet,  113  feet,  and  198  feet  above  the  sand- 
stone, fragments  of  fossils  that  I  recognized  as  portions  of  Olenellus  and 
*  very  perfect  specimens  of  Salterella  sp.T  occur  in  the  decomposed  sili- 
cious  limestones. 

The  discovery  of  the  Olenellus  fauna  in  the  lower  portion  of  this  mag- 
nesian limestone  series  gives  the  fauna  a  range  through  1,000  feet  of 
limestone  and  the  250  feet  of  superjacent  Georgia  shale. 

The  fragments  and  heads  of  the  genus  Olenellus  that  were  fonnd  in  the 
lower  beds  were  not  sufficient  to  determine  whether  it  was  the  equiva- 
lent of  the  OUnelltM  asaphoides  of  the  Washington  County  section  or  not. 

1  Geological  Sarvey  of  Canada :  Report  of  progress  from  its  commencement  to  1863.  Montreal, 
1863,  p.  281. 

*Walcott,C.D.:  Second  contribation  to  the  studies  of  the  Cambrian  fjsanas  of  North  America. 
U.  &  Geo^  Snrr.,  Ball.  No.  30, 1886,  p.  19. 
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It  is  quite  probable  that  it  is,  from  the  character  of  the  associated 
fossils.  As  the  vertical  distribntion  of  the  faana  in  the  Oleiiellns  zone 
will  be  treated  of  in  a  fatare  paper,  farther  reference  will  not  be  made 
to  it  at  present. 

The  shales  and  slates  superjacent  to  the  Olenellas-bearing^  beds  of 
^e  Georgia  slate,  at  Parker's  qaarry,  do  not  apparently  belong  to  the 
Lower  Cambrian,  bat  are  the  representative  of  the  middle  portion  of 
the  Cambrian  section.  This  view  was  advanced  by  Prof.  Jules  Marcoa, 
in  1885/  except  that  he  placed  the  sapoe  series  of  shales  which  occurs 
at  St.  Albans  beneath  the  Georgia  slates  or  Olenellus  zone.  The  stratig- 
raphy was  erroneous,  but  the  suggestion  that  the  St.  Albans  slates  cor- 
respond to  the  Paradoxides  belt  of  the  Atlantic  Coast  area  will  proba- 
bly be  foand  to  be  correct.  In  such  an  event  Professor  Marcou's  name 
St.  Albans  will  be  a  nsefal  addition  to  the  nomenclature  of  the  Cam- 
brian group  in  northern  Vermont  It  will,  however,  be  difficult  to  differ- 
entiate between  the  St.  Albans  group  and  the  superjacent  beds  carrying 
the  Upper  Cambriau  fauna. 

In  the  group  of  sections  taken  across  New  Hampshire  and  Vermont 
by  Prof.  C.  H.  Hitchcock^  the  Georgia  series  is  called  Potsdam  and 
Cambrian ;  and  in  section  xi,  on  PI.  17,  the  Georgia  shales  (Cambrian 
of  section)  are  represented  as  resting  conformably  on  the .  magnesian 
limestone  (Potsdam  of  section)  in  the  town  of  Milton.  This  is  the  same 
as  in  the  Georgia  section  a  few  miles  to  the  north.  The  great  mass  of 
argiilites,  east  of  the  railroad  track  in  the  Georgia  section,  are  placed 
under  the  term  Cambrian  by  Prof.  Hitchcock,  and  the  reference  may 
possibly  be  correct ;  but  as  yet  there  have  not  been  any  recognized 
Cambrian  fossils  obtained  in  it,  either  at  this  point  or  to  the  north  or 
south. 

In  southern  Vermont  the  Geor^a  slate  series  widens  out,  and  includes 
the  great  roofing-slate  belt  that  extends  through  Eutland  County  and 
into  Washington  County,  New  York.  The  outcrop  of  this  series  is  nar- 
row in  the  south  part  of  Washington  County,  but  it  widens  rapidly  in 
Rensselaer  County,  occupying  nearly  the  entire  width  of  the  county  at 
its  southern  boundary.  At  its  greatest  point  of  development  in  Wash- 
inglon  County  it  consists  of  the  following  strata,  as  shown  in  a  section 
crossing  the  county  in  the  towns  of  Greenwich  and  Salem,  with  its  base 
H  miles  west  of  North  Greenwich  i)ost-office : 

Feek 

(1)  Masdye  layers  of  impure,  shaly  limestone  embedded  in  irregnlar  ar^illaceo- 

arenaceous  shale,  with  numeroas  fossils  of  the  Olenellus  fauna  in  the 
limestone 340 

(2)  Massive  layers  of  fine-grained,  bluish  gray,  arenaceous  limestone,  that  be- 

come almost  a  pure  limestone  in  places 670 

About  halfway  of  the  mass  Linguhlla  calaiaf  IlyolitheUM  mioanSf  and 
Leperditia  dermaioidea  occur. 

>  The  Tsoonio  System  and  its  position  in  stnttigrsphlo  geology.  Am.  Aoad.  Proc.,  vol.  20, 1886.  table 
on  p.  224. 

*  Geological  sections  aoross  Vermont  and  New  Hampshire.  Am.  Mns.  Kat.  Hist.,  BnlL,  yoL  1, 1884, 
pis.  10^  17. 
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Feet 

(3)  Shaly  limestone  in  massive  layers;  argillaoeons  shales  interbedded  in  the 

layers - 380 

(4)  Calcareous,  ar^rillaceons  shales,  in  maesiye  layers,  with  interbedded  arena- 

oeoos  limestones  below,  and  passing  into  an  argillaoeons  shale  above.. .      240 

(5)  Dark,  argillaoeons,  and  arenaceous  shales  becoming  fissile  in  places ;  occa- 

sional layers  of  a  hard,  gritty  limestone  1  or  2  inches  thick  occur  at 
varions  horizons.  Near  the  summit  of  this  section  Hyolithes  americanus, 
2£iorodi»ou$pulchellu»,0lenellt»aa8aphoide8t  and  Canocorjfphe  iriliueata  occur 
near  the  roadside.    This  is  the  trilobite  bed  from  which  the  original 

specimens  described  by  Dr.  Emmo^iswere  obtained 370 

The  section  to  this  point  gives  a  total  of  2,600  feet,  and  is  considered 
Division  A  of  the  section. 

(6)  Compact,  steel-gray,  massive-bedded  argillaceo-argillaceous  shale,  breaking 

into  irregular  fragments,  and  weathering  a  rust-brown  color. 2,200 

At  a  point  1,300  feet  up  in  this  I  found  Stenoiheoa  rugosa,  HyoUthes  amer- 
icanuSf  and  fragments  of  Olenellua  asaphoides.  At  2, 100  feet  np  fragments 
of  Olenellus  occur  in  a  stratum  of  calciferous  shale. 

(7)  Massive  beds  of  a  thinly  banded,  cherty,  and  argillaceous  rock,  capped  by 

a  band  of  calciferous  sandrock 400 

(8)  Argillaceous  shale,  more  or  less  arenaceous  and  calcareous  throughout  its 

extent 2,400 

(9)  Calciferous  sandrock,  light  colored,  weathering  to  a  reddish  brown,  crum- 

bling sandy  rock.  This  is  embedded  in  a  calcareo-argillaceous  rock,  that 
breaks  into  angular  fragments  of  a  shaly  character.  The  only  fossils  ob- 
served were  Obolella  orassa,  Hyolithes,  fragments  uf  Olenellus,  on  the 
decomposed  surfaces  of  the  more  calciferous  layers 900 

(10)  Argillaceous  and  arenaceous  shales,  much  like  those  of  Kos.  8  and  9,  with 

bands  of  bluish  gray,  evenly  bedded,  and  conglomerate  limestone  carry- 
ing fossils.  As  shown  in  the  section,  this  division  appears  to  have  a  thick- 
ness of  4,500  feet ;  but  it  is  assumed  that  there  is  much  repetition  by 
faulting,  so  that  it  is  given  a  thickness  of  2,250  feet 1 2, 250 

The  combined  thickness  of  the  section  to  this  point  is  10,750  feet.  Its 
continuity  is  here  broken  by  a  faalt,  that  brings  the  rocks  of  the  Hud- 
son (?)  terrane  against  it  and  between  it  and  the  purple  and  green  slates 
that  form  a  large  portion  of  the  Cambrian  section  east  of  the  rocks  of 
the  Hudson  (?)  terrane.  The  section  is  again  taken  np  on  the  east  side 
of  Salem  Village,  at  the  base  of  the  green  and  purple  slates  and  inter- 
bedded limestones,  carrying  characteristic  Lower  Cambrian  fossils  of 
the  Olenellus  fauna. 

Feet 

(11)  Green,  purple,  and  higher  up,  gray  and  dark  shales  and  slates  and  inter- 

bedded limestones,  in  very  thin  layers 2,500 

(12)  Nonfossiliferons  green  and  purple  slates 2,150 

In  the  township  of  Hampton  to  the  north,  the  green  and  purple  slates 
appear  to  have  a  thickness  of  4,300  feet ;  and  2  miles  north  of  that  point 
there  are  over  5,000  feet  of  these  beds,  if  ^  repetition  occurs. 

The  lower  portion  of  this  division  is  characterized  by  the  Olenellus 
fauna  in  association  with  some  other  species  that  indicate  the  Middle 
Cambrian  zone.  The  entire  thickness  of  the  lower  and  upper  divisions, 
according  to  the  section,  is  15,350  feet. 

(13)  Above  the  green  and  purple  slate  belt  is  a  series  of  greenish,  schistose, 

hydro-mica  slates,  estimated  to  have  a  thickness  of  3,700  feet.  They  are 
not  foMsiliferous,  and  appear  to  pass  beneath  the  limestones  characterised 
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by  the  Chazy-Trenton  fauDa.  I  have  referred  them  to  the  Potsdam  zone 
provisioDally.i  If  this  refereDce  be  correct  and  the  rocks  in  the  section 
are  not  duplicated  by  faulting,  the  Cambrian  system  has  a  thickness  of 
19,000  feet  in  Washington  Connty. 

This  section  may  be  greater  than  the  actual  thickness  of  the  sedi- 
ments deposited  in  this  region  during  Cambrian  time.  The  upper  3,700 
feet  of  greenish,  hydro-mica  shales  probably  do  not  belong  to  the 
Cambrian,  and  there  may  be  some  reduplication  In  the  section  as  meas- 
ured. Eliminating  the  probable  sources  of  error,  I  think  there  is  at 
the  least  from  10,000  to  12,000 feet  of  strata  that  may  be  referred  to  the 
Cambrian  group. 

A  section  35  miles  to  the  south,  across  the  extension  of  this  series, 
exhibits  a  great  development  of  the  shaly  portion  similar  to  that  in  the 
lower  part  of  the  Washington  County  section,  that  passes  above  into 
the  red  and  purple  slate  belt.  In  this  section  the  upper  member 
of  the  Washington  County  section  is  apparently  represented  by  a 
coarse,  greenish  sandstone,  and  in  places  a  fine  conglomerate.  At  the 
base  of  this  formation  the  red  and  green  shales  are  interbedded  with 
the  sandstone,  the  passage  from  the  slates  to  the  sandstone  being  by 
intercalation  of  sand  and  slate  for  a  distance  of  several  hundred  feet,  the 
slate  gradually  diminishing  in  volume  as  the  intercalation  of  the  sand- 
HtoDC  increases.  The  sandstone  is  estimated  to  have  a  thickness  of  2,000 
feet  or  more,  and  it  corresponds  in  stratigraphic  position,  and  is  on  the 
strike  of  the  3,700  feet  of  greenish  hydro-mica  schistose  shales  of  the 
Washington  County  section.  The  recent  work  of  Mr.  T.  Nelson  Dale* 
proves  this  series  (Berlin  grit)  to  be  of  Lower  Silarian  (Ordovician)  age, 
and  indicates  that  the  series  of  green  and  purple  slates  beneath  may 
represent  the  base  of  the  Lower  Silurian  (Ordovician)  and  the  summit  of 
the  Cambrian. 

Oar  knowledge  of  the  rocks  of  the  Cambrian  group  in  their  southern 
extension  into  Dutchess  County,  New  York,  is  obtained  from  the  obser- 
vations of  Prof.  Wm.  B.  Dwight.  The  base  of  tb*e  series  is  the  ^<  Gran- 
alar  Qaartz"  of  Stissing  Moan  tain,  that  had  been  referred  to  the 
Potsdam  zone  by  Profs.  W.  W.  Mather,  J.  D.  Dana,  and  others.  Occur- 
ring between  the  gneiss  of  Stissing  Mountain  and  the  superjacent  lime- 
stone carrying  the  i[])alciferous  fauna,  it  was  natural  that  this  should  be 
correlated  with  the  Potsdam  sandstone  about  the  Adirondacks ;  and  it 
was  not  until  the  fall  of  18S6  that  fossils  of  the  Lower  Cambrian  or 
Olenellus  zone  were  found  in  the  quartzite,  and  in  the  limestone  resting 
npon  the  quartzite.*  Prior  to  this  Prof.  Dwight  had  discovered  in  the 
more  or  less  arenaceous  limestone  and  argillaceous  shaly  limestone 
near  Poughkeepsie  the  presence  of  the  Potsdam  or  Upper  Cambrian 

'WaloottfCD.:  The  Taconio  System  of  Emmons  and  the  nee  of  the  name  Taconic  in  geologic 
nomenclature.    Am.  Jonr.  Sci.,  8d  sen,  toI.  35, 1888,  p.  24 1 . 

*  Dwight,  W.  B. :  Primordial  rocka  of  the  Wappinger  Valley  limentonos  and  associate  strata. 
Vaaaar  Brothers  lusk  Tnuia.,  toL  4, 1887,  pp.  200-214.     Am.  Joar.  Sol.,  3d  ser.,  vol.  34, 1887,  pp,  27-331 
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fauna.'  It  inclades  Lingulepis  (icuminata,  Ohelella  primaj  Ptychoparia 
calci/eraj  and  P.  saratogensiSj  species  identical  with  those  found  at  the 
upper  horizon  of  the  Potsdam  in  association  with  Dikelocephalus  of 
Saratoga  Gounty,  New  York.  Subsequently  he  discovered  in  the  lime- 
stone above  the  qnartzite,  at  the  south  end  of  Stissing  Mountain,  fossils 
that  indicated  the  Middle  Cambrian  or  Paradoxides  zone.  The  species 
are  Hyolithes  billingsi  f ,  Leperditia  ebeninaj  Kutorgina  stissingeiisis^  and 
Olenoides  stiasingensis. 

The  stratigraphic  succession  is  more  or  less  interrupted  by  faults  and 
the  rocks  are  masked  by  the  drift  deposits.  The  succession  as  deter- 
mined by  the  known  stratigraphy,  and  the  fauna  is,'first,  at  the  base  a 
massive  bedded  quartzite,  resting  upon  the  gneiss  below,  and  subjacent 
to  a  bed  of  hard,  compact  limestone.  In  the  quartzite  the  Olenellus 
fauna  has  been  found,  and  in  the  bed  of  limestone  immediately  super- 
jacent to  it  one  of  the  characteristic  fossils  of  the  Lower  Cambrian 
fauna^  Hyolithellus  micans  occurs.  In  the  superjacent  limestone,  the 
thickness  of  which  could  not.  well  be  determined  but  which  appears 
to  be  considerable,  the  Middle  Cambrian  fauna  was  found  in  an  are- 
naceous limestone,  passing  frequently  into  a  calcareous  shale;  and  in 
the  vicinity  of  Poughkeepsie  the  Upper  Cambrian  fauna  occurs  in  a 
somewhat  similar  limestone. 

The  contrast  of  the  sedimentation  of  this  section  with  that  of  Wash- 
ington County  is  very  striking.  In  the  latter,  the  quartzite  of  Stissing 
Mountain  is  represented  by  the  great  thickness  of  shales,  and  inter- 
.bedded  limestones,  slates,  and  sandstones;  and  the  limestone  of  the 
Middle  and  Upper  Cambrian  of  the  Dutchess  County  section  are  entirely 
replaced  by  slates,  schists,  and  sandstones,  both  in  Rensselaer  and 
Washington  Counties.  This  difference  in  sedimentation  is  shown  all 
along  the  northern  Appalachian  Province  from  Dutchess  County  to  the 
Canadian  border,  and  on  to  Quebec  and  down  the  St.  Lawrence  River 
to  Cape  Rosier.  It  represents  the  accumulation  of  sediments  in  a  grad- 
ually sinking  area  and  in  a  relatively  shallow  sea.  It  is  a  curious  fact 
that  near  the  old  shore  line  the  basal  sandstone,  *' Granular  Quartz" 
of  the  Lower  Cambrian  is  almost  directly  succeeded  by  the  massive 
limestones  of  the  "  Marble  "  belt.  Unless  there  is  here  an  area  of  non- 
deposition,  the  lower  portion  of  the  limestones  of  Berkshire  County, 
Massachusetts,  Rutland  and  Addison  Counties,  Vermont,  represent  the 
sedimentation  of  Middle  and  Lower  Cambrian  time. 

The  preceding  paragraph  was  written  several  months  prior  to  the 
discovery  of  Cambrian  fossils  in  the  limestones  of  the  East  Rutland 
Valley  by  Dr.  Wolff,  in  1890. 

'Discovery  of  foaalliferoua  Potsdam  strata  at  PooKhkeepsie,  N.  Y.  Am.  Assoc.  Proc,  vol.  34, 1886. 
pp.  204-209. 

*  fieoent  explorations  on  the  Wappinger  Valley  limesrone  of  Datchoss  Coiuity,  Kew  Tork.,  No.  5 
discoyery  of  fossiliferoas  Potsdam  strata  at  Poa^hkeepsio,  IX.  T.  Am.  Jour.  Sci.,  3d  ser.,  vuL  31« 
1886^  pp.  125-183.    Vassar  Bro.  Inat.,  Tians..  voL  4. 1887,  pp.  130-141. 
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CANADIAN  EXTENSION. 

The  Ganadiao  extension  of  the  northern  Appalachian  district  is  from 
the  Uuitefjl  States  boundary  northeast  to  the  vicinity  of  Point  Levis, 
Quebec,  on  the  western  side  of  the  extension  of  the  Green  Mountains, 
or  Sutton  Mountain  anticlinal,  and  from  Quebec  down  the  south  shore 
of  the  St.  Lawrence  Biver  to  Gape  Rosier,  Oasp^.  On  the  eastern  side 
of  the  anticlinal  the  supposed  Gambrian  rocks  of  New  Hampshire,  cross- 
ing the  southeastern  portion  of  the  Province  of  Quebec  to  the  Maine 
boundary,  are  also  included. 

The  stratlgraphic  succession  of  the  rocks  referred  to  the  Cambrian  in 
the'eastern  Province  of  Quebec  and  down  the  St.  Lawrence  Biver  to 
Cape  Bosier  is  not  yet  clearly  determined,  owing  to  the  faulting,  plica- 
tion, and  absence  of  clearly  dedned  Gambrian  faunas  in  situ  in  the 
strata.  In  the  vicinity  of  Quebec,  on  the  authority  of  Dr.  B.  W.  Ells, 
the  stratigraphic  succession  is  as  follows:^ 

(1)  Black,  green,  and  gray  shales,  with  hard  and  heavy  bands  of  grayish,  some- 
iioies  yelluwish  white,  qnartzose  sandstone,  which  are  thickest  in  the  lower  portion, 
and  with  ocoaaloual  thin  bands  of  limestone  conglomerate,  the  pebbles  being  gener- 
ally small  and  the  paste  highly  qnartzose.  The  quartzites  have  occasional  scattered 
pebbles  of  grayish  limestone. 

(2)  Greenisb,  grayish,  and  blackish,  with  occasionally  dark-reddish  or  purplish- 
tinted  shales,  with  bands  of  hard  grayish  sandstone,  generally  fine-grained,  and  in 
thickness  from  1  inch  to  1  foot,  the  massive  qnartzitee  being  absent  and  many  of 
the  greenish  layers  being  covered  with  fncoidal  markings,  well  seen  on  the  shore 
above  Cape  Ronge  and  in  the  cutting  along  the  road  above  that  village. 

(3)  Bright  red  shales,  often  with  thin  greenish  or  grayish  bands,  which  in  places 
are  calcareous.  The  rocks  on  a  smoothed  surface  have  a  striped  red  and  green  aspect; 
in  the  npper  part  occasional  beds  of  a  foot  or  more  of  hard  green-gray  sandst<>ne 
occur. 

(4)  Red,  greenish  gray  and  black  shales,  with  interstratified  masses,  often  lentic- 
nlar,  of  greenish  and  grayish  Sillery  sandstone,  ranging  in  thickness  from  2  feet 
upward,  in  which  the  Sillery  quarries  are  located.  This  is  the  typical  Sillery  sand- 
stone, which  ranges  from  a  fine-grainod  homogeneous  rock  to  a  fine  qnartic  conglom- 
erate, much  of  the  rock  being  characterized  by  the  presence  of  small  flaky  pieces  of 
shale  and  scattered  small  pebbles  or  large  grains  of  clear  quartz,  the  bands  of  sand- 
stone being  separated  by  partings  of  various  colored  shale.  The  local  and  lenticular 
character  of  the  sandstone  is*  well  seen  in  the  Sillery  section,  some  of  the  heaviest 
beds  inland  thinning  out  before  reaching  the  shore  in  either  direction.  In  the  upper 
part,  at  Sillery  church,  Obolella  pretioea  occurs,  from  which  point  an  anticlinal 
crosses  the  river  to  Point  Levis,  and  appears  in  the  clifis  at  the  Victoria  hotel,  where 
the  same  Obolella  is  found. 

Above  the  Upper  Sillery  Dr.  Ells  places  the  Levis  shales  and  con- 
glomerates of  Levis  City,  the  shore  extension  below  Sonth  Quebec  and 
St.  Joseph  and  the  west  end  of  Orleans  Island.  In  the  Levis  shales, 
the  conglomerate  limestone,  embedded  in  a  calcareous  matrix,  carries 
immerous  bowlders  in  which  the  Upper  Gambrian  fauna  is  found ;  and 
in  what  is  supposed  to  be  the  equivalent  of  No.  2,  a  conglomerate  lime- 

*  Second  report  on  tho  geology  of  »  portion  of  tlie  Provinoe  of  Queboo.  Qeol  Sqrv.  Csnada,  new 
•v..  TuL  S,  put  3, 18»»,  p^  «  £,  M  X. 
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Stone  occars  in  which  the  Olenellus  or  Lower  Cambrian  faana  is  pres- 
ent. The  thickness  of  the  strata  referred  to  the  Gambrian  is  not  given 
by  Dr.  Ells  in  his  publication,  bat  he  told  me  that  the  measurements 
given  by  Mr.  Logan  were  as  nearly  correct  as  could  be  determined. 
These  were  5,000  to  6,000  feet  for  the  Sillery  and  Lauzon  series. 

The  little  shell  Obolella  pretiosa  ranges  through  from  1,500  to  2,000 
feet  of  the  IJpper  Sillery ;  and  the  lower  or  Olenellus  fauna  conglomer- 
ate occurs  in  the  lower  portion  of  this  range: 

Dr.  Ells  refers  the  entire  Sillery  series  to  the  Cambrian,  and  in  this 
I  mainly  agree  with  him,  except  that  the  upper  portion  is  evidently  a 
passage  formation  between  the  Cambrian  and  Silurian  (Ordovician). 
On  lithologic.  and  strati  graphic  evidence  the  line  would  be  drawn  at  the 
summit  ot  the  red  shale ;  on  paleontologic  evidence,  as  furnished  by  the 
Graptolites,  I  would  include  the  upper  portion  of  the  Sillery  red  and 
green  shales  in  the  Silurian  (Ordovician),  as  I  think  they  are  above  the 
typical  Potsdam  zone  of  America.^ 

The  strata  doubtfully  referred  to  the  Cambrian  group  between  Que. 
bee  and  Cape  Rosier,  on  the  south  shore  of  the  St.  Lawrence  Biver,  have 
already  been  described  in  the  notice  of  the  work  of  Mr.  James  Eicbard- 
son,  reported  upon  by  him  in  1870.  (Ante.,  pp.  118,  119.)  As  they 
may  or  may  not  beof  Cambrian  age,  no  further  description  will  be  given. 

The  strata  referred  to  the  Cambrian  on  the  western  side  of  the  Sut- 
ton Mountain  anticlinal,  or  the  belt  extending  southeasterly  from  Que- 
bec to  the  Vermont  boundary,  are  described  by  Drs.  Selwyn  and  Ellsr 
as  consisting  for  the  most  part  of  hard  quartzites  interstratified  with 
mica-schists  and  black  slates.  All  of  this  series,  as  described  by  them 
is  unconformably  overlapped  by  the  Sillery  red  slates,  conglomerates^ 
and  sandstones.  Limited  outcrops  of  grayish  subcrystalline  limestones 
are  found  occasionally  in  association  with  the  black  slates  and  quartz- 
ites. 

The  volcanic  portion  of  the  Cambrian,  or  group  No.  2  of  Dr.  Selwyn,* 
presents  a  great  variety  of  crystalline,  subcrystalline,  and  altered  rocks, 
including  ^'coarse,  tbick-bedded,  feldspathic,  chloritic,  epidotic,  and 
quartzose  sandstones,  red,  gray,  and  greenish  siliceous  slates  and  argil- 
lites,  great  masses  of  dipritic,  epidotic  and  serpentinous  breccias,  and 
agglomerates,  diorites,  dolorites,  and  amygdaloides,  holding  copper  ore; 
serpentines,  felsites,  and  some  fine-grained  granitic  and  gneissic  rocks, 
also  crystalline  dolomites  and  calcites.  Much  of  tbe  division,  especially 
on,  the  southeastern  side  of  the  axis,  is  locally  made  up  of  altered  vol- 
canic products,  both  intrusive  and  interstratified,  the  latter  being  clearly 
of  contemporaneous  origin  with  the  associated  sandstones  and  slates." 

As  far  as  known  this  zone  has  not  afforded  any  fossils.    Dr.  Selwyn 

- 

>  Waloott,  CD.:  A  reriew  of  Dr.  R.  W.  Ella's  second  report  on  the  geolocy  of  a  portion  of  the  Prov- 
ince of  Qaebeo,  with  additional  notes  on  the  "  Quebec  groap."  Am.  Jonr.  ScL,  3d  ser.,  yoL  39, 1890, 
p.  113. 

*Beport  of  observations  on  the  stratigraphy  of  the  Qnebeo  group  and  the  older  orystallise  Tocks  of 
Canada.    GeoL  Sorv.  Canada :  Beport  of  progress,  1877-1878, 1879,  pp.  6A,  6A. 


WALcxnT-J  SUMMARY NEW  JERSET.  287 

thinks  that  if  foand  they  woald  indicate  a  lower  horizon  than  the  Levis 
formation,  probably  not  far  removed  from  the  St.  John  group  and  At- 
lantic Coast  series  of  l^ova  Scotia,  or  Lower  Gambrian.  Details  of  the 
lithologic  and  stratigraphic  features  of  the  strata  referred  to  the  Gam- 
brian and  their  geographic  distribution  may  be  found  in  the  reports 
by  Dr.  Ells  on  the  Eastern  Townships  of  the  Province  of  Quebec* 

SOUTHEBK  APPALACHIAN  DISTRICT. 

The  Southern  Appalachian  District  includes  the  outcrops  of  strata 
referred  to  formations  of  the  Gambrian  group  in  northern  and  central 
New  Jersey,  southeastern  and  southern  central  Pennsylvania,  western 
Maryland,  Virginia,  and  l^orth  Carolina,  eastern  Tennessee,  northwest- 
em  Georgia,  and  northeastern  Alabama. 

KBW  JERSEY. 

As  far  as  known  the  rocks  of  New  Jersey  referred  to  the  Gambrian 
are  found  in  the  northern  central  portion  as  outcrops  of  a  nonfossil- 
iferons  sandstone  resting  upon  Archean  gneiss  and  subjacent  to  a  Mag- 
nesian  limestone  that  has  been  referred  to  the  Galciferous  zone  of  the 
New  York  section.    The  greatest  thickness  assigned  to  it  is  20  feet. 

The  correlation  with  the  Potsdam  sandstone  of  New  York  is  based 
entirely  upon  the  lithologic  characters  of  the  sandstone  and  its  strati- 
graphic  position.  There  is  no  positive  evidence  of  its  being  the  equiv-. 
alent  of  the  Potsdam  sandstone  of  New  York.  It  may  be  Lower,  Mid- 
dle, or  Upper  Gambrian,  and  possibly  of  Galciferous  age.  From  the 
stratigraphic  conditions  to  the  north  and  south  it  will  probably  be 
found  to  be  of  Lower  Gambrian  age,  or  the  equivalent  of  the  ^^  Gran- 
ular Quartz  ^  of  New  York  and  Vermont.  The  lower  portion  of  the 
limestone  series  may  be  of  Gambrian  age,  as  in  Dutchess  Gounty« 
New  York. 

Among  the  papers  presented  to  the  Geological  Society  of  America 
at  its  second  annual  meeting,  Decemoer  31,  1890,  was  one  by  Prof. 
Frank  L.  Nason  on  ^^  The  post- Archean  Age  of  the  White  limestones 
of  Sussex  Gounty,  New  Jersey,''  in  which  he  describes  the  discovery  of 
the  Olenellus  fauna  in  the  lower  Primal  sandstone  of  Rogers  that  rests 
anconformably  upon  the  pre-Gambrian  rocks.  He  said  also  that  fossils 
(Obolella  or  Lingulella)  extended  up  into  the  superjacent  limestone. 

In  Prof.  Nason's  collection  I  recognized  Olenellus  thampsaniy  Obolella 
or  Lingulella  sp.T,  and  the  cast  of  a  coraMike  organism  that  is  prob- 
ably a  species  of  Ethniophyllum.  These  were  found  at  Hardiston- 
ville  and  Franklin  Furnace,  Sussex  Gounty,  New  Jersey. 

>  Second  report  on  the  geology  of  a  portion  of  the  Province  of  Qaebeo.  Geol.  Sarr.  Canadat  new 
•eriea.  vol.  3.  1»89.  pp.  IE-120K. 

Report  on  the  geology  of  a  pprtion  of  the  Eastern  Townships  of  Quebec  GeoL  Sorr.  Canada,  1886, 
sew  aer..  toL  2, 1887,  pp.  U-70J. 
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DXLAWARB. 

The  outcrop  of  the  sandstone  referred  to  the  ^^  Potsdam "  in  north- 
western Delaware  is  very  limited,  and  is  noted  only  to  indicate  its 
occurrence  within  the  limits  of  the  State.^ 

PKMKSYLYANIA. 

The  rocks  referred  to  the  Cambrian  System  in  Pennsylvania  by  the 
latest  authorities  include  the  Primal  quartzite  of  Profl  Bogers ;  and 
Prof.  Lesley  is  inclined  to  consider  the  sandstone  and  slate  of  the  South 
Mountain  proper  as  of  Gambrian  age.  The  line  of  outcrop  of  the 
quartzite  extends  along  the  boundaries  of  the  various  Archean  areas 
from  the  Delaware  Eiver  on  the  northeast,  in  Bucks,  Lehigh,  and 
Northampton  Counties,  southwesterly,  with  more  or  less  interruption, 
across  Berks,  Montgomery,  Chester,  Lancaster,  York,  and  Adams 
Counties,  to  the  Maryland  line.  Prof.  J.  P.  Lesley's  summary  is  as  fol- 
lows : 

The  lowest  Paleozoic  formation  in  Pennsylvania,  No.  1,  logically  identified  with  the 
Potsdam  sandstone  of  northern  New  York,  makes  its  appearance  along  the  edges  of 
the  limestone  No.  2  at  the  north  foot  of  the  Azoic  Mountain  Range  between  Bethlehem 
and  Reading  in  Lehigh  and  Berks  Counties;  in  Malbaugh  Hill,  on  the  Lebanon 
County  line ;  in  Chicqnes  [''  Chickis  "  of  Frazer]  Ridge,  on  the  Snsqnehanna,  above 
Columbia;  in  the  Welsh  Mountain  in  northern  Chester,  and  in  the  North  VaUey  Hill, 
which  stretches  for  60  miles  from  the  lieart  of  Lancaster  to  the  Bucks-Montgomery 
county  liue  north  of  the  city  of  Philadelphia.  Its  only  fossil  as  yet  discovered  is  a 
Scolithut,  but  its  position  next  beneath  the  Calciferous  limestone  is  too  well  marked 
to  admit  of  doubt.  Formerly  it  entirely  covered  the  mountain  districts  north  and 
south  of  the  Schuylkill  River,  because  it  still  spreads  in  sheets  upon  their  sides,  and 
in  many  places  makes  their  summits,  lying  unconformably  npon  the  gneiss. 

The  South  Mountains  proper,  which  separate  Cumberland  from  York  and  Frank- 
lin from  Adams  County,  do  not  thus  exhibit  the  fundamental  gneiss  covered  by 
a  coating  of  Potsdam,  but  are  composed  of  peculiar  saudstoue  and  slate  strata  sev- 
eral thousand  feet  thick,  which  occupy  the  place  of  the  Potsdam  in  the  series,  but  can 
not  certainly  be  identified  with  it.  Thev  may  be  considered  the  equivalents  of  the 
Ocoee  and  Sewanee  strata  of  east  Tennessee.  *  •  •  We  may  consider  our  Soutii 
Mountain  rocks,  therefore,  those  lying  north  of  the  turnpike  fault,  as  of  Cambrian 
age.2 

The  sandstone  referred  to  the  Potsdam  in  Lehigh  and  Northampton 
Counties  is  described  by  Mr.  Frederick  Prime,  jr.,  as  ''a  hard,  compact 
quartzite,  of  a  yellowish  color  where  weathered,  and  when  freshly  quar- 
ried of  a  grayish  tint.  •  •  •  The  thickness,  where  it  could  be  meas- 
ured, was  21  feet,''* 

The  quartzite  varies  in  thickness  from  20  to  300  feet,  the  greater 
thickness  being  in  the  ^^Ohickis"  section  of  Lancaster  Gounty,  where, 
according  to  Di*.  Persifor  Frazer,  it  reaches  300  feet.    Southwest  of  the 

I  Chester,  Frederick  D. :  Preliminary  notes  on  the  geology  of  Delaware— Laorentlan.  Paleosoio,  and 
Cretaceoiw  areas.    Phil.  Aoad.  Sol.  Proe.,  toL  96,  for  1884,  pp.  237-259. 

*  A  geological  hand  atlas  of  the  sizty-seven  ooonties  of  Pennsylyania,  embodying  the  resnlts  of  the 
field  work  of  the  sarrey  from  1874  to  1884.    Second  GreoLSurr.  Pa.,X,  1886,  pp.  zvi,  zvii. 

■Geology  of  liOhigh  and  Northampton  Conntiea.    Second  Qeol  Simt.  Pm,  P>,  toI  X^  1883,  p.  2Q9, 
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Susqnehanna  Biver  it  is  difficult  to  measure  its  exiiot  thickness,  owing 
to  its  disturbed  condition.  Tlie  characters  of  the  sandstone  appear  to 
be  very  much  alike  throughout  the  State,  and  the  only  tnuses  of  organic 
remains  found  are  the  straight,  vertical  tubes  of  Scolithus. 

Prof.  H.  D.  Kogers  referred  a  series  of  slates,  between  the  sandstone, 
called  Potsdam,  and  the  base  of  the  superjacent  litnestoue  to  the  Primal 
period,  but  the  geologists  of  the  Second  Geological  Survey  consider  them 
as  belonging  to  the  limestone  series.  If  a  comparison  be  made  with  the 
Tennessee  sections,  where  the  schists  and  shales  between  the  quartzite 
and  the  limestone  are  characterized  by  Cambrian  fossils,  this  series  of 
schists  will  certainly  be  referred  to  the  Cambrian,  as  it  is  subjacent  to 
the  great  limestone  series  and  superjacent  to  the  quartzite.  According 
to  Prof.  Rogers,  the  highest  or  Primal  newer  slate  is  a  greenish  and 
bluish  talcose  argillaceous  slate,  sometimes  very  soft  and  shaly,  and 
lias  a  thickness  of  about  700  feet.  Dr.  Frazer  refers  about  1,600  feet  of 
^^Hydromica  schist  "to  the  interval  between  the  quartzite  and  lime- 
stone in  York  County.^ 

The  upper  part  of  the  Primal  slates  does  not  appear  to  be  developed  to 
the  northeastward  in  Lehigh,  Northampton,  Bucks,  Montgomery,  Berks, 
and  Chester  Counties.  It  first  appears  with  any  consi  derable  thickness 
in  Lancaster  County,  near  the  Susquehanna  Biver,  and  south  of  the 
quartzites  of  the  Chickis  Hills.  From  thence  it  extends  southwesterly, 
across  York  and  Adams  Counties,  to  the  Maryland  line,  increasing  in 
thickness  in  Maryland  and  Virginia. 

As  a  whole,  the  Cambrian  System  in  Pennsylvania  appears  to  be  rep- 
resented by  the  lower  quartzite  and  the  superjacent  shales  and  schists 
as  originally  defined  by  Prof.  Rogers,  and  it  may  be  that  the  lower 
X>ortion  of  the  superjacent  limestone  will  be  included. 

In  a  letter  received  from  Prof.  Lesley,  dated  May  8, 1890,  he  says: 

Reading  £118*8  paper  and  Brainerd  &  Seely's  paper  in  Bull.  Geol.  Soc.  America,  just 
pabH8bed,  with  your  reniark8at  the  meotinj^,  I  naturally  reverted  to  my  South  Moun- 
tain 8arvoy8  (20 yoare  ago)  east  of  Chambersburgh,  PenuNyivania  (Fulton  and  Adams 
connties),  and  the  strange  and  powerful  impression  made  on  me  then  by  the  outcrop 
of  a  low  ridge  of  purple  thalea,  running /roiii  th4>pike  southward,  juitt  hack  (east)  of  the 
western  mountain  ridge,  I  never  saw  anything  like  tiiem,  and  feel  Ntrongly  in- 
clined to  consider  them  the  Sillery  purple  shales  (Cambrian)  of  the  North.  I  can't 
find  or  remember  any  description  of  this  outcrop  by  Frazer.  It  lies  in  Fulton  Connty, 
oatside  the  Adams  County  line. 

MARYLAND. 

I  have  been  ouable  to  find  any  detailed  acconnt  of  the  rocks  referred 
to  the  Primal  series  of  Prof.  Kogers,  and  have  depended  npoii  the  gen- 
eral account  given  by  Prof.  P.  T.  Tyson  in  18G0,  in  his  report  as  State 
agricultural  chemist.  His  description  is  short  and  will  be  quoted  in 
full: 

(Primal  of  Pennsylvania  survey,) — Potsdam  of  New  Forfc.— This  division  includes: 
(1)  A  hard  sandstone  made  ap  of  grains  of  quartz,  with  occasionally  grains  of 

>OeiieTalnote0.—Sketoh  on  the  geology  of  York  County,  PenQsylvaniik.  Am.  Phil.  SocProc.,Tol 
23,1888,  p.  Ml. 
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feldspar  and  kaolin.  The  siliceons  cemeDt  seems  to  have  completely  filled  up  the 
interstices  between  the  grains  so  as  to  give  a  firm  compact  structure  to  the  rock. 
Portions  of  this  rock  seem  to  have  been  subjected  to  such  changes  as  to  render  it 
doubtful  whether  it  should  not  be  considered  a  granular  quartz  and  be  classed  among 
the  metamorphic  rocks.  Vegetable  life  seems  to  have  commenced  at  the  period  of 
the  formation  of  this  rook,  because  it  contains  fossilized  stems  of  plants. 

(2)  A  slate  varying  in  color  from  gray  to  brownish  and  greenish.  It  is  ranked  as 
an  argillite,  but  portions  of  it  assume  a  marked  talcose  appearance,  especially  in  the 
Catoctin  Mountain  and  in  parts  of  Middletown  Valley,  where  it  has  been  much  dis- 
turbed and  altered  by  proximity  to  intrusive  rocks.  These  last  consist  of  amphibo- 
lites  (trap),  porphyries,  amygdaloid,  serpentine,  and  epidote.  This  last-named  rock  is 
ext«nsively  developed  both  in  large  masses  and  intercalated  between  the  slates,  and 
has  largely  contributed  to  produce  the  highly  fertile  soils  of  Middletown  Valley. 

Approximate  measurements  of  the  thickness  of  these  strata  have  been  made  in 
New  York  and  Pennsylvania,  but  I  have  not  as  yet  been  able  to  obtain  reliable  in- 
formation upon  this  point  in  our  btate.* 

From  this  description  and  the  geographic  distribution  of  the  Primal 
series  as  indicated  on  the  accompanying  niap,  it  is  evident  that  the 
quartzite  of  South  Mountain,  Pennsylvania,  extends  nearly  north  and 
south,  across  Maryland,  and  that  the  slates  and  associated  eruptive 
rocks  which  form  the  main  mass  of  South  Mountain  are  included  by 
Prof.  Tyson  in  the  Primal  series.  In  the  sections  of  these  slates  and 
accompanying  rocks  in  Virginia  they  are  recognized  as  pre-Gambrian, 
and  it  is  very  probable  that  those  of  Maryland  and  north  into  South 
Mountain  of  Pennsylvania  are  also  of  pre- Cambrian  age.  The  pres- 
ence of  the  upper  Primal  slate  of  Bogers  between  the  quartzite  and  the 
Auroral  limestone  is  not  noted  by  Prof.  Tyson.  The  fossilized  stems  of 
plants  referred  to  are  probably  the  Scolithus  borings  found  so  abun 
dantly  in  the  sandrock  of  PennsFlvania  and  Virginia.  If  the  lower 
portion  of  the  limestone  series  of  Pennsylvania  is  of  Cambrian  age  it 
is  probable  that  the  extension  into  Maryland  is  the  same. 

VIRGINIA. 

Prof.  William  B.  Rogers^s  description  of  the  geographic  distributioni 
stratigraphic  position,  and  character  of  the  strata  that  he  referred  to  the 
Primal  series,  has  been  proved  to  be  in  a  large  measure  essentially  cor- 
rect by  the  observations  of  geologists  who  have  more  recently  studied 
the  formations  referred  to  the  Cambrian  group.  He  described  forma- 
tion No.  1  as  consisting  in  the  most  part  of  a  close-grained  white  or 
light  gray  sandstone,  in  some  places  containing  beds  of  a  rather  coarse 
conglomerate  of  white  siliceous  pebbles.  Kear  the  bottom,  in  many 
instances,  a  brownish  slaty  sandstone  occurs,  alteruatiug  with  the  for- 
mer, whilst  toward  the  top  or  approaching  the  next  formation  the  sand- 
stone passes  into  reddish  and  brownish  and  olive-colored  argillaceous 
slates.  As  far  as  known  to  him  in  his  earlier  work  the  formation  in 
Virginia  was  exclusively  confined  to  the  western  slope  of  the  Blue 
Bidge  and  the  narrow  belt  of  rugged  hills  and  mountains  extending 

>  Tyaon,  Phillip  T. :  Fint  report  of  the  State  agricultaral  chemiflt  of  Maryland.  Annapolia,  IMOb 
pp.34p36. 
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thence  to  the  commeiicemeut  of  the  Valley  limestone.^  At  some  later 
date,  however,  he  discovered  a  small  outcrop  of  the  Primal  series  on 
the  eastern  slope  of  the  Blue  Eidge,  in  llockbridge  County,  and  drew 
it  in  on  section  9  of  the  plates  of  sections  published  in  connection  with 
*^  The  Virginias  "  in  1881.  The  Primal  sandstones  and  shales  are  rep- 
resented as  occupying  a  narrow,  deep  basin  on  the  eastern  slope  of  the 
Archean  rocks  of  the  Blue  Bidge.  In  this  beautiful  series  of  illustra- 
tions the  twenty  sections  crossing  the  Primal  series  at  subequal  dis- 
tances from  the  Potomac  River  to  the  Tennessee  line  illustrate  very 
fuUy  Prof.  Rogers^s  interpretation  of  the  geological  structure,  charac- 
ter, and  thickness  of  strata  forming  th3  Primal  series. 

Prof.  W.  M.  Fontaine  in  1876  supplemented  the  work  of  Prof.  Rogers 
by  a  detailed  description  of  the  sections  of  the  "  Primordial"  strata  at 
Balcony  Falls  in  Rockbridge  County,  Rockfish  Gap  in  Augusta  County, 
and  at  Harper's  Ferry  on  the  Potomac.  He  concludes  that  the  entire 
thickness  of  the  Primordial  strata  at  Harper's  Ferry  can  not  be  much 
over  1,000  feet,  and  that  they  are  composed  of  slaty  rocks,  similar  to 
the  variety  of  the  lowest  slate  seen  at  Rockfisb  Gap,  and  a  sandstone 
which  much  resembles  some  of  the  quartzites  of  the  lower  strata  of  the 
same  locality.  The  section  differs  from  that  of  Rockfish  Gap  and  Bal- 
cony Falls  in  the  absence  of  the  coarser  materials  and  the  succession 
of  shales  and  sandstones,  with  the  subjacent  conglomerate  that  rest  on 
the  Archean.  The  lower  argillites,  forming  the  main  portion  of  the 
ridge  and  which  Prof.  Rogers  included  in  his  Primal  series  in  section 
No.  2  accompan  ying  '*  The  Virginias,''  Prof.  Fontaine  refers  to  the 
Archean ;  whether  of  Lauren tian  or  Huron  ian  age,  he  does  not  under- 
take to  decide.' 

At  the  second  annual  meeting  of  the  Geological  Society  of  America, 
at  Washington,  D.  C,  December  31,  1890,  a  paper  was  read  by  Messrs. 
H.  R.  Geiger  and  Arthur  Keith  on  the  structure  of  the  Blue  Ridge 
near  Harper's  Ferry. 

Several  sections,  taken  on  both  the  north  and  south  sides  of  the 
Potomac  River,  show  that  the  geologic  succession  at  the  base  is  a 
limestone  upon  which  rests  a  series  of  shales,  subjacent  to  a  quartzite 
which  corresponds  to  the  Medina  sandstone  of  the  sections  farther  to 
the  north  and  south.  This  section  is  the  one  described  by  Prof.  Rogers 
as  an  overturned  section^  the  quartzite  corresponding  to  the  primal 
quartzite  of  the  Pennsylvania  section,  its  present  position  being 
accounted  for  by  the  complete  overturning,  thus  reversing  the  section. 
The  authors  of  the  paper  mentioned  conclude  that  the  succession  is  a 
normal  one  from  the  pre-Paleozoic  rocks  through  the  limestone  and 


>  Second  report  of  the  progress  of  the  gelogiosJ  sorrey  of  the  State  of  Virginia  for  the  year  1837. 
Kiehmond,  1838,  pp.  14,  IS. 

Geology  of  the  Virginias,  1884,  pp.  167-169. 

Keport  of  the  progress  of  the  geological  sarveyof  Virginia  for  1838  (Kiehmond,  1839)  pp.  6^  9-11. 
Oeology  of  the  Virginias,  N.  Y.,  1884,  pp.  197, 198, 203-209. 

>0n  the  Primordial  strata  of  Virginia.     Am.  Joor.  SoL,  3d  ser.,  yoL  9^  1875,  p.  429i. 
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shale  to  the  saDdstone.  The  basal  limestone  is  of  Calciferons — Ghazj- 
Treuton  age;  the  shales  then  would  correspond  to  the  Lorraine  series, 
and  the  sandstone  to  the  Medina  series  of  the  New  York  section.  As 
as  far  known  this  is  the  only  break  in  the  continuity  of  the  outcrops 
of  the  ^'Granular  Quartz,"  where  a  quartzite  is  present,  from  central 
Vermont  to  Alabama.  ^ 

At  Bockfish  Gap  the  massive  chloritic  argillites,  that  form  the  mass 
of  the  Blue  Eidge,  are  shown  in  unconformable  contact  with  the  lowest 
Primordial  strata.  The  Archean  argillites  are  firm  and  hard,  of  a  dark 
greenish  color,  and  present  a  strong  contrast  to  the  first  stratum  of  the 
Pnmordial  rocks,  the  line  of  junction  bein^  strongly  defined.  Sum- 
marized, Prof.  Fontaine's  description  of  the  section  is  as  follows,  begin- 
ning at  the  base:' 

^  Feet. 

(1)  Yory  thinly  laminated  slates  or  crhales 900 

(2)  On  the  side  next  to  (1),  the  layers  of  this  rook  in  cdlor,  do  not  differ  moch 

from  (1),  bat  are  thicker  than  the  preceding  slates,  and  more  sandy.  The 
bedding  thickens,  and  the  amount  of  siliceons  matter  increases  to  the 
west,  until  a  fine-grained  white  kaolin  sandstone  is  the  result 75 

(3)  Conglomerate  of  brownish-red  color,  in  massive  layers  from  5  to  6  feet 

thickj  with  thin  seams  of  shaly  matter  between  several  of  the  layers. 
The  coarser  materials  are  rounded  grains  of  quartz  of  the  size  of  a  garden 
pea  and  under ;  inclosures  of  angular  fragments  of  the  slates  of  the  Blue 
Ridge  are  not  rare 60 

(4)  This  is  a  partially  concealed  interval  of  200  feet  in  which  the  rocks  are, 

when  seen,  kaolin  shales  and  kaolin  sandstone,  principally  the  former. 
To  the  west  of  this  is  a  band  of  kaolin  sandstone,  with  layers  of  cellular, 
much  indurated  quartzite,  and  some  subordinate  beds  of  an  indurated, 
gray,  coarso  sandstone.  This  series  contains  one  bed  of  the  gray  sand- 
stone 20  feet  thick.  Thickness  420  feet  or  including  the  partly  con- 
cealed band.^ '. 620 

(5)  The  first  rock  in  this  series  is  a  highly  indurated  gray  sandstone,  the  type 

of  the  beds  above  mentioned  as  forming  occasional  layers  in  No.  (4).  It 
is  of  a  dark  gray  color,  and  composed  of  coarse  grains  which  by  ineta- 
morphic  action  are  changed  to  a  nearly  compact  texture.  The  thick- 
ness of  the  sandstone  is  50  feet.  A  band  of  diorite  20  feet  thick  inter- 
rupts the  section,  next  to  which  is  a  band  of  bluish  gray,  coarse  shales^ 
75  feet  wide ;  a  partially  concealed  interval  of  300  feet,,  occupied  by 
similar  rocks;  then  for  200  feet,  several  alternations  of  the  same  shales 
with  bluish  argillaceous  sandstones.  In  these  a  layer  6  feet  wide  of  red 
argillaceous  hematite  is  fonnd.  Then  a  second  band  of  diorite  12  feet 
wide,  resembling  in  all  respects  the  first. 
(G)  The  beds  of  No.  (5)  which  are  mostly  sandy  shales,  and  are  rather  thickly- 
bedded  in  layers  of  from  1  to  several  feet,  are  succeeded  by  a  band  of 
very  thinly-laminated,  firm  olive  slates  or  shales,  having  a  total  thick- 
ness of 300 

Indurated  brown  sandstone,  with  some  chloiite 30 

Interval  of  concealed  rock 100 

Alternations  of  brownish  argillaceous  sandstones  with  greenish  shaly  beds.  130 
Very  finely  fissile,  pink-colored  slaty  shales,  which  weather  purplish-red..  200 
Then  for  100  feet  a  bluish  shale  is  found 100 

880 

■Boll.  GeoL  Soo.  Am.,  vol.  2, 1891,  pp.  165-163.  *Am.  Joar.  Sd.,  3d  ser.,  vol.  9, 1875,  pp,  416-42L 


VALOOTT.I  8UMMABT — ^VIRGINIA.  293 

Feet. 

The  two  last  series  of  beds,  5  and  6,  appear  to  be  the  equivalent  of  No. 
(9)  of  the  Balcony  Falls  seotion.  Their  combined  tbickuess  is  about  1,450 
feet,  that  is,  provided  no  reduplication  from  folding  occurs.  This  is 
possible,  though  not  probable,  I  think. 
(7)  ''The  strata  now  to  be  described  are  the  equivalent  of  the  Potsdam  sand- 
stone, and  resemble  No.  (10)  at  Baloony  Falls  in  their  almost  total  free- 
dom from  iron  and  other  coloring  matters.  *"  •  *  The  system  here 
consists  of  a  vast  number  of  thin  layers,  in  which  we  may  distinguish 
three  classes  of  rock :  (a)  A  shale  pale  gray  to  bluish  gray  when  fresh, 
composed  almost  entirely  of  kaolin,  and  occurring  in  thin  plates,  (b) 
This  is  associated  with  a  very  fine  grained  kaolin  sandstone,  the  quartz 
grains  being  now  perceptible  to  the  naked  eye.  *  *  *  (c)  A  kaolin 
sandstone  of  moderately  fine  grain,  often  with  a  thickness  of  several 
feet  in  the  individual  layers.  The  quartz  grains  are  mixed  with  an  equal 
amount  of  kaolin '. .., 300 

"The  beds  last  described  have  a  thickness  of  300  feet,  and  are  suc- 
ceeded by  a  partially  concealed  interval,  in  which  50  feet  of  a  similar 
rock  are  shown."  The  strata  between  this  point  and  the  Anroral  lime- 
stone are  largely  concealed. 

The  section  as  studied  at  Balcony  Falls  by  Prof.  Fontaine  is  as  fol- 
lows:* 

Feet. 

(1)  Unbedded  quartz! te,  with  crystals  of  feldspar 120 

(2)  Brown,  crumbling,  argillaceous  rooks  or  sandy  shale,  cunj^Iomerate  in  its 

upper  portion 40 

(3)  Brown, .decomposing,  thinly  laminated  and  contorted  shale 10 

(4)  Conglomerate^  like  the  upper  portion  of  (2) 20 

(5)  Shales,  like  (3) 12 

(6)  Conglomerate,  like  (4) 15 

(7)  Crumbling,  brownish  shales,  passing  in  the  upper  portion  into  argillaceous 

sandstones  of  the  same  hue  and  texture 200 

(8)  Massively  bedded,  coarse  white  quartzite   (apparently  Rogers's  typical 

No.  1) 500 

Up  to  this  point  the  rocks  are  well  exposed  in  the  c1if!s  which  closely 
border  the  canal.  Proceeding  west  across  the  strike,  we  next  encoun- 
ter a  series  that  forms  No.  (9). 

(9)  Thinly  laminated,  gray  and  reddish  shales.     Probable  thickness 600 

(10)  Alternating  beds  of  quartzite  and  kaolin  shales.    Probable  thickness....      700 

(11)  The  first  rock  seen  next  to  the  mountain  is  thinly  laminated,  fragile  shale, 

of  yellowish  and  reddish  hues  not  fully  exposed.  Next,  to  the  west,  we 
have  bluish  calcareous  slate,  and  slaty  limestone,  50  feet.  Then  very 
thinly  laminated,  firm,  deep  red  slates,  60  feet.  Next  a  similar  slate  of 
blue  color,  15  feet.  Then  a  bed  of  dark  blue,  hard,  and  douse  limestone, 
used  for  cement,  13  feet.  Then  thinly  laminated  red  slates,  20  feet. 
Then  coarser  and  thicker  bedded  blue  slates,  40  feet.  Lastly,  a  coarse, 
rough,  massive,  siliceous  limestone,  40  feet 238 

2, 455 

^e  compares  the  Balcony  Falls  section  with  that  of  Rockfisfa  Gap, 
stating  that  the  thickness  of  Nos.  5  and  6  in  the  latter  section  is  much 
greater  than  that  estimated  for  their  equivalent,  No.  9  in  the  Balcony 

>A]n.  Joar.  Sd.,  8d  ser.,  vol  9, 1875,  pp.  363-365. 
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Falls  section,  showing  that  the  proportion  of  shaly  matter  in  the  entire 
gronp  at  Bockfish  Gap  has  greatly  increased.^ 

In  summing  op  the  physical  characters  of  the  sections  as  described, 
he  says : 

It  will  be  seen  from  the  above  notes  that  in  Virginia  we  have  below  the  caiclferoos 
limestones  a  great  development  of  sandstones,  shales,  and  conglomerates,  which 
attain  in  the  middle  portion  of  the  State  a  thickness  of  over  2,000  feet,  and  increase 
in  the  proportion  of  coarse  materials  to  the  southwest.  They  probably  attain  greater 
thickness  in  that  quarter,  while  to  the  northeast  the  amount  of  sediment  diminishes, 
and  the  proportion  of  fine  matter  increases.  This  change  is  plainly  due  to  the 
increasing  development  to  the  southwest  of  the  sj  enitic  rocks  which  formed  the  shores 
of  the  ancient  seas  and  to  the  greater  violence  in  that  direction  of  disturbing  forces. 
The  Potsdam  sandstone  forms  one  of  the  upper  members  of  this  group.  Much  farther 
study  of  these  strata  is  required  to  settle  the  question  whether  the  entire  series  is  a 
great  expansion'of  the  Potsdam  or  whether  divisions  may  be  made  corresponding  to 
other  epochs.  The  fact  that  at  Rockfish  Gap,  and  to  the  southwest,  a  great  body  of 
ferruginous  slaty  shales  separates  the  lower  highly  siliceous  and  altered,  sandstones 
from  the  upper  Kaolin  sandstones  of  probable  Potsdam  age,  seems  to  indicate  a  change 
in  the  conditions  of  sedimentation  sufiEicient  to  justify  such  a  division,  in  which  the 
Acadian  strata  may  be  found.* 

With  the  single  exception  of  a  Scolithus,  no  fossils  have  been  found 
in  these  rocks  which  would  indicate  their  age. 

In  1883  Prof.  Fontaine  supplemented  his  detailed  description  of  the 
sections  by  a  synoptic  description,  embracing  the  general  character  of 
all  the  formations  that  he  considered  belonging  to  the  Primordial  series.' 
Beginning  with  the  base  of  the  Primordial  he  recognized  six  divisions 
as  follows : 

Feet. 

1.  Lower  Primordial  conglomerate 0  to  30 

2.  Lower  gray  shales  and  flags 500 

3.  Red  shales  and  flags 400 

4.  Upper  gray  shales  and  flags .' 600 

5.  Potsdam  quartz! te 350 

6.  Ferriferous  shales .• 500 


2.380  . 

The  description  of  the  various  formations  is  so  clear  and  full  that  I 
quote  them : 

(1)  Lower  Primordial  conglomerate. — I  would  confine  this  appellation  to  the  lowest 
conglomerate  that  forms  the  base  of  the  Primordial  where  it  is  present,  excluding  the 
conglomerate  bands  that  follow  higher  up,  but  are  separated  from  the  basal  conglom- 
erate by  shale  and  slate.  •  *  •  This  member,  thus  limited,  I  have  not  seen  at  all 
the  places  where  the  Junction  of  the  Primordial  with  the  Azoic  is  exposed.     •     •     * 

The  conglomerate  now  in  question  is  of  special  importance,  since,  when  it  isfonnd, 
we  may  be  sure  that  we  have  the  true  base  of  the  Primordial.  I  have  never  seen  it 
without  finding  the  Azoic  rocks  immediately  under  it.  It  consists  of  a  finer  matrix 
that  is  shaly  or  slaty  in  texture,  in  which  particles,  angular  or  rounded  in  shape, 
of  the  Azoic  strata  are  imbedded.    The  lithological  character  of  the  pebbles  varies 


'Op.cit,p.42l. 
*0]p.oit,p.424. 

*  Notes  on  the  mineral  deposits  at  certain  localities  on  the  western  part  of  the  Blae  Ridge.    The 
Virginias,  voL  4, 1883,  pp.  22, 42^44. 
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with  the  nature  of  the  adjoining  Azoic.  To  the  sonth  they  are  more  commonly  com- 
posed of  gneissoid  rock,  bat  to  the  north  the  Hnronian  schists  fnrnisll  the  ma- 
terial.   •    *    • 

In  the  more  southerly  portions  of  the  belt  a  good  deal  of  partly  decayed  feldspar 
may  be  detected  in  the  finer  matrix,  but  to  the  north  argillaceous  material  forms 
the  cementing  matter  (p.  22). 

(2)  Lower  Gray  Shales  and  Flags, — ^The  lower  portion  of  this  member  of  the  Primor- 
dial frequently  contains  bands  of  conglomerate,  composed  of  quartz  pebbles,  often 
purplish  in  color,  imbedded  in  a  fine-grained  matrix  of  shale  or  slate  •  •  * 
(p.  42). 

The  lower  gray  shales  and  flags  vary  in  character  more  than  any  other  member  of 
the  Primordial.  The  predominant  rocks  are  shales,  that  sometimes  become  slaty  in 
firmness  and  thinness  of  lamination,  or  various  more  siliceous  flaggy  rocks  that  range 
from  purely  argillaceous  shales,  through  argillaceous  sandstones,  into  massive  and 
highly  siliceous  quartzites.  These  latter  have  the  character  described  above.  The 
predominant  color  is  gray,  but  reddish,  yellowish,  or  purplish  and  greenish  colors 
sometimes  occur. 

Some  of  the  grayish  white,  argillaceous  strata  form  a  species  of  claystoue  that 
weathers  to  a  sort  of  kaolin.  Fur  the  sake  of  distinction  these  may  be  called  kaolin 
flags.  This  kind  of  rock  is  much  more  common  in  the  member  next  uuder  the  Pots- 
dam qnartzite.  The  conglomerates  occurring  in  the  lower  part  of  this  member  have 
been  already  described. 

The  general  features  of  the  qnartzite  members  of  this  group  have  been  already  suf- 
ficiently discussed.  Towards  the  southern  portion  of  the  belt,  they  attain  great  dimen- 
sions. This  is  especially  true  of  the  s[^ace  between  the  southern  border  of  Augusta 
County  and  Balcony  Falls.  At  this  latter  place  a  qnartzite  formation  occurs  about 
150  feet  above  the  base  of  the  Primordial,  forming  the  Balcony  Rock.  It  lies  in  huge 
beds  of  a  highly  siliceous  character,  and  is  not  less  than  250  feet  thick.  Here  the 
massive  character  of  the  beds  has  prevented  the  cracking  and  smashing,  accompanied 
with  the  infiltration  of  silica,  so  often  seen  in  the  smaller  beds  of  qnartzite  at  this 
horizon  in  other  places ;  otherwise  the  character  is  as  given  above  for  the  lower 
qnartzites.  I  have  never  seen  any  casts  of  Scolithus  borings  in  these  quartzites.  The 
great  qnartzite  at  Balcony  Falls  disappears  almost  entirely  in  the  northern  portion 
of  the  belt,  its  place  being  taken  by  minor  beds  of  qnartzite,  and  by  shales  and  flags. 
The  subdivision  of  the  Primordial  beds  now  being  described  forms  the  lower  portion 
of  the  Primal  older  slates  of  the  brothers  Rogers. 

(3)  Bed  Shales  and  Flags, — This  also  is  quite  a  variable  group,  and  it  changes  its 
character  very  materially  as  we  go  south.  In  the  northern  portion  of  the  belt,  as  far 
as  Mount  Torrey,  the  greater  portion  of  this  group  is  composed  of  a  fine-grained, 
very  thinly  laminated,  and  tender  slate.  When  fresh  this  rock  has  a  steel  gray  color 
and  pearly  or  nacreous  luster,  but  on  weathering  many  portions  become  deep  blood 
red  in  color.  Some  of  the  lower  and  upper  portions  become  yellow,  but  red  is  the 
pre<lominant  color  from  weathering.  Some  bands  have  small  pebbles  of  the  size  of 
bird  shot  graduating  into  sand.  Some  of  the  red  and  yellow  colors  may  be  original 
and  not  due  to  weathering.  This  can  not  be  decided,  as  all  the  exposures  seen  were 
much  weathered.  This  member,  in  its  northern  exposures,  is  often  affected  by  faults 
that  cause  it  to  extend  over  greater  breadths  than  it  could  occupy  in  virtue  of  its 
thickness.  Quartz  veins  occur  in  it,  having  ihe  nature  of  fissure  veins.  Bands  of 
this  slate  are  impregnated  with  more  or  less  specular  iron,  and  this  in  the  highest 
member  of  the  Primordial  that  shows  iron  in  the  specular  form.  Some  greenish, 
mu(^  indurated  qnartzite  occurs  in  this  member.  This  group  to  the  south  becomes 
more  siliceous  and  the  amonnt  of  red  coloring  matter  diminished. 

At  Big  Mary  Creek  the  slaty  character  is  nearly  lost  and  the  amount  of  red  matter 
is  much  less.  The  strata  are  now  chiefly  rather  siliceous  gray  flags,  and  this  charac- 
ter is  maintained  to  Balcony  Fklls;  there  the  rocks  at  this  horizon  are  nearly  all 
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f  a^gy  an^  gray  in  color;  some  reddish  and  brownish  beds,  however,  are  found.  This 
change  to  a  more  siliceous  nature  is  accompanied  by  a  great  increase  in  the  accom- 
panying quartzites.  These  strata  everywhere,  owing  to  their  comparatively  greater 
capacity  for  yielding  to  strains,  have  suffered  much  from  contortions  and  minor 
faults. 

(4)  Upper  Gray  Shales  and  Flags. — This  group,  as  the  name  implies,  is  somewhat 
like  No.  2,  but  in  it  the  conglomerates  and  specular  ledges  are  wanting  and  the 
amount  of  quartzite  is  usually  much  less.  Owing  to  the  brittleness  of  the  material 
of  the  beds  and  the  ease  with  which  many  of  them  yield  to  crushing,  portions  of  the 
strata  are  often  found  crutJhed  to  loose  fragments.  In  the  fractured  and  crushed  por- 
tions important  deposits  of  limoniteare  sometimes  found  that  are  evidently  produced 
by  the  concoutratiug  action  of  percolating  waters.  The  reddish  and  brownish  rocks 
found  in  No.  2  are  also  wanting  here.  The  predominant  rocks  are  shales  and  flags, 
usually  all  highly  argillaceous,  and  when  fresh  of  a  gray  or  greenish  gray  color,  but 
on  weathering  apt  to  assume  a  grayish  white  color.  Towards  the  top  quartzite  ledges 
are  interstratitied  with  these  and  cause  a  gradual  passage  into  the  Potsdam  quartz- 
ite. In  some  places  the  amount  of  quartzite  here  is  very  large  and  should  properly 
be  counted  as  a  i)ortion  of  the  Potsdam  member  of  the  Primordial.  Perhaps  the  pre- 
dominant rock  is  a  gray  shale  that  resembles  a  hardened  mudstone  and  which  grad- 
uates into  a  sandy  shale.  This  rock  often  decays  to  a  pure  white  clay,  and  nodonbt 
furnishes  the  material  for  the  pure  potter's  clay  sometimes'  found  immediately"^  west 
of  the  Blue  Ridge.  These  strata  for  the  sake  of  distinction  may  be  called  kaolin 
shales  Or  flags. 

(5)  Potsdam  Quartzite. — The  members  of  the  Primordial  below  this,  so  far  as  ob- 
served by  us,  show  no  indications  of  the  former  existence  of  life.  This  portion  of  the 
formation,  however,  shows  in  some  beds  numerous  casts  of  Scolithus  borings,  some 
of  which  are  remarkably  long,  being  visible  for  at  least  3  feet.  The  brothers  Rogers 
considered  this  member  as  identical  with  the  Potsdam  sandstone  of  New  York.  This 
portion  of  the  Primordial  is  more  constant  in  lithological  character  than  the  subdi- 
visions that  underlie  it.  Quartzite  is  always  the  predominant  rock  in  it,  the  remain- 
ing portions  being  mostly  composed  of  the  kaolin  shales  and  flags.  To  the  south, 
and  especially  in  the  interval  from  Mount  Torrey  to  Buena  Vista  furnace,  the  quartz- 
ite is  very  niassivo  ami  siliceous,  composing  nearly  all  of  the  rock  at  this  horizon. 
The  material  is  more  properly  called  a  quartzite  than  a  sandstone.  The  u]>per  and 
lower  portions  are  often  flaggy,  and  cause  a  passage  into  the  underlying  and  overly- 
ing shales  and  flags.  So  far  as  observed,  these  quartzitea  are  never  conglomeratic, 
and  they  arc  free  from  the  infiltrations  of  silica,  the  diffused  chlorite,  and  other  char- 
acters that  mark  the  lower  quartzites.  Near  the  junction  of  this  member  with  No. 
4,  the  strata  are  often  crushed,  the  crushed  band  holding  important  deposits  of  a 
dark  limonite.  The  Quartzite  members  of  this  subdivision  are  sometimes  broken  ap 
and  crushed,  forming  a  curious  band  of  breccia,  cemented  by  iron  or  manganese. 
Sometimes  workable  deposits  of  limonite  are  fonnd  in  these  disturbed  portions. 

(G)  Ferriferous  shales, — It  might  be  a  question  whether  these  shales  ought  not  rather 
to  be  counted  with  the  Calciferous  group.  It  is  certain  that  there  seems  to  be  a 
gradual  passage  from  the  shales  into  the  pure  Magnesian  and  Siliceous  limestones, 
that  correspond  to  the  Calciferous  sandstones  of  New  York.  No  fossils  are  fonnd  to 
settle  the  matter,  and  it  seems  best  to  draw  the  dividing  line  at  the  first  marked 
change  in  the  lithological  character  of  the  strata.  This  change  occurs  with  the  low- 
est limestone  beds,  that  usually  occur  interstratlfied  with  reddish  and  yellowish 
shales. 

The  Ferriferous  shale  group  is  noteworthy  for  containing  throughout  it  deposits  of 
limonite  which  are  often  suited  for  the  manufacture  of  a  neutral  iron.  These  depos- 
its seem  to  be  of  concretionary  origin,  formed  by  the  decay  of  the  shales  which  con- 
tain the  iron  in  a  diffused  form,  probably,  for  the  most  part,  as  a  carbonate,  bnt 
sometimes  as  pyrite.    These  ores  are  consequently  usually  imbedded  in  clay.    They 
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iiasame  the  form  of  lenticnlar  mosses,  asaally  built  up  of  ooucretionary  forma.  These 
oree  are  unlike  those  foaud  in  and  under  the  Potsdam  sandstone,  and  not  rarely  are 
mingled  with  oxide  of  manganese  or  associated  with  it,  forming  ferro-manganese.  In 
the  same  shales,  occurring  under  conditions  similar  1o  the  iron  and  formed  in  like 
manner,  we  find,  not  rarely,  deposits  of  quite  pure  manganese  oxide.  This  is  always 
in  the  form  of  Psilomelane  or  hard  manganese. 

The  lowest  of  the  strata  of  this  group  have  the  character  of  kaolin  shales  and 
flags.  They  graduate  insensibly  into  the  Potsdam  quartzite  member.  In  ascending 
they  become  purely  argillaceous  shales,  generally  of  lead,  or  bluish  gray  color,  when 
fresh.  With  these,  moreover,  occur  strata  yellowish-reddish  in  color,  the'  red  often 
assuming  a  pinkish  shade.  Towards  the  top,  ledges  of  pretty  firm  pure  purplish 
shales  and  flags  are  found  that  are  sometimes  of  the  nature  of  fine-grained  sandstone. 
The  shales  towards  the  top  are  often  calcareous,  and  graduate  into  the  impure  lime- 
stone with  which  the  Calciferous  group  may  be  assumed  to  begin. 

We  thus  have  in  the  Primordial  formation,  in  the  belt  now  being  described,  at 
least  three  horizons  of  iron  ore.  The  lower  strata  contain  specular  iron  ore  usually 
of  low  grade,  the  middle  portions,  extending  as  far  as  the  Potsdam  quartzite,  con- 
taining limonites,  either  impregnating  definite  strata,  or  filling  what  were  once  fis- 
sured and  crushed  bands.  Hence  all  of  these  usually  appear  in  massive  or  rocky  out- 
crops. Finally,  in  the  Ferriferous  shales,  we  have  interrupted  deposits  of  limonite, 
inclosed  in  clay  and  often  mixed  with  manganese.     (No.  12885,  U.  S.  G.  S.  Library.)' 

The  Balcony  Falls  section  has  also  been  studied  by  J.  L.  and  H.  D. 
Campbell  with  a  slightly  varying  resalt.  As  measured  by  Prof.  J.  L. 
Campbell  the  section  is  as  follows : 

FeeL 

1.  Conglomerates 60 

2.  Sandstones 350 

3.  Slates 600 

4.  Sandstones  (thickness  not  given). 

5.  Slates 180 

6.  Scoli thus  sandstone 340 

7.  Shales 600 

Total 2,120 

A  comparison  of  this  with  the  sections  measured  by  Prof.  Fontaine, 
in  1879,  shows  essentially  the  same  succession  of  strata,  although  dif- 
fering materially  in  the  thickness  of  the  various  divisions  based  on  the 
character  of  the  rocks.  Subsequently,  Prof.  Gampbell  added  to  the 
preexistent  information  of  the  section  at  Balcony  Falls,  by  showing 
that  the  primal  series  is  present  upon  the  southeastern  slope  of  the 
Blue  Ridge,  a  short  distance  north  of  the  James  river.  This  was  fol- 
lowed by  a  paper  on  the  Snowdon  slate  quarries,  by  himself  and  his 
son,  in  which  it  is  said  that  the  sandstones  are  penetrated  with  Sco- 
lithus  and  dip  beneath  the  Snowdon  rooiiugslate  quarries.^  An  ac- 
companying ideal  section,  crossing  the  Blue  Eidge  3  miles  north  of 
James  Biver  Gap,  represents  the  Primal  series  at  the  summit  dipping 
to  the  westward  and  op  the  eastern  slope  dipping  at  a  high  angle  to 
the  eastward  and  resting  unconformably  upon  the  Archean  gneiss. ' 

>0p.cit,]ft.43. 

*  The  Snowdon  ftlate  qnarriea.    The  VirginiM,  vol.  5^  1884,  pp.  1G2, 163. 

•Op.cit,p.l70. 
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Prof.  J.  L.  Campbell  concludeSy  from  the  Btractare,  that  this  portion 
of  the  Blae  Bidge  has  been  formerly  spanned  by  a  grand  arch  or  series 
of  arches  of  Cambrian  strata,  nptamedi  perhaps,  at  the  time  of  their 
upheaval.  * 

In  1885  Mr.  H.  D.  Campbell  published  a  more  detailed  section  of  the 
Bine  Bidge  at  Balcony  Falls,  to  illustrate  the  view  that  the  Blue  Ridge 
at  this  point  is  a  portion  of  an  anticlinal  fold,  over  which  the  Cambrian 
strata  formerly  extended  from  the  west  to  the  east,  forming  a  synclinal 
basin  on  the  western  side  of  the  Blue  Bidge.  He  described  the  Cam- 
brian section  at  Balcony  Falls  as  follows : 


1.  Conglomerate 120 

2.  Sandstone 360 

3.  Slates .' 500 

4.  Hard  sandstone 150 

5.  Slates 700 

6.  Sandstone 90 

7.  Slates 120 

8.  Scoli thus  sandstone 350 

Total 2,390 

He  further  states  that,  away  from  the  river  some  distance,  there  fa 
about  600  feet  more  of  sandstone  and  friable  slate  before  reaching  the 
limit  of  the  Potsdam  formation. '  This  gives  a  greater  thickness  to  the 
Cambrian  section  of  Balcony  Falls  than  that  measured  by  either  Pro£ 
J.  L.  Campbell  or  Prof.  Fontaine. 

The  next  complete  description  of  the  Cambrian  in  the  sonthwestem 
portion  of  the  State  is  that  of  Prof.  J.  J.  Stevenson,  in  his  account  of 
a  reconnaisance  of  Bland,  Gyles,  Wythe,  and  portions  of  Pulaski  and 
Montgomery  Counties.    On  the  map  accompanying  the  paper,  the  geo- 
graphic distribution  of  the  Cambrian  rocks  is  shown  for  Montgomeiy, 
Pulaski,  and  Wythe  Counties.    He  includes  in  the  Cambrian  the  lower 
Knox  shales  and  the  Potsdam,  stating  that  the  former  are  probably 
equivalent  to  the  hydromica  schists  of  Pennsylvania  and  the  lower  par^^ 
of  the  Calciferons  of  New  York ;  the  latter  is  the  Potsdam  of  New  Torfe:;^^^^ 
vastly  increased  in  thickness.  ^    The  Knox  shales  are  described  as  bein 
reddish,  sometimes  streaked  with  white  color,  usually  more  or  le^^^, 
greasy,  often  talcose-looking  on  the  slipped  surfaces.    The  shales  a^^^j« 
hard  enough  to  form  bluffs.    The  thickness  could  not  well  be  aseei^^st 
tained,  but  it  can  not  be  less  than  600  feet. 

The  Potsdam  forms  the  great  mass  of  Lick  Mountain,  is  the  sandstone  of 
Monntain,  and  is  found  along  the  southern  border  of  Wythe,  Pulaski  and 
ery  Counties.    The  upper  beds  a^e  alternations  of  sandstones'and  shales. 

1  G«olo^  of  the  Bine  Ridge  near  Balcony  Falla,  Virginia ;  a  modified  view.    ▲m.  Jour.  ScL,  9d  M^^^r 
1884,  vol.  28,  p.  223. 

*ThePotadain  f^roap,  east  of  the  Blae  Rldji^e,  at  Balcony  FaUs,  Vii^la.    Am.  JoDr.SeL,ldi^^*V 
▼01.29,1885.  p.  472. 

*A  geological  reoonnaiMsance  of  Bland,  GileB,  Wythe,  and  portions  of  Pulaski 
Counties  of  Virgin!*.    Am.  PhiL  Soc.  Proo.,  voL  24. 1887,  pp.  88»  87. 
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The  base  of  the  seri^  was  not  observed  by  Prof.  Stevenson,  but  he 
thinks  that  the  sandstone  of  Draper  Mountain  is  not  less  than  2,000 
feet  in  thickness.  The  only  fossils  observed  were  Scolithus  UneariSj  on 
Lick  Monntain. 

In  Dutchess  County,  New  York,  on  the  north,  and  in  Tennessee  on 
the  South,  the  lower  portions  of  the  limestones  are  of  Cambrian  ag:e. 
Whether  the  same  is  true  of  the  arenaceous  limestones  above  the  Cam- 
brian shales  is  one  of  the  problems  to  be  studied  in  Virginia. 

NORTH  CAROLINA. 

The  Cambrian  rocks  in  North  Carolina  are  the  extension  across  the 
border  from  Tennessee  of  the  Chilhowee  series  with,  perhaps,  some  of 
the  Knox  shales.  The  best  section  is  that  along  the  line  of  the  French 
Broad  from  Paint  Rock  on  the  State  line  eastward  up  the  river  to  the 
vicinity  of  Warm  Springs.  The  Paint  Rock  sandstone  apparently  is 
the  representative  of  the  Chilhowee  sandstone,  and  the  shales  the  Knox 
shales,  or  Upper  Cambrian.  The  relation  of  the  other  portions  of  the 
section  on  the  French  Broad  to  these  formations  is,  as  yet,  undetermined. 

TKNNR8SER. 

Ocoee  conglomerate. — ^The  descriptive  details  of  the  Cambrian  rocks 
of  Tennessee  are  almost  entirely  derived  from  the  work  of  Prof.  J.  M. 
Safford  as  published  in  the  '* Geology  of  Tennessee^  in  1869.  A  large 
amount  of  additional  data  has  been  obtained  by  the  geologists  of  the 
U.  S.  Geological  Survey.  At  my  request  Mr.  Bailey  Willis,  chief  of 
Appalachian  Division  of  Geology,  prepared  the  following  notes  upon 
the  geologic  position  of  Prof.  Safford's  Qcoee  formation : 

The  Appalachian  Paleozoic  area  is  bordered  on  the  eastern  side  by  a  bolt  of  elastics 
of  very  great  thIckDeaSy  which  forms  conspicuoas  ridges  between  the  Archean  gran- 
ites and  the  calcareous  Paleozoic  strata.  The  slates,  sandstones,  and  conglomerates 
of  this  belt,  characterized  by  lithologic  similarities  among  themselves  and  distin- 
gnished  by  marked  lithologic  contrasts  from  other  rocks,  fall  into  a  natnral  group. 
Semimetamorphic,  they  occupy  mineralogically  a  position  between  the  crystallines 
and  the  unaltered  sediments.  Resting  in  many  localities  directly  on  the  Archean 
and  containing  fragmental  granitic  minerals,  their  apparent  stratigraphic  position 
is  also  intermediate  between  the  Archean  and  the  unaltered  sediments.  For  these 
reasons,  and  in  the  absence  of  fossils,  they  have  been  placed  by  all  the  older  geolo- 
gists at  the  base  of  the  stratigraphic  column.  Structural  facts  sometimes  fall  in  with 
this  stratigraphic  arrangement,  and  where  they  do  not  faalta  have  been  assumed  to 
account  for  the  superposition  of  the  supposed  older  on  younger  strata. 

In  Tennessee  the  type  localities  of  these  elastics  are  Chilhowee  Mountain  and  the 
Ocoee  gorge,  and  qnartzites  of  the  Chilhowee  type,  but  not  in  Chilhowee  Monntain, 
have  been  correctly  placed  above  slates  of  the  Ocoee  type  by  Safford.  Your  own  dis- 
covery of  fossils  in  the  upper  shales  of  Chilhowee  Mountain  appears  to  determine  the 
age  of  all  these  sediments  as  Lower  Cambrian  or  pre-Cambrian.  Bnt  there  is  an  as- 
sumption which  must  be  sustained,  or  the  conclusion  fails  in  its  broad  application. 
That  is,  that  the  natural  grouping  of  these  strata  by  physical  characters  into  a  single 
series  proves  them  to  be  of  one  perioil ;  this  may  be  the  result  of  similar  conditions 
which  existed  at  different  periods,  and  the  natnral  group  may  include  strata  of  widely 
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• 
separated  horlzona.  The  latter  is  the  fact.  The  Chilhowee  formation  in  Chilhowee 
Moontain  has  been  proved  by  fossils  to  be  Lower  Cambrian,  but  it  is  a  synclinal 
mass  isolated  by  faults,  and  the  definite  determination  does  not  apply  beyond  its 
limits.  It  is  not  connected  with  the  Ocoee  area,  and  the  Ocoee  rocks  in  the  type 
locality  are  so  separated  from  strata  of  known  age,  that  nothing  definite  can  now  be 
asserted  as  to  their  correlations.  Starrs  Mountain,  a  "  Chilhowee"  outlier  24  miles 
southwest  of  Chilhowee  Mountain,  contains  a  foiMiliferons  limestone  apparently  con- 
formably underlying  the  quartzite;  if  further  study  confirms  this  apparent  relation, 
the  quartzite  is  near  or  above  the  top  of  the  Lower  Silurian.  Meadow  Creek  Moun- 
tain and  the  Big  Butt  range,  extending  from  25  to  70  miles  east  by  north  from  Chil- 
howee Mountain  and  assigned  by  Safford  to  the  Chilhowee  and  Ocoee  formations,  are 
determined  on  stratigraphic  and  structural  evidence  to  belong  to  the  Nashville  period, 
the  last  of  the  Lower  Silurian  deposits.  "  Ocoee ''  strata  of  Safford,  occurring  south- 
east of  Chilhowee  Mountain  about  Cades,  Tuckaleechee,  and  Weirs  Coves,  are  known 
to  belong  to  the  Nashville  on  evidence  of  strict  structural  conformity  to  the  Knox 
dolomite  over  three  extensive  quaqnaversals  and  through  transition  beds  from  the 
dolomite  to  the  slates.  The  Nashville  *'  Ocoee  "  strata  in  this  locality  and  in  the  Big 
Butt  exceed  12,000  in  thickness  and  form  some  oi  the  highest  ranges  along  the  North 
Carolina  boundary. 

If,  as  these  facts  prove,  the  great  natural  group  of  elastics  along  the  eastern  Paleo- 
zoic border  is  the  result  of  conditions  repeated  in  different  periods,  we  should  seek 
an  explanation  for  recurrence  of  like  conditions,  and  this  is  found  in  the  relative 
extent  of  subsidence  in  the  Cambrian  and  Silurian  times. 

The  Cambrian  sea  transgressed  over  the  granitic  continent  under  such  conditions 
that  the  constituent  minerals  entered  into  shore  deposits,  without  complete  decom- 
position; these  conditions  probably  existed  in  the  deep  disintegration  of  the  granite, 
as  suggested  by  Pumpelly.  The  subsidence  ceased  during  Knox  time  and  the  depo- 
sition of  the  Knox  was  followed  by  uplift  which  exposed  the  dolomite  to  the  waves 
of  the  Nashville  sea.  The  evidence  of  this  and  of  subsequent  subsidence  is  found 
in  conglomerates  of  Knox  dolomite  at  the  base  of  and  interstratified  with  the  strata 
of  the  Nashville-Ocoee  in  many  localities.  The  beds  associated  with  these  conglom- 
erates are  arenaceous  shales  and  sandstones,  but  higher  in  the  Nashville  series  con- 
formably stratified  with  these,  and  extending  to  basal  conglomerates  resting  on  the 
Archean,  are  deposits  containing  granitic  fragments  like  those  of  the  Cambrian- 
Ocoee.  The  stratigraphic  and  geographic  relations  leave  no  doubt  that  the  Nash- 
ville was  a  period  of  great  transgressions  beyond  the  limits  of  any  previous  subsi- 
dence, and  the  deposits  derived  from  the  granites  in  the  later  time  were  identical 
with  those  earlier  accumulated  from  the  same  source. 

The  semi-metamorphic  character  of  both  Cambrian  and  Nashville-Ocoee  strata 
demands  explanation  which  may  possibly  be  found  in  their  original  composition  and 
in  their  common  relations  to  thrust  and  resistence  during  Appalachian  formation. 
Both  series  of  rocks  are  thin  bedded  piles,  both  rest  against  the  unyielding  Archean 
masses.  Whatever  pressure  they  received  they  were  forced  to  conform  to  and  they 
appear  to  have  suffered  changes  of  form,  which  were  both  mechanical  and  chemical 
and  which  were  induced  by  dynamic  conditions. 

The  generalizations  herewith  submitted  are  derived  from  the  detailed  work  of 
Messrs.  Arthur  Keith  and  C.  Willard  Hayes  as  well  as  from  my  own  studies  and  the 
conclusions  as  to  the  age  of  formations  have  been  reached  through  mutual  coopera- 
tion. 

Chilhowee  sandstone. — The  lithologic  character  of  the  Chilhowee  saiid- 
stoue  is  £:iven  as  follows  by  Prof.  Sa£ford : 

It  is  a  great  group  of  heavy-bedded  sandstones,  often  dark,  but  generally  weathering 
to  a  grayish  white,  and  containing  great  beds  of  whitish  qnartzose  sandstone,  or  quartz- 
ite. Interstratified  with  the  heavy-bedded  rocks  are,  at  some  points,  sandy  shales, 
and  thin  flags,  often  containing  scales  of  mica.    Some  of  the  sandstones  are  coarse 
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and  approach  fine  conglomerate.  It  may  be  mentioned,  too,  that  not  anfreqaentlj 
the  strata  have  green  grains  (glanconite)  disseminated  through  them. 

The  sandstones  of  this  group  very  often  show  the  worm-holes,  and  the  sandy  rods 
within  them,  belonging  to  Hall's  species  Soolithua  linearis.  I4  is  the  exception  not  to 
meet  with  them.  In  addition  to  these,  the  surfaces  of  the  strata  sometimes  show  im* 
pressions  of  fucoids.  No  other  fossils,  that  I  know  of,  have  been  found  in  this  horizon 
of  Tennessee. 

This  formation  is  by  no  means  as  thick  as  the  Ocoee  series ;  yet  it  has  volume 
enough  to  form  conppicuous  mountain  ridges.  It  is  not  easy  to  determine  its  thick- 
ness; its  maximum  is  not  less,  however,  than  2|000  feet,  and  it  may  be  considerably 
more.* 

This  general  description  is  followed  by  the  detailed  description  of  a 
number  of  sections.  The  lithologic  featnres  of  this  formation  are  much 
the  same  in  all  of  its  presentations,  from  Virginia  to  Georgia.' 

Knox  sandstone  and  shale. — In  the  table  of  geological  formations  the 
Knox  group  is  next  in  order  above  the  Chilhowee  sandstone,  and  it« 
basal  member  is  formed  by  the  Knox  sandstone.^  The  principal  rocks 
of  the  Knox  sandstone  are  hard  inhales  and  thin  sandstones,  heavier 
sandstones  being  iuterstratihed  with  these.  The  heavier  sandstones 
are  fine  or  coarse  grained,  sometimes  quartzose.  They  occasionally 
abound  in  green  grains.  In  the  section  of  Webb's  liidge,  near  Knox- 
ville,  the  hard,  dark,  gray  sandstone  referred  to  occurs  six  times  in 
beds  from  three  to  ten  feet  thick,  and  weathers  into  a  buft*,  softer  ma- 
terial. In  general,  the  included  layers  vary  much  in  appearance.  As 
before  stated,  beds  of  dolomite  are  met  with  in  the  division.^ 

The  thickness  of  these  rocks  can  not  be  much  less  than  800  or  1,000  feet  lu  Webb's 
Ridge,  where  they  are  in  less  force  than  at  many  other  points,  the  thickness  is  540 
feet. 

The  strata  are  often  ripple-marked,  and  sometimes  covered  with  fucoidai  impres- 
sions and  ridges.  Aside  from  fucoids,  I  have  not  met  with  any  fossils  in  these  rocks. 
•    •    • 

It  may  be  mentioned  as  a  prominent  feature  of  this  division  and  of  the  Knox  shale 

-overlying  it  that  they  present  nhales  and  sandstones  of  many  different  colors.    The 

rocks  are  pale  green,  brown,  and  red,  chestnut-colored,  buff,  gray,  and  other  colors. 

.  Brownish  red,  greenish,  and  butt  are,  perhaps,  the  prevailing  tints.    The  colors  are 

often  bright,  and  notably  agreeable. 

In  reading  the  description  of  the  Knox  sandstone  by  Prof.  Safford,  I 
have  failed  to  find  any  general  or  detailed  section  or  description  that 
connects  the  Chilhowee  sandstone  and  the  Knox  sandstone.  Appar- 
ently there  is  not  any  section  known  in  which  the  two  are  seen  in  strat- 
igraphic  relation  to  each  other.  From  the  character  of  the  section 
and  the  sedimentation,  it  may  be  that  the  Knox  sandstone  is  the  repre. 
sentative  of  a  portion  of  the  Chilhowee  series,  the  former  being  the 
off-shore  deposit,  while  the'Chilhowee  sandstone  accumulated  near  the 
shore. 

The  Knox  shale  is  largely  a  variegated  shale,  with  interstratified 
beds  of  thin  layers  of  blue  limestone,  which  is  often  oolitic. 

1  Geology  of  TennesBee,  pp.  198,  lOA.  •  Op  oit,  p.  168, 

*Op.cit.,18(»,p.208.  K>p.oit.,p.aO». 
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The  oalcareoas  bands  in  the  lower  part  of  the  division  are  not  namerods;  toward 
the  top,  they  generally  become  more  abandanf,  increasing  as  we  ascend,  until  finally 
the  shales  disappear,  and  the  blue  oolitiolinie  stone,  and  dolomites  are  the  only 
rocks.    In  this  way  the  sliale  division  runs  into  the  up^iermost  one. 

In  the  northeastern  part  of  the  State  the  shales,  as  a  division,  are  not  well  charac- 
terized. As  already  stated  they  are  much  mixed  with  beds  of  limestone  and  dolo- 
mites, and  lose,  in  good  part,  their  distinctive  features.  Moreover,  in  this  region 
there  is  little  oolite  rock.  A  portion  of  the  shale  appears  to  be  replaced  by  a  blue 
limestone  containing  thin  clayey  seams,  which  give  the  surface,  especially  when 
weathered,  a  striped  appeitrance.  This  striped  rock  occurs,  too,  further  south,  its 
place  being  at  the  top  of  the  shale. 

The  thickness  of  the  Knox  shale  is  not  easily  determined.  What  is  said  in  refer- 
ence to  the  thickness  of  the  strata  in  Poor  Valley  *  •  •  applies  generally.  We 
may  place  it  as  an  approximation  at  1,500  or  2,000  feet.^ 

Prof.  Safiford  states  that  fossils  occur  iu  a  blae  limestone  intercalated 
with  shales,  sometimes  quite  abundantly,  both  in  the  compact  and  oolitic 
layers.  Toward  the  top  of  the  division  and  in  the  blue  rocks  of  the 
succeeding  division  they  are  seen  at  many  points.  The  shales  them- 
selves are  occasionally  fossiliferous.  It  was  his  intention  to  describe 
the  species  in  the  appendix  of  the  volume,  but  we  find  only  a  list  of 
names,  as  follows :' 

Cropicephalns  similis,  Safford. 

roanensis,  Safford. 

tennesseensis,  Safford. 
Lonchocephalus  fecundus,  Safford. 
Agnostus  arcanus,  Safford. 
Lingula  prima  T ,  Conrad.  - 

A  large  collection  has  been  made  within  the  last  few  years  at  the 
localities  from  which  he  obtained  his  specimens,  and  from  many  others 
in  Tennessee,  that  indicate  this  fauna  to  be  a  portion  of  the  Upper 
Cambrian  or  Potsdam  fauna.  The  same  fauna  extends  up  into  the  base 
of  the  limestone  for  a  short  distance.  The  entire  dolomitic  scries  is 
referred  to  the  Knox  group  by  Prof.  Safford,  but  I  think  that  the  line 
of  demarcation  must  be  drawn  near  the  base  of  the  dolomite. 

As  a  whole,  the  Cambrian  group  in  Tennessee  is  represented  by  a 
great  series  of  sandstones  at  the  base,  succeeded  by  a  series  of  shales 
that  become  more  and  more  calcareous  toward  the  top,  where  they  pass 
into  the  dolomitic  series,  forming  the  base  of  the  Silurian  (Ordovician) 
system.  During  the  progress  of  the  resurvey  of  eastern  Tennessee  by 
the  geologists  of  the  U.  S.  Geological  Survey  I)r.  Cooper  Curtice  found 
a  few  fossils  in  the  shales  interbedded  in  the  qnartzite  of  Chilhowee 
Mountain,  and  in  1889  I  found  a  few  specimens  in  the  shale  about  20 
feet  above  the  qnartzite  in  the  upper  shale'bed.  The  study  of  the  fos- 
sils collected  by  Dr.  Curtice  and  myself  proves  that  the  Olenellus  or 
Lower  Cambrian  fauna  occurs  in  the  shales  of  the  qnartzite  series  of 
Cbilliowee  Mountain.  This  fauna,  with  that  found  in  the  njfper  portion 
of  the  Knox  shales  and  the  base  of  the  dolomite,  gives  two  distinct 

>  Op.  Oit.,  p.  211.  s  Op.  cit,  p.  212. 
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horizous  in  the  Oambrian  of  Tennessee — the  Lower  Gambrian  and  the 
Upper  Cambrian.  Between  the  two  there  is  an  unknown  thickness  of 
Hhale,  in  which  fossils  have  been  found  sparingly,  but  not  in  sufficient 
nambers  to  determine  the  presence  of  the  Middle  Oambrian  fauna.  If 
the  definition  that  the  base  of  the  Oambrian  is  to  be  drawn  at  the  lowest 
horizon  in  which  the  Olenellns  fauna  is  found  is  applied  in  Tennessee, 
the  Ghilhowee  sandstone  will  be  referred  to  the  Oambrian. 

GEORGIA. 

The  published  information  relative  to  the  Oambrian  rocks  of  Georgia 
18  largely  contained  in  the  work  of  Mr.  George  Little.  It  is  summed  up 
ia  the  compilation  prepared  for  the  Department  of  Agriculture,  under 
the  direction  of  Mr.  Henderson,  as  follows  : 

Acadian. — Along  the  western  esoarpment  of  th^  Cohattas  exist  beds  of  seiuimeti^ 
niorphic  slates,  and  conglomerates,  apparently  of  very  great  thickness.  To  this  form- 
ation, in  Tennessee,  has  been  given  the  name  of  Oooee  group,  from  the  Ocoee  River, 
along  which,  near  the  line  of  Tennessee  and  Georgia,  the  rocks  appear  to  have  their 
greatest  development,  or  at  least  are  most  prominently  displayed. 

The  group  as  yet  is  not  known  to  contain  fossils,  but  has  been  referred  on  the  ground 
of  its  supposed  stratigraphic  relations  to  the  Acadian  epoch.  A  sandstone  of  several 
hundred  feet  in  thickness  is  conspicuously  displayed  in  steep  ridges  or  mountains 
skirting  the  western  base  of  the  Cohutta,  Pine  Log  and  Allatoona  Mountains.  This 
is  the  Chilhowee  sandstone  of  Tennessee,  and  is  believed  to  be  the  equivalent  of  the 
Potsdam  sandstones.  In  Tennessee,  ScoUthus  impressions — worm  holes  filled  with 
sandy  rods,  somewhat  softer  than  the  body  of  the  rock — are  mentioned  as  a  common 
characteristic  of  the  sandstone  by  Prof.  Safford,  and  indicate  a  probable  identity  in 
age  with  the  Potsdam  sandstone  of  New  York.  These  markings  have  not  yet,  so  far 
as  known,  been  observed  in  this  State,  but  the  sandstones  are  often  filled  with  small 
rounded  concretions,  that  disappear  from  the  weathered  surface,  and  give  much  the 
appearance  presented  by  a  cross-section  of  the  Scolithus  rods  in  sandstone. 

This  is  succeeded  by  hard  glanconitic  shales  and  glauconitic  sandstones,  associated 
with  siliceous  limestones,  found  in  a  broad  belt  of  country  along  the  Coosa  River, 
and  give  rise  here  to  what  is  known  as  the  Flatwoods.  Some  portion  of  the  same 
group  is  found  in  a  belt  of  country  in  the  eastern  portions  of  Gordon  and  Bartow  and 
the  southern  part  of  Murray,  and  also  come  to  the  surface  again  for  a  few  miles  in 
sterile  ridges  on  the  western  side  of  Whitfield  County,  between  Dick's  Ridge  and 
Cliattoogata  Mountain.  Trilobites  are  found  in  some  of  the  shales  and  limestones, 
and  are  abundant  in  the  Flatwoods,  near  Livingston,  in  Floyd  County. 

A  prominent  mineral  characteristic  is  the  common  appearance  of  green  sand  or 
glauconite  in  the  shales  and  sandstones,  and  sometimes  in  the  limestones.  This  green 
sand)  may  be  found,  on  close  examination,  in  most  of  the  shales  and  sandstones, 
and  is  sufficiently  abundant  in  some  to  give  them  a  decided  green  color.     •     •     * 

Knox  shale, — Shales  and  limestone  of  an  estimated  thickness  of  3,500  feet.  The 
shales  are  more  or  leas  calcareous,  and  are  generally  of  a  light  green  shade  of  color, 
below  the  water  surface,  but  weather  into  a  great  variety  of  shades  from  buff  to  red, 
blue,  green,  brown  and  black,  but  is  most  generally  some  shade  of  brown.  These 
shales  exist  in  all  the  counties  in  northwest  Georgia  except  Dade,  and  are  found  in  a 
number  of  long  valleys,  varying  from  half  a  mile  to  1  or  2  miles  in  width,  constituting 
a  large  part  of  the  area  of  cultivated  lands  in  this  section  of  the  State.  Among 
these  are  the  Oothkalooga  Valley  of  Bartow  and  Gordon,  the  Cooehnlle  and  Dogwood 
Valleys  of  Whitfield,  and  the  Chattooga  YaUey  of  Walker  and  Chattooga.^ 

*  Henderson,  J.  T. :  Geology  (of  Georgia) .  The  Commonwealth  of  Georgia ;  the  country,  the  people^ 
the  prodiMtions.    Atlanta,  1885^  pp.  83, 84. 
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As  noticed  in  the  historical  review,  Mr.  McCatchen's  estimates  of  the 
thickness  of  the  formations  referred  to  the  Primordial  is  8,000  feet,  and 
to  the  Knox  shale  series  2,400  feet,  making  a  total  thickness  of  10,400 
feet.  The  estimates  of  the  author  we  have  just  quoted  assign  to  the 
Knox  shale  a  thickness  of  3,500  feet,  which  will  give  a  still  greater 
thickness  for  the  total  Cambrian  section.  I  think,  however,  that  all 
such  estimates  must  be  carefully  revised,  as  the  rocks  of  the  Knox 
shale  series  are  very  much  disturbed  by  plications  and  faulting. 

An  unpublished  section,  by  G.  Willard  Hayes,  of  the  Appalachian  Di- 
vision of  the  U.  S.  (^logical  Survey,  extending  from  Bome,  Georgia, 
to  Gadsden,  Alabama,  gives  the  following  series,  extending  from  the 
top  downward : 
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Knox  dolomite 

Thin  bedded  seamy  limestone,  sometimes  bine  and  mass- 
ive. 

YeUow  shales,  calcareous,  grading  into  seamy  limestone. 

Earthy  limestone  interl>edded  with  shales,  often  want- 
ing ;  locally  carries  nodules  of  chert. 

Yellow  shalee. 

Oolitic  limestone;  thin  beds  in  light  green  or  yellow 
shales. 

Variegated  sandy  shales,  purple,  green,  brown,  etc 

Thin  beds  of  highly  colored  sandstone ;  red,  purple,  and 
green ;  show  ripple  marks  and  sun  cracks.  Beds  1 
to  12  inches  thick  with  interbedded  shales.  Maxi- 
mum thickness  shown  between  Rome,  Georgia,  and 
Big  Cedar  Creek 

Green  shales,  with  thin,  hard,  siliceous  beds,  ^  to  2 
inches  thick,  or  layers  of  flat  nodol^.  Maximum 
thickness  at  Georgia-Alabama  line 

Fine  yellow  or  brown  shales,  containing  some  beds  of 
blue  limestone 

Heavy  beds  blue,  seamy  limestone 

Yellow  or  green  clay  shales,  with  thin  beds  of  blue 
limestone  contorted  add  filled  with  calcite  veins. 
Sometimes  the  shales  contain  silicenns  nodules.  Al- 
ways highly  contorted.  Cover  a  large  area  between 
Rome  and  Gadsden,  and  form  the  **  Flatwoods'' of 
Coosa  Valley.  Thickness  not  known ;  probably  not 
less  than 
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In  a  recent  paper  on  the  valley  rocks  of  northwestern  Georgia,  Mr. 
Hayes  assigns  a  thickness  of  1,600  to  2,000  feet  to  the  Gonnasaaga 
(=:Montevalloof  Smith)  shales;  2,000  to  3,500  feet  to  the  Borne  sand- 
stone  and  Weisner  qnartzite,  and  3,000  feet  pins  to  the  Goosa  shales.^ 

In  a  section  at  Mount  Weisner,  Alabama,  Mr.  Hayes  found  a  qnartz- 
ite that  he  considers  to  correspond  to  the  Home  sandstone.  It  has  a 
thickness  of  about  800  feet,  and  is  in  the  form  of  lenticular  masses  of 
white  qnartzite;  sandstone  and  conglomerate  occur  at  the  base  and 

1  The  Orerthnut  fkvlta  of  the  sonthem  Appalaohiana.    Boll.  Oeol.  Soo.  Amerioai  toL  2;  Feb.,  1891, 
^148,pl.S. 
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replace  a  portion  of  the  Eoine  sandstone.  In  Indian  Mountain  it  is 
ranch  thicker  than  in  Monnt  Weisner,  and  consists  of  several  beds  of 
qaartzite,  with  intervening  masses  of  3'ellow  sandy  shales. 

The  fossils  collected  from  the  Coosa  shales  by  Dr.  Cooper  Curtice 
indicate,  as  stndied  by  me,  the  Middle  Cambrian  fauna  of  the  northern 
Appalachian  section.  The  Connasauga  shsile  is  correlated  by  its  strati- 
graphic  position  with  the  Knox  or  Upper  Cambrian  shales  of  the  Ten- 
nessee section.  In  Mr.  Hayes' table  the  Rome  sandstone  and  Weisner 
qnartzite  are  placed  on  the  same  horizon  with  the  Knox  sandstone, 
I*otsdam  or  Chilhowee  of  Smith  and  Safiford.  That  the  correlation  by 
Messrs.  Smith  and  Safibrd  of  the  Weisner  quartzite  with  the  Chilhowee 
is  probably  incorrect  is  supported  by  the  fact  that  the  fauna  of  the 
Coosa  shales  belongs  above  the  Chilhowee  sandstone  in  sections  where 
the  succession  is  undisturbed.  The  Chilhowee  sandstone  fauna  is  the 
type  of  the  Lower  Cambrian,  and  the  Coosa  shale  fauna  is  that  of  the 
Middle  Cambrian. 

When  the  maps  of  the  Paleozoic  region  of  Georgia  and  Alabama  are 
published  geologists  will  have  the  data  for  the  geographic  distribution 
of  the  Cambrian  rocks,  and  also  sections  showing  the  relative  position, 
thickness,  and  the  variations  in  the  character  of  sedimentation  from 
the  south  to  the  north  as  the  formations  pass  to  the  north  into  Ten- 
nessee. 

ALABABiA. 

Our  knowledge  of  the  Cambrian  rocks  of  Alabama  is  largely  obtained 
from  the  Report  of  Progress  for  1875.  The  nomenclature  adopted  for 
the  fossiliferons  sedimentary  rocks  up  to  the  base  of  the  Knox  dolomite, 
by  Prof.  Saftbrd,  in  Tennessee,  is  followed  by  Prof.  E.  A.  Smith  in  this 
report  To  the  Primordial  or  Cambrian  series  he  assigns  the  Acadian 
epoch,  or  the  conglomerates  and  slates  corresponding  to  the  typical 
Ocoee  section  in  Tennessee.  To  the  Potsdam  epoch  he  confines  the 
Chilhowee  sandstone  of  the  Tennessee  section.  The  Knox  sandstone 
and  Knox  shales  are  referred  to  the  Canadian  period.  The  term  <^  Cal- 
ciferous  sandstone"  is  used  as  the  equivalent  of  Knox  sandstone,  and 
^^  Quebec  shales  "  of  the  Knox  shales.  The  section  of  the  Acadian  slates 
and  conglomerates  in  Talladega  County  is  considered  by  Prof.  Smith 
typical  of  this  series  in  Alabama.^    The  description  is  as  follows : 

The  western  border  of  the  Metaraorpbic  rocks  in  Alabama  is  formed  by  a  belt  of 
slates  and  conglomerates,  semi-metamorphio  in  aspect,  and  of  varying  width,  but  per- 
haps of  an  average  width  of  six  miles.    These  rocks,  which  in  every  respect  seem  to 
be  the  exact  equivalents  of  Prof.  Salford*s  Ocoee  Slates  and  Conglomerates,  are  re 
fcrred  like  them  to  the  Acadian  epocb.^ 

The  stratigraphic  succession  of  the  beds  is  not  well  determined. 
There  is  a  belt  of  greenish  talcoid,  or  hydro-mica  slate,  and  a  series  of 
conglomerates  which  are  sometimes  a  slaty,  arenaceous  rock,  but  often 

>  Report  of  Progress  of  the  Oeologioal  Sarvey  of  Alabama  for  1876.    Montgomery,  1876,  pp.  li^l?. 
>  Op.  oil.,  p.  127. 
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quite  massive^  and  made  np  of  lamps  of  pebbles  of  opalescent  qaartz 
and  opaque  wliite  feldspar,  beld  in  a  matrix  of  greenish  talcoid  matter. 
Of  the  second  division,  or  the  Potsdam,  it  is  said : 

Next  in  ascidnding  order,  to  tbo  slates  and  cooglomerates  of  the  preceding  group, 
comes  a  series  of  sandstones  which  form  the  most  conspicuoas  mountains  ontside  the 
Metamorphic  and  Acadian  areas.  The  direct  superposition  of  this  sandstone  npon 
the  slates  of  the  Acadian  age,  I  have  not  seen  in  Alabama,  unless  on  the  eastern  edge 
of  that  belt,  the  prominent  sandstone  or  quartzite  ridge  be,  as  seems  quite  probable, 
metamorphosed  Potsdam  sandstone.  In  the  disturbed  region  of  the  Kahatchee  Hills, 
also,  half  metamorphosed  slates  are  seen,  some  of  which  may  belong  to  the  Acadian 
epoch,  whilst  others  are  evidently  altered  Knox  shales. 

Fine-grained  conglomerates,  heavy-bedded  sandstones,  and  sandy  shales  make  up 
the  great  mass  of  the  rocks  of  this  formation.  I  have  noticed,  also,  occasionally, 
masses  of  a  brownish  porous  chert,  which,  from  its  association  with  the  sandstones, 
seems  to  be  of  the  same  age. 

In  general,  the  rocks  of  this  formation  are  heavy  bedded,  almost  massive,  and  the 
higher  crests  of  the  Potsdam  Mountains  are  usually  covered' with  huge  blocks  of 
sandstone  and  fine-grained  conglomerate.  In  the  lower  parts  of  these  ranges,  sandy 
shales  are  the  prevailing  rocks.  *  •  *  Xhe  most  characteristic  markings  of  the 
rocks  of  this  formation  are  the  sandy  rods,  caused  by  the  filling  in  with  sand  of  the 
burrows  of  a  marine  worm,  Scolithas  linearis.  Upon  the  bedding  planes  of  the  sand- 
stones, small  rounded  depressions  or  dots  mark  the  cross-sections  of  these  Scolithus 
burrows.  As  yet  I  have  found  no  other  marks  of  organic  origin  in  strata  of  this 
horizon.    •    *    * 

The  nature  of  the  rocks  of  this  group,  conglomerates,  sandstones,  and  sandy  shales, 
the  fossil  markings,  principally  the  burrows  of  marine  worms,  etc.,  all  point  to  a  sea- 
shore origin.^ 

From  the  preceding  descriptions,  the  equivalency  of  the  Chilhowee 
sandstone  and  quartzite  with  that  of  Alabama  is  extremely  probable, 
if  not  certain. 

w 

Of  the  sncceeding  formation,  the  Knox  sandstone,  the  following  de- 
scription is  given : 

The  rocks  of  this  group  succeed  next,  in  ascending  order,  the  Potsdam  sandstone, 
and  they  are  often,  no  doubt,  found  resting  directly  upon  that  rock.  I  have  not, 
however,  often  seen  them  in  this  position  4  but  much  ofteuer  just  on  the  southeast  side 
of  a  fault  by  which  they  have  been  raised  to  the  level  of  a  much  higher  formation. 
This  sandstone  is  more  generally  associated  with  the  shales  of  the  next  higher  group, 
and  these  with  dolomite,  so  that  three  groups  are  usually  closely  associated  geograph- 
ically as  well  as  lithologically, 

A  calcareous  sandstone,  sometimes  thick,  sometimes  thin  bedded,  is  the  character- 
istic Knox  sandstone. 

It  is  associated  with  hard  calcareous  shales  much  like  the  shales  of  the  next  higher 
division.  The  bedding  planes  of  the  sandstone  commonly  show  ripple  marks  and 
irregular  raised  markings,  which  are  commonly  supposed  to  be  fncoidal  impressions. 
The  bedding  planes  are  also  frequently  smooth  and  shining  as  if  polished.  Green 
grains  of  glanconitio  mineral  are  usually  to  be  seen  upon  a  fresh  fracture  of  the  sand- 
stone ;  upon  weathered  surfaces  the  brown  color  of  hydrated  ferric  oxide  is  often 
the  result  of  the  decomposition  of  this  mineral.  The  colors  of  the  Knox  sandstone 
are  pleasing  to  the  eye,  and  are  gray,  greenish  brown,  buff,  chestnut  colored,  etc. 
Beds  of  dolomite,  impure  and  cherty,  are  found  in  the  upper  part  of  this  formation; 
two  such  calcareous  beds  were  noticed  in  the  exposure  of  Knox  sandstone  at  the 
Jackson  shoals  and  also  at  Helena.    *    *    * 

i0p.cit,p.ia-19. 
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It  [Knox  sandstone]  would  naturally  be  looked  for  overlying  directly  the  Potsdam 
sandstone  of  the  mountains  enumerated  in  a  previous  section ;  but  it  is  not  always 
easy  to  distinguish  it ;  since,  however,  these  ridges  of  Pot«dam  sandstone  have  a  well 
defined  belt  of  Knox  shales  on  their  eastern  and  southeastern  flanks,  the  Knox  sand-^ 
stone,  probably  in  most  oases,  intervenes  between  the  two.* 

It  will  be  noticed  in  tbe  description  given  of  the  Knox  sandstone 
that  its  direct  superposition  upon  the  massive  '^  Potsdaip  "  sandstone 
has  not  been  observed.  I  think  that  as  in  Tennessee  the  Knox  sand- 
stone may  be,  m  part,  the  equivalent  of  the  sandstone  referred  to  the 
Potsdam  or  the  Chilhowee  sandstone.  It  is  probably  the  accumula- 
tion of  sand  and  shale  deposited  while  the  sediments  of  the  more 
massive  sandstones  were  accumulating  nearer  the  coast  line. 

The  Knox  shales  rest  conformably  upon  the  Knox  sandstone  series 
and  correspond  in  their  description  closely  with  the  Knox  shales  of 

Tennessee.    Of  these  beds  Prof.  Smith  says: 

• 

The  characteristic  rocks  of  this  subdivision  of  the  Knox  group  are  calcareous  shales 
of  bright  and  agreeable  colors,  usually  gray,  bufi*,  greenish,  brown,  chestnut  colored, 
and  red.  The  shales  are  tolerably  soft,  and  in  some  portions  in  weathering,  break  up 
into  small  angular  pieces  resembling  shoe  pegs.  Strata  of  dark  blue  limestone,  some- 
times banded  with  argillaceous  layers,  are  found,  especially  in  the  upper  part  of  this 
division.  The  weathering  of  such  limestones  brings  into  relief  the  bands  or  stripes 
of  argillaceous  matter,  and  tbe  limestone  appears  very  distinctly  banded.  Where 
these  impurities  are  not  so  regularly  disposed  in  layers,  but  in  patches,  the  promi- 
nence given  to  them  by  the  weathering  away  of  the  limestone  gives  them  a  striking 
resembhince  to  half-exposed  fossils. 

In  some  places  layers  of  dark  colored  oolitic  limestone  have  been  observed,  one  of 
the  best  localities  of  this  peculiar  rock  being  at  the  foot  of  the  mountain  at  Alpine 
Station  in  Talladega  County. 

In  the  upper  part  of  the  division  blue  limestone  layers  become  mor^  frequent,  and 
the  transition  into  the  overlying  Dolomite  is  so  gradual  that  a  line  between  them 
lithologically  is  hard  to  draw.* 

The  only  instance  mentioned  to  indicate  the  relations  of  the  so-called 
Potsdam  sandstone  to  the  Knox  shales  is  in  the  following  paragraph : 

Between  the  Ladiga  Mountain  and  the  hills  of  Acadian  slate  in  Calhoun  County, 
there  are  numerous  small  ridges  of  Potsdam  sandstone,  on  the  flanks  of  which  the 
Knox  shales  seem  never  to  be  wanting.^ 

No  fossiliferous  strata  were  observed  in  this  division. 

The  distribution  of  the  Cambrian  rocks  of  Alabama  is  shown  on  a 
map  accompanying  Prof.  E.  A.  Smith's  outliue  of  the  geology,  published 
in  1878.  On  this  map  the  geographic  distribution  of  both  the  Cambrian 
and  Lower  Ordovician  rocks  is  delineated  under  one  color  called  the 
Silurian.  It  includes  all  the  formations  from  the  Clinton  down  to  the 
Acadian.  Of  these  formations  the  Cambrian  includes,  at  the  summit, 
the  Quebec  or  Knox  shale  and  Knox  dolomite,  or  at  least  the  lower 
X>ortiou  of  it,  and  subjacent  to  this  the  Ca1(;iferons  or  Knox  sandstone, 
beneath  which  the  Potsdam  and  Acadian  are  placed,  the  latter  forming 
the  base  of  the  Paleozoic  series.^ 

, -_        -  _    ■  I  II  ■      r  r    T      1 -    -       -_-■    —  ..,  -  —  ■         __^__^^ 

<Op.cit,pp.  17,18.  «0p.cit.,p.  10.  >Op.ril.,p.20. 

'Ontllne  of  the  geology  of  Alabama.    Berney's  Uaudbook  oi  Alabama,  1878,  p.  139. 
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In  a  report  on  the  geology  of  the  Gahaba  Goal  Field  Prof.  Eugene  A. 
Smith  deHcribes  the  Cambrian  rocks  as  they  occnr  in  the  Coo^a  Valley 
of  northeastern  Alabama.  The  maximum  thickness  given  is  10,000 
feet  in  the  eastern  part  of  the  Coosa  Valley.  The  subdivisions  of  the 
Cambrian  recognized  are,  in  ascending  order,  as  follows:  "The  Coosa 
shales,  the  Choccolocco  or  Montevallo  shales,  and,  iuterbedded  with 
the  last  named,  the  Weisner  quartzite.  "^ 

The  Coosa  shales  are  described  as  thin-bedded  limestones  with  clay 
seams  at  the  base,  and  pass  above  into  the  Montevallo  shales, 
which  form  a  considerable  thickness  of  sandy  shales  of  a  great 
variety  of  colors,  snch  as  olive,  green,  brown,  chocolate,  yellowish, 
etc  In  the  upper  pari  of  the  Montevallo  shales  beds  of  blue  limestone 
and  gray  dolomite  occur  which  are  difficult  to  distinguish  from  similar 
rocks  occurring  in  the  superjacent  dolomite  series.  Lenticular  masses 
of  quartzite  many  hundreds  of  feet  in  thickness  occur  in  the  Montevallo 
shales.  This  qnartzite  is  named  the  Weisner  quartzite  from  its  typical 
locality  at  Weisner  Monntain,  east  of  Jacksonville,  and  is  correlated 
with  the  Chilhowec  formation  of  Prof.  Safford  in  Tennessee.* 

From  our  present  knowledge  of  the  formations  referred  to  the  Cam- 
brian in  Alabama  it  appears  that  they  are  the  continuation  of  those  re- 
ferred to  the  same  group  in  Georgia  and  Tennessee,  though  varying 
somewhat  in  the  local  details  of  sedimentation,  thickness  of  beds,  and 
lithologic  characters. 

The  section  of  Mr.  G.  Willard  Uayes,  described  under  Georgia,  em- 
braces much  of  the  Cambrian  strata  that  passes  into  Alabama,  and 
should  be  referred  to  in  this  connection.    (Ante,  p.  304.) 

r£sum6. 

For  a  distance  of  over  1,200  miles  the  pre-Cambrian  lands  formed  the 
eastern  boundary  of  this  province  during  the  deposition  of  the  sediments 
of  Cambrian  time.  From  below  Montreal  to  the  foot  of  Lake  Cham  plain 
and  thence  southward  to  the  crossing  of  the  Hudson,  below  Pough- 
keepsie.  New  York,  and  on  across  New  Jersey,  Pennsylvania,  Virginia, 
Tennessee,  and  into  Georgia  and  Alabama,  the  rocks  of  this  preCam- 
brian  land  form  an  almost  continuous  outcrop  at  the  present  day.  The 
Cambrian  rocks  extend  400  miles  farther  to  the  northeast  from  Quebec 
to  the  northern  portion  of  the  peninsula  of  Gaspd ;  but  there  is  now  an 
interval  of  over  200  miles  between  the  Archean  ridges  of  eastern  Quebec 
and  the  long,  narrow  Archean  axis  iif  the  Oa8p6  peninsula.  The  ex- 
posures of  the  Cambrian  on  the  coast  of  Labrador,  opposite  the  Straits 
of  Belle  Isle,  and  those  of  the  west  shore  of  Newfoundland,  have  been 
included  in  the  Atlantic  Coast  Province,  but  they  are  quite  as  much  a 

'  Geological  ntractnre  »nd  description  of  the  valley  region  at^aoent  to  the  Cababa  Coal  Field.    Gcol, 
Snrvey  of  Alabama.    Report  on  the  Cab  aba  Coal  Field,  pt.  ii,  1890,  p.  148,  (issued  January,  1881). 
*Op.dt,pp.l48,14«. 
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part  of  the  Appalachian  Province  by  fanna  and  physical  character  and 
are  considered  as  a  connecting  link  between  the  two  provinces.  The 
Labrador  deposits  are  on  the  north  shore  of  the  Cambrian  sea,  but 
those  of  the  west  shore  of  Newfoundland  are,  in  physical  character  and 
organic  remains,  the  practical  continuation  of  the  sediments  of  the  east- 
ern side  of  the  Appalachian  Province.  If  this  correlation  be  made,  tho 
pre-Gambrian  shore  line  is  carried  400  miles  farther  to  the  northeast 
and  thence  to  the  Straits  of  Belle  Isle,  giving  a  nearly  direct  line 
of  over  2,000  miles  that  may  be  inclnded  in  the  Appalachian  Province 
with  its  Canadian  extension.  Along  such  a  great  extent  of  coast  line 
oneexpects  to  find  evidences  of  varying  sedimentation,  both  in  character 
and  amount;  and  an  examination  of  the  various  geological  sections  of 
Newfoundland,  the  river  St.  Lawrence,  Vermont,  New  York,  and  south 
along  the  Appalachian  range  to  Alabama,  shows  the  most  marked  vari- 
ation, both  on  the  strike  of  the  strata  and  in  proceeding  westward 
from  the  ancient  shore  line. 

On  the  Labrador  coast  the  rocks  are  sandstones  followed  by  more  or 
less  impure  limestone.  On  the  western  shore  of  Newfoundland,  over 
1,000  feet  of  alternating  limestones,  shales,  and  quartzites  rest  conforma- 
bly upon  600  feet  or  more  of  slates.  For  375  miles  along  the  south  shore 
of  the  St.  Lawrence,  from  Cape  Hosier  of  Oasp6  to  the  vlciuity  of  Que- 
bec, the  strata  referred  to  the  Cambrian  consist,  according  to  Mr.  James 
Richardson,  of  quartzite,  with  intercalated  beds  of  conglomerate  holding 
limestone  pebbles,  the  whole  forming  a  series  600  feet  in  thickness. 
This  is  superjacent  to  700  feet  of  gray  sandstone,  also  carr^  ing  con- 
glomerate, while  beneath  this  a  limestone,  with  conglomerates  and 
bedded  sandstones  towards  the  lower  portion  of  the  section,  extends 
down  some  700  feet  more,  giving  over  2,000  feet  as  the  entire  thickness  of 
the  section.  Owing  to  the  absence  of  piUeontologic  data  there  is  some 
uncertainty  in  referring  all  of  this  series  to  the  Cambrian.  In  some  of 
the  pebbles  in  the  conglomerates  of  the  upper  portion  a  number  of 
species  of  the  Olenellus  fauna  were  found ;  but  no  one  of  the  thre^  great 
divisions  of  the  Cambrian  has  been  distinctly  recognized. 

In  the  vicinity  of  Quebec  the  stratigraphic  succession  from  below  up- 
ward consists  of  a  succession  of  black,  green,  and  gray  shales,  with  hard 
and  heavy  bands  of  green,  sometimes  yellowish  white,  quartzose  sand- 
stones. This  is  succeeded  by  greenish,  grayish,  and  blackish,  with 
occasionally  dark  reddish  or  purplish  tinted  shales,  with  a  band  of  hard 
grayish  sandstone.  Above  the  latter  bright  red  shales,  with  thin  green- 
ish or  grayish  bands,  which  in  places  are  often  calcareous,  extend  up 
through  red,  greenish  gray,  and  black  shales  withinterstratified  masses, 
often  lenticular,  of  greenish  and  grayish  Sillery  sandstone.  In  the  up- 
per part  of  this  last  series  Obolella  pretiosa  occurs.  A  thick uess  of 
from  5,000  to  6,000  feet  is  estimated  for  the  Cambrian  series,  beneath 
the  graptolitic  shales  of  Point  Levis. 

It  will  be  noted  of  this  section  that  the  limestones  of  western  New- 
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foundland  and  the  lower  portion  of  the  south  shore  of  the  St.  Lawrence 
are  absent,  and  that  the  section  is  composed  almost  entirely  of  arena- 
ceous and  argillaceous  sediments.  A  limestone  conglomerate,  near  the 
upper  portion  of  the  Sillery,  contains  bo  wlders  carrying  the  Olenellns 
fauna,  and  the  Upper  Cambrian  fauna  occurs  in  tlie  basal  conglomer- 
ates of  the  Point  Levis,  graptolitic.Lower  Silurian  (Ordovician)  shales. 
These  bowlders  appear  to  have  been  derived  from  a  limestone  scries 
similar  to  that  now  found  in  Labrador  and  Newfoundland. 

The  strata  referred  to  the  Cambrian,  on  the  western  side  of  the  Snt- 
ton  Mountain  anticlinal  or  the  belt  extending  southwesterly  from  Que- 
bec to  the  Vermont  boundary,  consist  of  more  or  less  of  the  Silk*ry 
series,  as  found  in  the  vicinity  of  Quebec ;  and,  according  to  Drs. 
Selwyn  and  Ells,  of  a  subjacent  series  of  hard  quartzite  rocks  interstrat. 
ifled  with  mica  schist  and  black  slate.  The  volcanic  series,  referred  to 
the  Cambrian  in  this  region,  indicates  that  during  earlier  Cambrian 
time  the  volcanic  products  were  deposited  contemporaneously  with  the 
included  sandstones  and  slates,  thus  giving  a  phase  of  sedimentation 
not  known  elsewhere  in  the  Cambrian  of  the  Appalachian  province. 
For  this  reason  and  from  the  fact  that  there  is  not  any  pnle^ntologic 
evidence  of  the  age  of  this  volcanic  series  I  am  inclined  to  think  that 
it  may  belong  to  some  preCambrian  terrane. 

Entering  the  northern  end  of  the  valley,  between  the  Green  Moun- 
tains and  the  Adirondacks,  a  sudden  change  occurs  in  the  sedimenta^ 
lion.  At  the  base,  the  Olenellns  fauna  ranges  through  1,000  feet  of 
magnesian  limestone,  and  for  250  feet  higher  up  in  arenaceo-argilla- 
ceous  shales.  More  or  less  arenaceous  matter  is  associated  with  the 
limestones,  and,  about  2,000  feet  above,  a  great  lenticular  mass  of  lime- 
stone occurs  in  the  argillaceous  shales,  in  which  a  fauna  of  Up|)er  Cam- 
brian aspect  is  found.  At  other  localities  this  fauna  occurs  in  the 
shales  themselves  and  in  a  breociated  limestone  at  the  same  relative 
horizon.  As  far  as  known  the  upper  portion  of  the  Cambrian  is 
formed  of  the  shales.  Proceeding  southward  and  nearer  the  old  coast 
line  in  Addison  County,  Vermont,  the  limestone  series  is  found  to 
graduate  into  the  Granular  Quartzite  or  the  beach  sand.  From  this 
point  this  shore  deposit  is  traced  without  interruption  to  the  Massa 
chusetts  boundary;  and  then,  with  more  or  less  interruption,  to  the 
Hudson  liiver  below  Poughkeepsie,  New  York.  It  is  taken  up  again 
in  New  Jersey,  and  thence  may  be  followed,  with  some  interruption, 
across  Pennsylvania  to  Maryland,  whence  it  extends  as  an  almost 
continuous  formation  across  Virginia  into  Eastern  Tennessee,  and 
thence,  with  some  interruption,  into  Georgia  andAlabama.  On  all  this 
long  line  it  forms  the  basal  member  of  the  Cambrian ;  and  whereverfoa- 
sils  have  been  found  in  it  they  belong  to  the  Olenellns  or  Lower  Cam 
brian  fauna. 

The  offshore,  or  deeper  water  deposits,  are   represented  by*  liner- 
grained  sandstones,  shales,  slates,  and  limestones.    In  southern  Ver- 
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mont  they  form  the  roofing-slate  belt  that  pa^-ses  into  New  York,  where 
the  Bection  comprises  some  12,000  feet  of  shales,  slates,  and  inter- 
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bedded  sandstones,  with  more  or  less  calcareous  matter,  either  as  brec. 
ciated  conglomerate  or  as  thin-bedded,  intercalated  limestones.  These 
extend,  with  some  change  in  their  character  and  regularity  of  exposure, 
to. the  Hudson  Biver  in  Dutchess  County.    Near  Stissingville,  in  this 


312  THE   CAMBRIAN.*  [buluW. 

county,  the  basal  sandstone  rests  ui>on  the  pre-Carobrian  and  contains 
the  Olenellas  fauna.  A  few  remains  of  the  latter  have  also  been  found  in 
the  immediate  superjacent  limestone.  The  Middle  Cambrian  and  Upper 
Cambrian  faunas  occur  in  bedded  limestones  As  the  quartzite  exposed 
on  the  eastern  side  of  the  limestones  of  the  '< Marble  Belt"  represeut^s 
but  a  very  small  portion  of  the  great  series  of  shales,  slates,  etc.,  of 
the  Cambrian  on  the  western  side  of  the  "  Marble  Belt,"  it  is  probable 
that  the  lower  portion  of  the  limestone  is  of  Cambrian  age,  the  saoie 
as  in  Dutchess  County.  Thib  observation  also  applies  to  the  basal 
limestone  in  New  Jersey  and  Pennsylvania,  where  there  is  very  little 
thickness  of  shales  between  the  basal  quartzites  and  the  limestone.* 

In  central  Virginia  the  lower  1,000  feet  of  the  section  is  composed  of 
an  alternation  of  shales  and  sandstones,  while  the  upper  1,400  feet  is 
nearly  all  shales  and  slates,  capped  at  the  top  by  a  rough  siliceous 
limestone. 

In  Tennessee  the  quartzite  is  developed  to  a  great  thickness.  The 
quartzite  is  of  Lower  Cambrian  age,  and  the  Knox  series  of  shales 
are  characterized  in  their  upper  portion  by  the  Upper  Cambrian ^^uiia, 
which  passes  above  into  the  base  of  the  great  limestone  series.  As  far 
as  known,  the  conditions  in  the  sedimentation  of  the  Alabama  and 
Georgia  sections  are  very  much  like  those  of  Tennessee. 

Briefly  summarized,  the  sediments  along  the  southern  portion  of  the 
coast  line  are  sandstones  followed  by  shales  and  limestones.  More  or 
less  variation  occurs,  but,  as  a  whole,  thechange  is  gradual  as  we  follow 
the  coast  line  to  the  north.  In  central  Virginia,  300  miles  to  the  north- 
east, the  argillaceous  deposits  are  more  abundant  in  the  lower  portion, 
and  they  form  the  greater  part  of  the  upper  series  to  the  base  of  the 
limestone. 

From  Virginia  northward  across  Maryland,  Pennsylvania,  and  New 
Jersey,  and  into  New  York,  the  argillaceous  material  accumulated  iu 
relatively  small  proportion  to  the  arenaceous  beneath  and  the  calcare- 
ous above.  How  much  of  the  latter  is  to  be  referred  to  the  Cambrian, 
is  yet  undetermined.  Our  knowledge  of  the  series  in  Pennsylvania 
and  New  Jersey  is  too  limited  to  make  an  accurate  comparison  with 
other  sections. 

In  western  Massachusetts  Jind  Vermont  and  eastern  New  York  there 
are  immediate  coast-line  deposits  and  also  those  of  deeper  water. 
Along  the  coast  line  there  was  a  great  accumulation  of  sand,  followed 
by  some  argillaceous  and  then  calcareous  mud.  Farther  to  the  west 
the  argillaceous  material  predominates  and  tbe  arenaceous  and  cal- 
careous forms  but  a  slight  proportion  of  the  great  thickness  of  sedi- 
ment. To  the  nortli  these  conditions  remain  until,  in  northern  Ver- 
mont, the  calcareous  matter  predominates  in  the  lower  portion  of  the 

'The  annoancenient  waa  made  at  tlib  December  meeting  of  tbe  Geological  Society  of  America  at 
Waahiugtou  that  tbe  Oleuollua  fanna  had  been  fonnd  in  the  quartzite  in  New  Jersey,  and  Cambrian 
fooaila  in  the  limestones  above  the  qaartxit«  in  New  Jersey  and  at  Katland,  Vermont. 
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section,  and  the  apper  portion  is  almost  entirely  argillaceons.  In  the 
vicinity  of  Qaebec,  sandstones  and  shales  make  np  the  section,  and 
along  the  Lower  St  Lawrence,  shales,  sandstones,  and  limestones. 

As  a  whole,  the  Appalachian  Province  is  one  of  varied  sedimentation, 
and,  from  the  character  of  the  sediments  and  determined  fossils  now 
fonnd  in  them,  they  were  largely  accumnlated  along  a  gradually  sinking 
coast  line.  The  northern  and  western  shore  line  exhibits  only  the  con- 
tact of  the  sandstones  of  the  Upper  Cambrian  that  overlap  upon  the 
pre-Oambrian  rocks.  Erosion  has  removed  them  to  a  large  extent,  and 
south' of  the  Adirondacks  the  western  coast  Ikie  is  unknown.    (Fig.  2.) 

BOOKT  MOUNTAIN  PEOVINOB. 

For  the  purpose  of  description  the  area  of  Cambrian  rocks  in  the 
Kocky  Mountain  Province  includes  the  Cambrian  outcrops  of  northern 
and  western  Utah,  Nevada,  eastern  Idaho,  the  Gallatin  Biver  district 
of  Montana,  and  the  Canadian  extension. 

UTAH  AND  NEVADA. 

The  Cambrian  rocks  of  Utah  and  Nevada  are  considered  together, 
owing  to  their  having  a  common  base  in  the  presence  of  the  Olenellus 
zone,  the  strata  of  which  rests  conformably  upon  a  great  series  of  sili- 
ceous and  arenaceous  shales  and  sandstones,  and  massive  quartzites. 
In  Nevada  the  sectioji  is  much  more  complete  and  reaches  a  far  greater 
development  both  in  amount  of  sedimentation  and  the  presence  of 
organic  remains.  The  section  studied  by  Messrs.  Hague  and  Walcott 
in  the  Eureka  district  may  be  considered  typical  of  the  Cambrian  rocks 
of  central  Nevada.  It  embraces  five  formations,  all  of  which  are 
described  by  Mr.  Arnold  Hague  in  the  abstract  of  his  report  on  the 
Geology  of  the  Eureka  district.^ 

The  Prospect  Mountain  quartzite  that  lies  at  the  base  of  the  series 
has  a  thickness  of  1,500  feet  on  Prospect  Peak.  It  is  distinctly  bedded 
and  comformably  subjacent  to  a  baud  of  arenaceous  shale,  in  which  the 
Olenellus  fauna  occurs.  It  is  referred  to  the  Cambrian  by  Mr.  Hagne, 
and  I  am  now  of  the  opinion  that  this  should  be  done,  although  I  have 
held  the  view  that  the  Olenellus  zone  should  be  considered  the  base  of 
the  Cambrian,  and  the  Prospect  Mountain  quartzite  I  tentatively  re- 
ferred to  an  Algonkian  formation.  The  subjacent  band  of  arenaceous 
shale  is  mentioned  by  Mr.  Hague  in  his  report  of  1881,'  but  not  in  the 
more  complete  description  of  1882.  In  the  review  of  the  Eureka  section 
by  Mr.  0.  D.  Walcott  in  1886  this  formation  is  spoken  of  as  follows : 

At  the  Bummit  of  1  the  qaartsite  becomes  more  thinly  bedded  and  passes  into  an 
arenaceous  shale  which  is  more  or  less  calcareous  and,  in  its  extension  north wiird,  is 
replaced  b^  limestone.  This  belt  of  shale  and  limestone  is  from  100  to  200  feet  in 
thickness  and  carries  nameroas  fragments  of  fossils,  among  which  we  have  determined 

>  U.  &  OeoL  Sonr.,  ?d  Minaal  report,  1881-'82, 1883,  pp.  264~2S0. 

*B«port  (on  work  in  Kiir«kn  District).    U.  S.  Geo!.  Sott.,  2d  Ann.  Sep.,  1880-'81,  p.  SO,  1B82, 
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six  species,  Tiz,  Kuiorgina  prospectensiSf  SceneU^  conuJa,  Olenoldts  quadricept,  Olenellna 
gilberHf  O.  iddingH,  Anomooare  parvum,  and  Ptychoparia  sp.f^ 

The  seooud  formation  is  the  Prospect  Moantain  limestone.  This  is  a 
massive  limestone  crystalliDe  and  granular  in  texture. 

Interstratified  in  the  Iimestooe  are  irregalar  beds  of  shale,  lenticular  or  wedge- 
shaped  bodies,  varying  greatly  in  width.  Indeed  they  form  a  characteristic  feature 
in  the  limestone,  which  passes  readily  from  massive  to  shaly  beds.  Two  of  the  shale 
bands  are  quite  prominent  to  the  north,  but  are  lost  to  the  southward.  The  thick- 
ness of  the  beds  may  be  taken  at  3,05t)  feet.* 

Formation  No.  1,  the  arenaceoos  shale,  between  the  qnartzite  and  the 
limestone  on  Prospect  Peak,  is  mope  or  less  a  local  formation,  but  it  is 
apparently  the  zone  of  Olenellus,  and  the  limestones  above  are  not 
^known  to  be  characterized  either  by  Olenellus  or  the  typical  forms  of 
that  fauna.  Five  hundred  feet  above  the  base  of  the  Prospect  Moun- 
tain limestone  there  occurs  in  a  band  of  shale  Scenelld  conula^  Agnostus 
interstrictus  f  Olenoides  quadriceps^  Ptychoparia  prospectensis.  All  but 
the  last  are  closely  related  to  species  from  the  upper  beds  of  the  Geor- 
gia horizon,  in  either  Vermont  or  Canada.  One  other  species,  Sfai- 
otheca  elongataj  which  is  found  associated  with  Olenellus  thampsoni^ 
Protypua  senectusy  etc.,  at  L'Anse  an  Loup,  is  found  2,000  feet  higher  up 
in  the  limestone.  Another  species,  Olenoides  spinostiSj  is  found  in  asso- 
ciation with  species  characteristic  of  a  lower  horizon  than  the  typical 
Potsdam  of  Eureka,  at  Pioche,  Nevada.^  ^ 

Within  a  short  distance  of  the  summit  of  this  limestone  the  fauna 
has  the  general  facies  of  that  of  the  upper  Cambrian  or  Potsdam  hori- 
zon ;  still  as  a  whole  it  occupies  the  position  of  the  middle  Cambrian 
fauna  as  the  faunas  are  now  classified.    That  it  sustains  this  view  was 

» 

pointed  out  by  Dr.  W.  C,  Brogger,  in  his  admirable  paper  on  the  "Age 
of  the  Olenellus  zone  in  North  America."  ^  He  compares  the  fauna  of 
the  Prospect  Mountain  limestone  with  that  of  the  Paradoxides  zone  of 
Europe  and  concludes  that  with  the  exception  of  the  lowest  part  of  the 
Olenellus  zone  it  must  correspond  most  nearly  to  the  middle  aud  upper 
part  of  the  Paradoxides  deposits  of  Scandinavia.  His  conclusions  are 
based  almost  entirely  upon  the  presence  of  the  various  species  of  the 
genus  Agnostus.  From  the  results  of  my  studies  since  1886, 1  am  pre- 
pared to  accept  this  view  of  Dr  Brogger's  and  to  consider  the  Pros- 
pect Mountain  limestone  as  representing  the  Middle  Cambrian  or  Para- 
doxides zone  of  the  Atlantic  Coast  Province.  A  list  of  species  pub- 
lished in  1886  is  as  follows:  ^ 

■* 

'  Second  contribtitioii  to  tho  studies  of  the  Cambrian  faanos  of  N(frth  America.  IT.  S.  Geol.  Survey, 
finll.  No.  80.  1886,  pp.  30,  32. 

'Hague,  Arnold.  Abstract  of  Report  on  Geology  of  the  Eureka  District,  Nevada.  U.  S.  Geol. 
Snrv.,  3d  annual  report,  1881-*82,  1883,  p.  255. 

'Second  Contribution  to  the  studies  of  the  Cambrian  faunas  of  North  America.  IT.  S.  Geol.  Survey, 
BnIL  No.  30. 1886,  p.  32. 

*0m  alderen  af  Olenellus  znnen  i  Nordamerica.  (On  the  age  of  the  OleDellus  Kone  in  North 
America.)    Aftryk  ur  Geol.  Foren.  i  Stockh.  Fcfrhan,  No.  101,  Bd.  8,  1886,  pp.  182-213. 

•U.  a  GeoL  Surv.,  BolL  No.  30,  p.  82. 
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Obolella  (like  O.  pretiosa).  Protypns  seneotns. 
Lingula  manticnla.  expansus. 

Kutorgina  whitfieldi.  DicolloGophalas  T  naaatas. 

Orthis  earekensis.  Ptychoparia  oweni. 
Stenotbeca  elongata.  hagdei. 

Agnostus  coininaniB.  occidentalis. 

bidens.  dissimilis. 

neon.  Olenoides  spioosiiB. 

ricbmondensis. 

Of  the  sacceeding  formation,  or  the  Secret  Ganon  shale,  Mr.  Hague 
Bays: 

The  Pioitpect  Moantain  limestone  passes,  by  gradaal  transition,  from  sbaly  lime- 
stone into  brown  and  yellow  argillaoeous  shales.  *  *  *  In  their  broadest  de- 
velopment they  measure  1,600  feet,  although  in  places  where  they  are  encroached 
upon  by  the  Hambnrg  limestone  they  occur  considerably  thinner.* 

Only  a  few  scattering  fossils  are  foand  in  the  lower  portion  of  the 
Secret  Canon  shale,  bnt  near  the  summit  of  the  fauna  is  large  and  charac- 
teristic.    It  includes,  according  to  Mr.  C.  D.  Walcott,  the  following : ' 

Protospongia  fenestrata.  Dicellocephalus  richmondensls. 

Lingulepis  maera.  Ptychoparia  pernasuta. 

minnta.  laticeps. 

Lingula  T  manticnla.  bella. 

Iphidea  depressa.  linnarssoni. 

Acrotreta  gemma.  oweni. 

Kutorgina  miuutissima.  haguei. 

Hyolithes  primordialis.  siiuilis. 

Agnostus  communis.  unisulcata. 

bidens.  lieviceps. 

neon.  Chariocephalus  tamifirons. 

seclnsns.  Ogygiaf  problematica. 
Dicellocephalus?  nasntus. 

Of  the  species  in  this  list  I>ikelocephalu8  f  naautus^  and  D.  ^Hchmon- 
densis  do  not  belong  to  the  genus  Dikelocephalns  and  the  form  referred 
to  Ogygia  1  problematica  represents  an  undefined  genus.  As  a  whole,  aa 
suggested  by  Dr.  -Brogger,  this  horizon  may  possibly  be  referred  to  tbe 
Paradoxides  zone. 

Number  4  of  the  section,  or  the  Hamburg  limestone,  is  a  dark  gray 
and  grnnular  limestone;  surface,  weathering  rough  and  ragged;  only 
slight  traces  of  bedding.  Very  few  traces  of  fossils  were  found  in  the 
entire  1,200  feet  of  rocks  referred  to  this  formation. 

No.  5,  or  the  Hamburg  shale,  resembles  the  Secret  GafLon  shale  except 
that  it  is  by  no  means  as  uniform  in  composition,  showing  very  rapid 
changes  in  conditions  of  deposition  and  becoming  more  or  less  arena- 
ceous and  calcareous  throughout  its  development  as  well  as  in  its  lateral 
extension.    Throughout  its  entire  thickness  of  350  feet  fossils  are  more 

■Abstrmot  of  Report  on  Geology  of  the  Bureka  District,  Nevada.    U.  S.  GeoL  Sanr.,  8d  Annna^ 
Report,  1881-1662, 1883,  p.  256. 
•Ibid.,  p.  82. 
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or  less  abundant,  but  especially  so  near  the  snmmit  where  there  were 
obtained  the  following : 


Lingulepis  miera. 

minata. 
Lingalaf  manticola. 
Obolella  discoidea. 
Acrotreta  gflmma. 
Kotorgina  minntiasima. 
Agnosias  oommnuis. 

bidens. 

neon. 

prolongns. 

tumidosns. 
^    taraifrons. 
Dicellocephalns  f  naantns. 


Dioellooephalas  angnstifroiia. 

marioa. 

bilobas. 

OBoeola. 
Ptychoparia  affinis. 

oweni. 

hagnei. 

granulosa. 

simnlator. 

nnisnlcata. 

breyiceps. 
Aretbusina  americana. 
Ptychaspis  winata. 


<^  Three  of  these  species,  Ryolithes  primordiaUSj  Dikelocephalus  osceola 
and  Ptychaspis  minutay  are  identical  with  forms  from  the  Potsdam  sand- 
stone of  Wisconsin."  ^  As  a  whole  the  fauna  is  of  the  general  facies  of 
that  of  the  Potsdam  zone  of  New  York  and  the  Mississippi  Valley. 
This  is  found  in  the  Hamburg  shale,  but  in  the  overlying  Pogonip  lime- 
stone there  is  an  assemblage  of  species  that  combine  both  Cambrian 
and  Lower  Silurian  (Ordoviclan)  types.  A  short  distance  above,  the 
fauna  is  comparable  to  that  of  the  Oalciferous  and  Chazy  groups  of  the 
New  York  section. 

The  transition  fh)ai  tbe  Cambrian  to  the  Silurian  [Ordovician]  fauna  is  very  grad- 
ual, and  such  as  would  occur  where  there  was  no  marked  physical  disturbance  to  in- 
fluence the  fauiial  change  resulting  from  the  natural  dying  out  and  development  of 
species  or  the  influx  of  new  species  from  other  areas. 

Of  the  species  occurring  below  the  passage  beds  three  are  identical  with  species  oc- 
curring in  the  Potsdam  sandstone  of  Wisconsin,  viz :  ITyoHihes  prifnordialia,  Dioelloce- 
phalns  oaceoUit  and  Ftyohaepis  minuta  ;  one,  with  Acrotreta  gemma  of  the  Oalciferous 
formation  of  Newfouudland ;  and  Ptyohoparia  oweni  is  a  common  species  of  the  Pota- 
dam  horizon  in  Montana  and  Dakota.  These  speciflc  identifications  and  the  great 
development  of  species  of  the  genera  Aguo8t us,  Dicellocephalus,  and  Ptychoparia  in 
tbe  middle  and  upper  portion  of  the  Cambrian  section,  furnish  abundant  evidence 
upon  which  to  correlate  the  fauna  and  the  geologic  horizon  at  which  it  occurs  with 
the  Potsdam  fauna  and  formation,  as  was  done  by  Messrs.  Hall  and  Whitfield  (Geol. 
Expl.  Fortieth  Par.,  vol.  4,  18r7,  p.  199).  Of  the  Potsdam  fauna  eleven  genera  and 
fifteen  species  contiuue  on  into  the  passage  fsiuna,  viz  :  (species  oTthe  Potsdam  fauna 
are  printed  in  italics);  TAngulepis  mcera,  L.minntaj  Lingular  mantirula^  Discina  (sp. 
undt.),  Acrotreta  gemma,  Scbizambon  typicalis,  Obolella  ambigna,  O.  discoidea ,  Lep- 
tasiia  melita,  Orthis  hamburgeusis,  O.  teutudinaria,  Triplesia  calcifera,  Telliiioni3''a? 
hamburgeusis,  Agnoatue  oommuniSj  A,  bidens,  A,  neon,  Dicellocephalns  finalis,  D.  in- 
expectans,  Ptychoparia  f  annectaus,  Ptychoparia  affinis,  P,  granulosus,  P.  haguei,  P. 
owevi,  P.  unisulcatus,  Arethusina  amencana,  Amphion  (sp.  uudt.)  Barrandia  maccoyi, 
Illteuurnseurekensis,  Asaphus  cariboucnsis. 

lu  the  next  superior  grouping,  about  midway  of  the  Pogonip  group,  all  the  middle 
Cambrian  genera,  with  the  exception  of  Orthis  and  Ilisenurus,  have  disappeared,  and 
higher  up  the  genera  Keceptaculites,  Chtetetes,  Pleurotomaria,  Maclurea,  Cypbasis, 
BathynruH,  and  Asaphus  carry  the  fauna  up  to  the  summit  of  the  formation  where  the 
genera  Reccptaciilites,  Ptilodictya,    Cha'tetes,  Strophomena,    Orthis,  Tellinomya, 

-  ■        • * 

^0p.cit.,p.  33. 
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Modiolopsis,  Maclarea,  Cry  toll  t^,  Orihoceras,  Eadoceras,  Culeoprion,  Leperditia, 
Beyrichia,  Ampliion,  CeraiirnSy  and  Asapbus  give  it  a  facies  approaching  that  of  the 
Liower  Trenton  and  indicating  a  horizon  that  is  conaiderod  to  lie  in  a  roeasare  the 
equivalent  of  that  of  the  Ghazy  formation  of  New  York  and  Canada.  The  fauna  of 
tbe  lower  portion  of  the  Pogonip  group  corresponds  in  the  same  manner  to  that  of 
the  CalciferouB  sand-rock  of  the  same  region.  The  large  number  of  individnals  of 
the  sitecies  of  Receptacnlites,  Rj.  mammillariB  especially,  gives  the  fauna  of  the  upper 
beds  a  character  that  this  horizon  has  not  hitherto  had.  This,  nnited  with  several  of 
the  Trenton  species,  viz,  Orihis  tesludinaria,  0.  tricenaria,  0,  perveta,  Tellinomya  con- 
traeiCf  two  species  of  Modiolopsis  allied  to  Trenton  forms,  and  Eaphistoma  nasoniy 
strongly  foreshadows  the  opening  of  the  Trenton  period.^ 

The  section  of  the  Highland  Range,  125  miles  south  of  the  Eureka 
section,  gives  a  greater  variation  of  sedimentation  in  the  lower  portion 
and  less  in  the  upper  as  compared  with  the  Eureka  section.  The  High- 
land Range  has  a  more  abundant  and  more  varied  fauna  in  the  lower 
1,500  feet  above  the  quartzite,  while  in  the  Eureka  section  the  upper 
or  Potsdam  fauna  is  much  larger  than  in  the  Highland  section.  In  each 
instance  a  massive  limestone  has  replaced  a  succession  of  limestones 
and  shales.  The  Highland  Range  section  measuring  from  the  base  is  as 
follows:* 

Feet 

(1)  Dark  reddish  brown  quartzite,  evenly  bedded,  and  ripple-marked  in  some 

places • 350 

(2)  Blnish  gray  limestone 35 

Fossils:  Olenellus  gilberii, 

(3)  Boff  argillaceous  and  arenaceous  shales,  more  or  less  solid  near  the  base 

and  laminated  in  the  upper  portions 80 

Fossils :  Annelid  trails  and  fragments  of  Olenellus  in  the  lower  part.    * 
Higher  up  the  heads  of  Olenellus  gilherti  and  0.  iddingH  occur  in 
abnndance. 

(4)  Light-colored  gray  limestone  and  bluish  black  limestone 16 

(5)  Sandy,  buff-colored  shale L 40 

Fossils:  Annelid  trails,  Cruzianasp.  f 

(6)  Dark  blnish  black  limestone 46 

(7)  Finely  laminated  buff  argillaceous  shale tiO 

Fossils :  Hyolithei  hilHngei  and  Ptychoparia  piochenaie, 

(8)  Gray  to  bluish  black  compact  limestone 18 

(9)  Buff  arenaceous  shales 64 

(10)  Compact  cherty  limestone 50 

(11)  Compact  shaly  sandstone  in  massive  layers 1 40 

( 12)  Hard  siliceous  gray  limestone,  almost  quartz  at  base 12 

(13)  Yellow  to  buff,  sandy  shale 70 

(14)  Bluish  black  limestone 16 

(15)  Yellow  to  buff  sandy  shales 40 

(16)  Bluish  black,  hard,  compact  limestone 12 

Fragments  of  fossils. 

(17)  Shaly  sandstone  in  massive  layers..... b2 

(18)  Gray  arenaceous  limestone 2 

>  Walcott,C.  D. :  Paleontology  of  tho  Enreka  DiHtrict.  IT.  8.  Geol.Surv.,  Monograph,  toI.  8,  1884 
pp.  3, 4. 

*  Waloott,  C.  D. :  Second  contribation  to  the  studies  of  the  Cambrian  faanas  of  North  America.  U 
8.  OcuL  Sarr.,  BnU.  Ko.  80, 1886,  pp.  83,  84. 


318  THE   CAMBRIAN.  fBi7LL.n. 


(19)  (a)  Baff,  sandy  shale - 40 

{b)  Gray  arenaceoas  limestone 30 

(c)  Sandy,  caloareoas  shale 3 

73 

(20)  (a)  Massive-hedded,  blaish  gray  limestone 20O 

Fragments  of  fossils. 
(()  Compaot  gray  siliceous  limestone,  almost  qnartzite  in  some  places  400 
(o)  Blaish  black,  evenly  bedded  limestone •... 6 

Strike  N.  30°  W.,  dip.  10°  E. 

(21)  Buff  to  pinkish  argillaceous  shale,  with  fossils,  and  a  few  interbedded  lay- 

ers of  limestone  from  3  to  15  inches  thick 125 

Fossils :  Eocyatites  f f  longidactyluSy  LitiguUlla  ellUf  Kutorgina  pannula, 
Hyolxthes  HllingHf  Ptychoparia  pioohensis,  Olenoides  typicalis 
Baihyuri8<m»  how*!llit  and  B.  producta, 

(22)  Massive-bedded,  siliceous  limestone;  weathering  rough  and  broken  into 

great  belts,  200  to  300  feet  thick,  by  bands  of  color  in  light-gray, 
dark-lead  to  bluish  black ;  .on  some  of  the  cliff  faces  the  weathered 
surface  is  reddish 1,570 

(23)  Bluish  black  limestone  in  massive  strata,  that  break  up  into  shaly  layers 

on  exposure  to  the  weather.  The  latter  feature  is  less  distinct  850 
feet  up,  and  the  limestone  becomes  more  siliceous,  with  occasional 

shaly  beds 1,430 

Fossils ;  near  the  summit  specimens  were  found  that  are  referred  to 
Ptychoparia  minor. 

Quite  a  fauna  occurs  in  23,  as  found  one  mile  farther  south  an  the  line  of  the  aeo- 
tion. 

Summary  of  eeetum. 

Feet 

1.  Quartzite 350 

2.  Limestone  and  shales  (argillaceous  and  arenaceous) 1,450 

3.  Massive iimestones • 3,000 

Total 4.800 

As  in  the  Eureka  section,  the  species  of  Olenellas  have  a  very  nar- 
row range  near  the  base  of  the  limestone  series  above  the  qaartzite. 

The  fauna  found  in  Ko.  21  of  the  section  materially  strengthens  the 
correlation  of  the  fauna  of  the  Prospect  Mountain  limestone  and  the 
Secret  Canon  shale  with  that  of  the  Paradoxides  zone  of  the  Atlantic 
Basin. 

The  fauna  of  the  great  limestone  belt  above  23  of  the  section  is  rep- 
resented by  only  a  few  specimens  on  the  line  of  the  section.  A  mile 
south,  however,  on  the  strike  of  the  strata  a  strongly  marked  Upper 
Cambrian  (Potsdam)  fauna  occurs.  The  species  identified  are  as  fol- 
lows : 

Bellerophon  antiquatus.  Dicellocephalus  sp.f 

Pleurotouiaria,  3  nndt.  sp.  Ptychoparia  (Eulomaf)  dissimilia 

Hyolithes,  3  u.  sp.  P.  sp.f 

Dicellocephalus  pepinensis.  Arethusina  amerioana. 

D.  (type  of  D.  minnesotensis).  lUasnurus  sp.f 

Of  thisfauua  two  species  are  identical  with  those  from  the  higher  Potsdam  fauna 
at  Enroka,  viz :  Ptychoparia  (  E.I)  dissimilia  and  Arethusina  amerioana  ;  and  BeUerophon 
antiquatus.  SLud  Dicellocephalus  pepinensis  occur  in  the  upper  Potsdam  of  Wisconsin 
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The  preseuce  of  the  Fleurotomaria-like  shells  and  the  species  just  mentioDed  corre- 
]ate»  the  fnana  with  that  of  the  upper  horizon  of  the  Potsdam  faunas  of  Wisconsin 
and  NevAda.* 

We  have  no  details  of  the  section  of  Silver  Peak,  Nevada,  to  which 
atteqtiop  was  called  by  Prof.  J.  D.  Whitney.  The  fossils  are  from  a 
limestone  and  silico-argillaceous  shale  and  identical  with  species  found 
elsewhere.  The  most  noteworthy  occurrence  is  that  of  Arch(eocyathu8  = 
Spirocyaihus  atlanticus  and  a  large  brachiopod  like  Kutorgina  dngulata^ 
both  of  which  occur  on  the  Labrador  coast  over  3,000  miles  to  the  north- 
east on  the  opposite  side  of  the  continent.  The  abundant  and  pecul- 
iar type  of  sponge  Archccocyathus  profundus  of  the  L'Anse  au  Loup 
locality  is  represented  by  the  nearly  identical  species  Ethmophyllum 
tchitneyi  of  Silver  Peak,  and  the  tribolite  Olenellus  giWerti  is  scarcely 
distinguishable  from  0.  thompsoni,  as  it  occurs  in  L'Anse  au  Loup. 
The  species  now  known  from  Silver  Peak'are :  * 

Spirocyathus  atlanticus.  Kutorgina  (like  K.  cingulata). 

AichffiocyathuB  undt.  sp.  Hyolithes  princeps. 

EthmophyUnm  whitneyi.  Olenellus^ilberti. 

Strephochetus  f  sp.  f  • 

The  Cambrian  rocks  of  Utah,  as  determined  by  the  presence  of  the 
Cambrian  fauna,  form  a  narrow  horizon  in  the  vast  series  of  sedi- 
ments of  which  they  are  a  conformable  portion.  Messrs.  Emmons  and 
King  refer  the  12,000  feet  of  siliceous  slates  and  quartzites  of  the  Big 
Cottonwood  section  to  the  Cambrian.  If  we  provisionally  drew  the 
basal  line  of  the  Cambrian  at  the  base  of  the  strata  known  to  contain 
the  Olenellus  fauna,  all  but  260  feet  of  this  section  would  be  referred  to 
the  Algonkian,  but  from  the  known  range  of  Olenellus  in  the  strati- 
graphically  equivalent  series  to  the  north  in  British  Columbia,  the  view 
is  no  longer  tenable.  The  upper  portion  of  the  section  consists  of  250 
feet  of  hard  silico-argillaceous  shale,  a  little  sandy  in  places.  At  the 
base  a  species  of  Cruziana  was  found,  associated  with  Olenellus  gilbertij 
and  100  feet  higher  in  the  section  a  band  of  shale  afforded  lAngulella  ella^ 
Kutorgina  pannula^  Hyolithes  billingsi,  Leper ditia  argenta^  Ptychoparia 
qnadrans^  and  Bathyuriscus  producta.  This  list  was  published  in  1886, 
along  with  Cruziana  and  Olenellus  gilbertij  as  characterizing  the  shales 
at  the  summit  of  the  great  series  of  quartzites  and  slates.  As  in  the 
Eureka  and  Highland  Eange  sections,  the  Olenellus  zone  is  confined  to 
a  very  narrow  belt  just  above  the  quartzite.  The  silico-argillaceous 
shales  above  occupy  the  position  of  the  4,650  feet  of  Prospect  Mountain 
limestone  and  Secret  Canon  shale  of  the  Eureka  section.  The  Ham- 
burg limestone  and  Hamburg  shale  of  the  latter  are  absent  in  the 
Big  Cottonwood  section,  causing  an  unconformity  by  nondeposition.' 
The  section  in  the  Oquirrh  llauge  above  Ophir  City  has  a  quartzite  at 
the  base  with  shales  above  it  carrying  Lingiilella  ella,  Olenellus  gilbertij 
and  Bathyuriscus  producta,  as  determined  by  the  collections  brought  in 

>  Op.  clt,  pp.  85,  88.  >0p.  cit.,  p.  38.  *0p.  cit.,  p.  39. 
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by  the  Wheeler  survey.  It  is  probable,  however,  that  as  in  the  case  of 
the  Big  Cottonwood  section,  Olenelliis  gilberti  occars  at  the  base  o£  the 
shale,  and  the  other  two  species  at  a  higher  horizon.  At  Antelope 
Spring,  in  western  Utah,  there  is  a  considerable  development  of  the 
Middle  Canibriau  zone  corresponding  to  No.  21  of  the  Highland  Range 
section  and  a  portion  of  the  Prospect  Mountain  limestone  of  the  Eareka 
section.  The  section  at  this  locality  as  measured  by  Mr.  6.  K.  Gilbert 
is  as  follows  :^ 

Feet. 

1.  Gray,  massive' limestone 200 

2.  Bine  gray,  caloareons  shale ;  fossils  (as  corrected  by  C.  D. 

W.);  Acrothele  aubMuaj  Agnostus  interstrietuSt  Olenaides 
nevadtnsis,  Plychoparia  kingi^  P,  houseunSt  and  Asaphiscua 
wheeleri 200 

3.  Gray  limestoue,  light  aud  dark,  chiefly  massive 900 

4.  y itreoas  sandstone,  umber-brown  on  weathered  face ;  base 

not  seen « 1,000 


• 


Total 2,300 

No.  4  of  this  section  corresponds  to  the  basal  quartzite  of  the  Eareka 
and  Highland  Range  section,  and  No.  3  with  the  Prospect  Mountain 
limestone.  No.  2  may  correspond  to  the  upi>er  portion  of  the  Jatter 
limestone  or  to  the  lower  portion  of  the  Secret  Canon  shale  of  the 
Eureka  district;.  There  is  not  enough  known  of  the  Antelope  Spring 
section  to  enable  us  to  make  any  closer  correlation. 

A  comparison  of  the  sections  of  Utah  with  those  of  Nevada  shows 
that  in  the  former  the  earlier  conditions  of  sedimentation  were  appa- 
rently  the  same  from  the  base  of  the  Wasatch  Mountains  westward 
into  central  Nevada.  But  during  the  deposition  of  the  Middle  and 
Upper  Cambrian  rocks  the  immediate  vicinity  of  the  Wasatch  was  an 
area  of  minimum  deposition,  while  that  of  central  Nevada  was  one  of 
maximum  deposition  of  sediments.  What  the  conditions  were  during 
the  deposition  of  late  Middle  and  Upper  Cambrian  time  in  the  Wasatch 
area  are  unknown.  The  appearance  of  the  rocks  indicate  a  shallow 
sea  with  very  little  deposition  of  sediment. 

IDAHO. 

What  is  known  of  the  Cambrian  rocks  of  Idaho  is  obtained  from  the 
'writings  of  Messrs.  Bradley  and  Peale.  The  report  of  the  former  is 
more  that  of  an  explorer  who,  passing  over  the  ground,  made  such  geo- 
logic notes  as  time  permitted.  In  the  vicinity  of  Malade  City,  in  south- 
eastern Idaho,  he  discovered  in  a  limestone  resting  on  a  quartzite, 
fifteen  species  of  trilobites  of  the  genera  Couocoryphe,  Buthyurus,  Di- 
kelocephalus,  Agnostus,  etc.,  five  brachiopods,  two  gasteropods,  and 
one  pteropod.    He  referred  this  fauna  to  the  Quebec  group,  and  the 

>  Report  on  the  geology  of  portions  of  Xe^ada,  Utab,  Calirornia,  and  Arizona  examined  in  the  yean 
1871  and  1872.  Beport  on  Geog.  and  Geol.  Bxpl.  and  Survey  west  of  the  lOOth  merld.,  in  charge  of 
Lieat.  Greo.  M.  Wheeler,  toL  8,  Geology,  1875,  p.  167. 
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qnartzitic  sandstone  beneath  is  spoken  of  as  occupying  the  relative 
position  of  the  Potsdam,  although  he  subsequently  refers  to  it  as  a 
part  of  the  true  Quebec.^  Mr.  F.  B.  Meek  agreed  with  Prof,  Bradley 
that  the  tanna  belonged  to  the  Quebec  horizon;  and  he^  described 
Bathyurellm  (Asaphisctis)  hradleyi  and  AaaphiLS  (Megalaspia  f)  goniocer- 
CH9.  The  latter  species  probably  conies  from  the  upper  portion  of  the 
limestone  referred  to  the  Quebec  group  by  Prof.  Bradley. 

From  the  data  obtained  by  Dr.  A.  G.  Peale  of  the  Gallatin  Biver  Cam- 
brian, and  our  more  accurjite  knowledge  of  the  fauna  of  the  Quebec 
lirronp,  the  faunas  occurring  in  the  lower  portion  of  the  limestone  at 
Malade  City  are  referred  to  the  Upper  Oambrian,  and  those  from  the 
upper  portion  of  the  limestone  to  a  portion  of  the  Lower  Silurian  (Or- 
dovician).  In  this  connection  reference  should  be  made  by  the  reader 
to  Prof.  Orestes  St  John's  work  upon  the  same  beds  in  Wyoming. 

Near  the  south  end  of  Portneuf 'Range,  north  of  Malade  City,  Dr.  A. 
O.  Peale  measured  the  following  section  :^ 

Top. 


\ 


1.  Bine  limestone • 

2.  Laininated  blue  liraeetonea,  with  Conocoryphe,  DikellocepbalaSy 

Obololta,  and  two  Hpecies  of  Batbyurns 

3.  Bliiisb  gray  liioeAtones 

4.  Laminated  limestones,  with  b&nds  of  greenish  shales  in  the  upper  ^ 

portion.  The  limestones  are  separated  by  shaly  layers.  The 
limestones  are  fossiliferons  at  the  base,  containing  quantities 
of  a  trilobite  like  Conoooryphe.  The  limestone  resembles  an 
oolite,  but  the  structure  is  probably  due  to  the  preseuce  of 
some  pecnliar  organic  remains.  Fragments  of  Discina  were 
seen 

5.  Rather  massive  limestones 

6.  Laminated  bine  limestones,  in  bands  of  from  1  to  2  inches  thick 

uess,  the  surfaces  of  which  are  yellow-stained. 

7.  Rather  massive  limestones 

8.  Qreen  shales  or  slates,  15  feet 

9.  Bluish  gray  limestone 

10.  Blnish  limestones,  with  bands  of  shales 

11.  Massive  blue  limestones.    The  dip  here  appears  to  be  about  40^. .. 

12.  Laminated  limestones  with  interlamiuated  gret;n  shales 

13.  Greenish  sandstones  and  shales,  passing  below  into  silvery  gray 

slates - 

14.  Slates  and  shales  with  a  band  of  limestoue  about  the  middle 

15.  Bine  limestones  with  irregular  structure.    The   strike   is  about 

sonth  5^  east,  and  beyond  the  station  it  appears  to  curve  to  the 
Boath;  dipi8  60<^ 

16.  Rnsty  yellow  qnartzite 

17.  Gray  and  yellowish  quartzites 

18.  Greenish  gray  slates 

19.  Rnsty  yellqw  qnartzite,  somewhat  conglomeritic  and  containing  a 

considerable  percentage  ot  iron 

20.  Rusty  quartzites,  about 

21.  White  quartzites • } 

22.  Pink  and  ^hite  quartzites > 

23.  Red  slates,  thickness  not  taken 


Feet 
130 

315 


120 


118 

155 

100 

70 

210 
185 


70 
150 
450 

180 

130 
600 

500  to  600 


Total , 3,483to3,583 


'  Beport  of  Fnmk^H.  Bradley,  geologist  of  the  Snake  River  diviBion.  U.  S.  Geol.  Surv.  of  the  Terr., 
6th  Ann.  Bep.,  1873,  p.  201. 

*  Preliminary  paleontological  report ;  with  remarks  on  the  ages  of  the  rocks,  etc.  IT.  S.  GeoL  Sarv. 
of  tbe  Terr.,  embracing  portions  of  Montana,  Idalio,  Wyoming,  and  Utah,  Oth  Ann.  Rep.,  Ibid.  1873,  pp. 
48IMS&. 

*  Report  on  the  geology  of  the  Green  River  District.  IT.  S.  GeoL  Snrr.  of  the  Terr.,  11th  Aim.  Bep., 
1979,  p.  Mta 
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Below  this  last  layer  there  are  probably  the  limestones  of  the  Bed 
Bock  Pass. 

This  section  is  one  of  considerable  interest,  from  the  fact  of  Its  hav- 
ing the  Upper  Cambrian  fauna  in  the  upper  portion  and  an  alternating 
series  of  limestones,  shales,  and  quartzites  below,  which,  from  a  com- 
parison with  the  sections  of  western  Utah  and  central  l^evada,  occujiy 
the  stratigraphic  position  of  the  Middle  Cambrian.  In  their  downward 
continuation,  they  may  also  include  the  Lower  Cambrian  zone.  This 
is  a  question  which  is  to  be  settled  by  future  investigation. 

In  the  adjoining  Bannock  range  to  the  west,  Dr.  Peale  studied  a  section 
of  the  series  of  quartzites  and  slates  that  apparently  correspond  to  those 
of  Nevada  and  Utah,  occurring  beneath  the  Lower  Cambrian  (Olenellus) 
zone.  The  section  figured  by  Dr.  Peale  includes  5,710  feet  of  quartzites 
and  slates,  with  a  little  interbedded  limestone.  He  compares  it  with 
the  section  on  the  western  side  of  the  Wasatch  range,  referred  to  the 
Cambrian  by  Messrs.  Emmons  and  Hague.^  In  his  r68um6  of  the  for- 
mations, the  Cambrian  or  Primordial  is  made  to  include  the  quartzites 
and  slates  that  may  be  tentatively  assigned  to  the  Algonkian,  or  to  the 
Cambrian,  but  preferably  to  the  latter.  To  the  Canadian  Period  there 
are  referred  1,300  feet  of  interlaminatcd  limestones  and  quartzites  that 
occur  above  the  quartzite  and  slate  series  now  referred  to  the  Cambrian. 
Dr,  Peale  states  that  west  *f  Malade  City  the  section  gives  2,000  feet 
of  strata  placed  in  the  Quebec  series  by  Prof.  Bradley.* 

The  northern  end  of  the  Port  Neuf  range  was  studied  by  Prof.  Orestes 
St.  John,  in  the  vicinity  of  Mount  Putnam.  He  there  found  the  section 
to  be  formed  of  quartzites,  chloritic  schists,  slates,  and  micaceous  shales 
at  the  base,  above  which  comes  the  dark  red,  finely  laminated  sand- 
stone in  thick  beds.  These  he  referred  to  the  Potsdam  with  a  query. 
In  speaking  of  this  section.  Dr.  Peale  says  he  thinks  Prof.  St.  John  is 
inclined  to  refer  the  base  of  the  section  to  the  Huronian.^ 

With  the  information  afiforded  by  his  own  survey  and  that  of  Prof. 
St.  John,  Dr.  Peale  constructed  the  following  table  as  embodying  their 
knowledge  of  the  Lower  Paleozoic  section  of  Idaho :  ^ 

'Op.dt,  p.670.  sOp.oit.,  p.614.  •  Op.  oil,  p.  615.  ^Op.oit,  p.ClS. 
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Silurian  section. 


a 
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Bine  and  gray  liraest-ones,  with  characteristic 
Quebec  fotisils. 


"3  S 
'S  o 
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Blae  limestones,  generaHy  laminated,  with  al- 
ternations of  greenish  sandstones  and  shales 
and  siliceous  slates. 
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Pink  and  white  quartzites,  conglomeritic  at 
top,  with  thin  layer  of  limestone  at  the  base. 
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Oliyegreen  and  gray  chloritio  slates  and  in- 
durated clay  slates. 


o 

CO 


Silvery  and  steel-gray  micaceoaa  slates. 


o 
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Dark  qnartzites  with  interlaminated  slates. 
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Red  qnartzites  and  qnartzitio  sandstones,  with  con- 
glomeritic and  shaly  layers. 


Limestones. 


o 

CO 


Very  dark  green  chloritio  schists,  containing  quartz 
and  serpentine  seams  and  interlaminated  bands  of 
metamorphosed  argillaceous  slates,  and  a  band  of 
pink  quartzite  200  feet  thick. 
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In  copying  the  table  it  has  been  reversed,  so  as  to  follow  the  nat- 
ural order.  As  interpreted  in  the  light  of  our  present  knowledge  of 
the  Cftmbrian  rocks  in  the  Rocky  Monntaius,  the  Quebec  and  Calcifer- 
oas  of  this  section  are  referred  to  the  Upper  Cambrian.  Whether  the 
rocks  referred  to  the  Potsdam  and  Acadian  are  of  Cambrian  age  or  not 
will  remain  undetermined  until  some  paleontologic  proof  is  obtained. 

MONTANA. 

As  far  as  known^  the  Cambrian  rocks  of  Montana  are  restricted  to  the 
soathem  portion  of  the  State.  Two  areas  are  well  defiued,  one  about 
the  northern  end  of  the  Big  Horn  range  and  the  other  within  the  area 
drained  by  the  Gallatin  and  the  Yellowstone  liivers. 


I 


OaUatin  limestones  835  feet. ..  < 
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The  cbatacter  of  the  strata  forming  the  CanibriaD  about  the  Big  Horn 
MouutatDS  will  be  spoken  of  in  connection  with  the  extension  of  that 
range  in  VVyouiiug.  The  Gallatin  section  of  the  Cambrian  indades 
1,250  feet  of  strata,  of  which  835  feet  are  limestone,  resting  upon  415 
feet  of  sandstone.  Conformably  snbjacent  to  the  latter,  there  are  5,000 
feet  of  alternalious  of  conglomeritic,  micaceous  sandstones,  with  bands 
of  siliceous  limestones  and  indurated  clay  shales,  referred  to  the  Algon- 
kian  by  Dr.  A.  C.  Peale.  ^ 

A  more  detailed  manuscript  section,  that  Dr.  Peale  kindly  prepared 
at  my  request,^s  as  follows : 

Pebbly  limestoni^s  145  feet. 

"( fossils,  Leptcena  melitaf  Ophileta  sp.f 

TripleHa  cahxfera^  Ptyehopwria  sp.  f 
Ptychoparia  {M,)  afinU), 
Dry  Creek  shales  30  feet. 
Mottled  limestoues  1()0  feet. 

( fossils,  Ptychoparia  sp.  f  HyolitheB  sp.  f ) 
Obolella  shales  280  feet. 

(fossils,  Obolella  sp.  f ) 
Tiilobite  limestoues  120  feet. 

(fossils,  LinguUlla  sp.,  Aorotreta  gemma, 

Kutorgina  ao»1ptiH8t  AgnoBtus  bidens, 
Hyolithes  gregaria,  Olenoidea  aerratua. 
Ptychoparia  gallatinenaes, 
Bathyuriacust  hay  dent). 

{Gallatin  shales  290  feet, 
(fossils,  ^;^g^^«j;^^ 
6»Ilatia  qiinrtzite  125  feet. 

It  is  probable  that  the  5,000  feet  of  strata  referred  to  the  Algonkian 
in  the  published  section  will  ultimately  be  referred  to  the  Lower  Cam- 
brian as  they  occupy  the  stratigraphic  position  of  the  Bow  Biver  series 
to  the  north  in  British  Columbia  through  the  upper  3,000  feet  of  which 
the  Olenellus  fauna  has  been  found  to  range. 

The  section  near  the  mouth  of  the  East  Gallatin  Biver  was  studied 
in  detail  by  Dr.  Peale  in  1884,  and  two  lithologically  well  defined  groups 

determined  and  characterize<l  as  follows : 

* 

To  the  lower  one,  which  was  carefully  searched,  without  snccess,  for  organic  le- 
maiii.s,  the  name  of  East  Gallatin  group  has  been  provisionally  applied.  It  is  com- 
posed of  a  series  of  alternations  of  green  and  greenish  gray  micaceous  sandstones  and 
clay  slates  (almost  argillites),  with  thin  bands  of  laminated  limestones;  2,t{00feetof 
these  beds  were  sectionalized  in  detail  withont  any  traces  of  fossils  being  found. 

The  sandstones  are  in  heavy  beds  and  present  a  somber  appearance,  weathering  on 
exposed  surfaces  to  steel-gray  and  almost  black  colors  and  freqneutly  breaking  into 
cubical  blocks.  The  slates  are  blue,  yellowish,  olive-green^  and  at  some  places  red. 
In  the  limestone  a  concretionary  structure  is  frequently  noticed.  For  the  upper 
group,  lying  above  a  well  do6ned  pink  quarlzitic  sandstone,  we  have  retained  the 
name  Potsdam.  Green  aud  dark  purplish  red  micaceous  shales,  mostly  arenaceous, 
with  occasional  thin  bands  of  limestone,  make  np  this  group,  and  many  of  the  beds 
are  highly  fossiliferous.  The  collections  have  not  been  carefully  studied  yet,  and  we 
therefore  simply  refer  to  them  in  this  general  way  at  this  time.' 

1  Report  of  Dr.  A.  C.  Peale  (on  the  MootaoadiYision  of  Reolofcy).    IT.  S.  Geol.  Sarr.,  10th  Ann.  B^., 
1800.  p.  131. 
> najden,  F.  V. :  Report  Montana  Oi viaion.    U.  &  Q«oL  Surv.,  «tb  Ann.  Rep.,  1884-'85, 1885,  p.  60. 
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The  fauna  collected  in  the  Gallitiu  River  section  by  Dr.  Hayden  in 
1872  was  studied  by  Mr.  Meek,  who  recognized  ei»(;hteen  species.  From 
the  lowest  division  he  identified  the  genera  Oruziaua,  Lingulepis,  or 
Lingula,  Gonocoryphe,  Batbyurus,  or  Asaphus.  From  the  third  divi- 
8ion  he  described  Bathyurus  serratus^  B.  f  haydeni^  Oonocoryphe  {Con- 
ocephalites)  gaUatinensis^  Iphidea  aubtilis^  tkudAgnostus  hidens  ;  and  iden- 
tified a  species  of  Canocoryphej  Hyolithes  gregaria^  and  Acrotreta  sub- 
coniea.  From  the  second  division  the  genera  Acrotreta  and  Lingula 
are  identified,  and  from  the. upper  or  first  division  Asaphus  T,  Bathyu- 
rus T  Oonocoryphe,  and  Liugulepis.'  This  fauna  has  the  facies  of 
the  Upper  Cambrian  zone,  although  that  of  the  fourth  or  low«)St  di- 
vision may  prove  to  belong  to  the  Middle  Oambrian.  As  a  whole  the 
Cambrian  of  the  Oallatin  region  is  formed  of  a  sandstone  at  the  base, 
above  which  occur  limestones  carrying  a  fauna  characteristic  of  the 
up|)er  portion  of  the  group. 

The  presence  of  the  Upper  Cambrian  on  the  southwestern  side  of  the 
Little  Belt  Mountains  and  on  the  southern  side  of  the  Elk  Bange  was 
proved  by  Messrs.  Dana  and  Grinnell  when  they  discovered  fossils  of 
this  age.  The  section  near  Gamp  Baker,  southwest  of  the  Little  Belt 
Mountains,  is  estimated  as  CdUows  :' 

Qaarizite,  20  feet;  variegated  shales,  mostly  bright  red,  also  green  aud  bine,  150 
feet ;  limestoue  in  a  double  series  of  ledges,  80  feet ;  qnartzite,  reddish,  slightly  mica- 
ceous, then  a  series  of  colored  slates,  mostly  green,  followed  by  shales  and  thin  bods 
of  sandstones  and  limestones,  in  all  probability  1,500  feet ;  still  further  conformable 
shales,  1,000  feet.  These  extend  toward  the  north  farther  than  we  could  follow 
them.  It  is  enough  to  say  that  the  total  thickuess  of  the  conformable  strata  uuder- 
lyiug  the  fossil-bearing  limestone  can  not  be  less  than  3,000  feet,  aud  is  probably 
much  more. 

The  same  authors  state  that  they  identified  similar  rocks  at  Moss 
Agate  Springs,  at  the  south  extremity  of  the  Elk  Range  of  mountains. 
The  strata  there  are  fed  shales,  quartzites,  and  limestones  like  those  at 
Camp  Baker,  the  limestones  containing  many  fragments  of  trilobites. 
The  fossils  collected  were  studied  by  Prof.  B.  P.  Whitfield,  who  de- 
scribed Crepicephalus  {Loganellus)  montanensis  and  ArioneUus  tripunc- 
tatuSj^  species  that  occur  in  the  Upper  Cambrian  horizon,  the  former  in 
the  Black  Hills  and  Big  Horn  Bange,  and  the  latter  in  central  Texas. 

From  his  observations  at  numerous  points  Dr.  F.  V.  Hayden  con. 
eluded  that  the  outcrop  of  the  sandstone  referred  by  him  to  the  Pots- 
dam extended  entirely  around  the  Big  Horn  Mountain  Bange.  Near 
the  sources  of  Powder  River  he  found  a  series  of  sandstones  underlying 
the  Carboniferous  limestone,  resting  unconformably  upon  the  schistose 
aud  clay  slates  of  the  Azoic  series  in  very  nearly  the  same  manner  as 

*  I*reliiiiin%ry  paleontologioal  report  .  .  .  with  remark*  on  the  sffea  of  the  rooka,  etc  XJ.  S. 
Geol.  SatT.  of  the  TeiT.,  6th  Ann.  Rep.,  1873.  pp.  463, 464. 

*  Geological  report.  Beport  of  a  Keological  i-econuoiBsaDoe  trow.  Carroll,  Montana  Terr.,  on  the 
Upper  Miaaoari  to  the  Tellowetone  Park  and  retam,  made  In  the  sommer  of  1876^  by  Wm.  LudJ«w<, 
187tf,  p.  133. 

*l>eeGriptiima  of  new  apeciea  of  foeeila.    Ibid.  p.  141. 
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in  tbe  Black  Uills.  The  Potsdnm  sandstoue  in  this  region  is  qaite^  ^ell 
developed,  attaining  a  thickness  of  200  feet,  and  exhibiting,  as  u^unl, 
various  lithologic  characters.  !N"ear  the  base,  the  rock  is  of  a  rec^^''^^ 
flesh  color,  very  compact,  composed  of  an  aggregation  of  quartz  I^^ 
bles,  varying  in  size  from  a  minute  grain  of  quartz  to  masses  b.-if  ^^" 
inch  in  diameter,  cemented  by  siliceous  matter.  Above,  the  rock  j^  "* 
thin  ferruginous  layers,  slightly  calcareous  but  mostly  siliceous,  ^"' 
with  many  small  particles  of  mica.  These  thin  layers  are  alsochar*^^* 
with  fossils,  such  as  Lingula  antiquaj  Obolella  nanUj  Theca  gregana^  ^^"*^ 
Arionell%i%  f  oweni.  Many  of  the  slabs  are  covered  with  fucoidal  m^*^  ' 
ings  and  what  appear  to  be  tracks  and  trails  of  worms.' 

CANADIAN  KXTENSION. 

Our  knowledge  of  the  Oambrian  rocks  of  this  region  is  mainly  limS  ^^ 

to  the  vicinity  of  the  line  of  exploration  across  tbe  Rockv  Mouutain^^   ^^ 

m 


the  vicinity  of  the  Canadian  Pacific  Railway.    They  occur  in  westr 
Alberta  and  eastern  British  Columbia,  as  is  shown  in  the  plates  ^^  *^ 
sections  accompanying  Mr.  R.  G.  McOonnelPs  paper.*    The  geograi^:^^^' 
distribution  and  the  localities  mentioned  by  Mr.  McConnell  are  re"^^"** 
sented  on  the  map  accompanying  the  report  of  the  Oeological  Suir^"*^^ 
of  Canada  for  1882. 

The  Cambrian  section,  identified  by  fossils,  includes  the  upper  -^"^ 
tion  of  the  Bow  River  group  and  the  lower  part  of  the  Castle  Monik  ^•^  ^\ 
group.  The  Bow  River  group  forms  the  basal  member  of  the  sectic^  "^^ ' 
the  Bow  River  Valley  and  Cathedral  Mountains.  It  consists  maiu~K  ^^ 
a  series  of  dark  colored  argillites,  associated  with  some  saudstc^  ^^^^ 
quartzites,  and  conglomerates.  The  argillites  are  usually  dark  gra^^^^"^^ 
in  color,  but  become  greenish  artd  purplish  in  places ;  are  very  impp^  '■-^' 
and  frequently  grade  into  flaggy  sandstones  that  are  often  slightly       ^^ 


careous.    The  conglomerates  of  this  series  are  characterized  by  peL^  *-^ 
of  milky  or  seniitranspnreiit  quartz,  and  by  pieces,  similar  in  size        ^" 
fresh  looking,  of  whitish  feldspar,  and  the  matrix  contains  an  abund  ^^  ^^ 
of  pale  mica.    These  constituents  have  evidently  been  derived    <^^*^" 
some  not  far  distant  exposures  of  coarse  granite  or  gneissic  rock.       ^3^ 
conglomerates  characterize  more  especially  the  top  of  the  form»^^^^' 
and  occur  in  thick,  massive  looking  bands,  alternating  with  quarts  '^^ 
and  shales.    The  quartzites,  like  the  conglomerates,  are  mostly  €o^^^^ 
in  the  upper  part  of  the  formation,  and  sometimes,  as  in  Cathe<^^^ 
Mountains,  replace  the  latter  altogether.    The  only  fossils  detected!  ^° 
the  Bow  River  series  are  specimens  of  Olenellus  gilbertiy  found  aU>''^ 
2,000  feet  below  the  top  of  the  formation  and  at.  the  summit  of  Verioili^^ 
Pass. 


*  The  Priraonlial  Sandatono  of  tlie  Rocky  MonntAins  iu  the  Northwestern  Territories  of  Ui«  \iw,\M 
SUtca.    Am.  Jou '.  Scl.,  2d  ser.,  vol.  33, 1862,  pp.  71, 72. 

*  Report  on  the  Geological  Structure  of  a  portion  of  the  Rocky  Monntaina,  with  a  aectioii.  6««l 
Bury.  Canada,  new  aer.,  toI.  %  188e-'87,  VP'  24D-30D. 
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Attention  was  called  to  the  resemblance  of  the  strata  of  the  Bow 
Biver  series  to  those  of  the  Big  Cottonwood  Canon  section  of  the 
Wasatch  Monntains  of  Utah,  by  Dr.O.  M.  Dawson,  in  1885.  A  com- 
parison of  the  two  leads  to  their  correlation  as  equivalent  formations, 
on  the  evidence  of  their  lithologic  characters  and  stratigniphic  position 
and  the  fact  that  the  Olenellus  fauna  occurs  in  the  upper  portion  of 
each  section.  In  his  paper  of  1889  Mr.  R.  G.  McConnelP  states  that 
specimens  of  Paradozides  and  other  fossils  were  found  at  the  junction 
of  the  Bow  Biver  and  the  superjacent  Castle  Mountain  group.  A  col- 
lection made  at  this  horizon  was  sent  to  me  for  examination,  and  I 
identified  Olenellus  sp.  undt.,  Protypus  senectus,  and  a  species  of  Pty chop- 
aria  undistingnishable  from  P.  adqmsi  of  the  Olenellus  zone  of  Vermont. 
The  occurrence  of  the  Olenellus  fauna  at  this  horizon  and  of  Olenellus 
giWertij  3,000  feet  lower  in  the  section,  corresponds  to  the  great  range 
of  the  fauna  in  the  New  York  and  Vermont  sections. 

The  Castle  Mountain  group,  in  the  Castle  Mountain  section,  com- 
mences with  a  thin  band  of  shaly  limestone,  above  which  come  1,500 
feet  of  massive  dolomites.  Tliese  are  subjacent  to  some  yellowi.sh, 
compact,  impure  dolomites,  above  which  300  feet  of  reddish  shales  oc- 
cur subjacent  to  several  hundred  feet  of  shaly  magnesian  limestones. 
The  Mount  Stephen  section  shows  about  5,000  feet  of  beds,  consisting 
mainly  of  heavy  dolomites,  with  shaly  bauds  at  intervals.  One  of  these, 
occurring  at  the  base  of  the  fornration  and  another  about  2,000  feet 
higher  up,  are  rich  in  trilobites.' 

Beference  has  already  been  made  to  the  fauna  occurring  at  the  base 
of  Castle  Mountain.  From  the  next  fossillferous  zone,  2,000  feet  up  in 
the  section,  the  following  species  have  been  obtained: 

LiaguleUa  maoconneUi.  Agnostus  interstrictns. 

Crania?  colambiana.  Olenoides  nevadensis. 

Katorgiua  prospeoteDHis.  Zacauthoidea  spiuosas. 

Acrotreta  gemma,  var.  depressa.  Ptychoparia  cordilleras. 

Linnarsoania  sagittalis.  Bathyuriscus  howeUi. 
Orthisina  alberta.  (K.)  dawsoni. 

Platyceraa  romiDgeri.  Karlia  stepheDensis. 

HyolitheUas  m leans.  Ogygopsis  klotzi. 

Where  the  line  between  the  Cambrian  and  the  Lower  Silurian  (Ordo- 
vician)  is  to  be  drawn  in  the  Castle  Mountain  group  is  still  undeter- 
mined. The  discovery  of  a  specimen  of  Ptychoparia  oweni  in  the 
debris  washed  down  by  the  Cascade  Biver  from  the  Cascade  Mountains 
Indicates  the  presence  of  the  Upper  Cambrian  fauna  in  this  region,  and 
it  is  not  improbable  that  it  will  be  found  in  the  Castle  Mountain  or 
Mount  Stephen  section. 

*  Notes  on  Uie  geology  of  Moant  Stephen,  British  Columbia.  American  Geologist,  voL  3,  1889,  pp. 
22-2S. 

'  Report  on  the  Geological  Structure  of  »  portion  of  the  Uocky  Mouutaiua,  with  a  section.  GeoL 
Snrv.  Canada,  new  ser.  1886-87, 1687,  pp.  24-20D. 
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The  sedimentation  of  the  western  area  is  mach  more  varied  and 
larger  than  that  of  the  eastern  side  of  the  Rocky  Mountains.  The 
southern  portion^  represented  by  the  Enreka  District  section,  extend- 
ing from  the  basal  qnartzite  to  the  base  of  the  Lower  Silurian  (Ordovi- 
cian),  is  a  continuous  conformable  succession  of  limestones  and  cal- 
careous shales,  with  the  exception  of  a  narrow  belt  of  arenaceous 
shales  restiug^directly  upon  the  lower  quartzite.  The  calcareous  sedi- 
ments are  6,200  feet  in  thickness  and  include  the  faunas  of  the  Middle 
and  Upper  Cambrian.  The  Lower  Cambrian  fauna  is  well  developed 
in  the  shales  between  the  limestone  and  thia  quartzite.  The  Highland 
Range  section,  125  miles  to  the  south,  has  a  thickness  of  4,800  feet  of 
limestone,  between  the  quartzite  and  the  Lower  Silurian  (Ordovician). 
Proceeding  eastward  from  central  Nevada  to  northern  central  Utah, 
the  Cambrian  formation^  thin  out,  and  on  the  flanks  of  the  Wasatch 
Mountains  are  represented  by  250  feet  of  argillaceous  and  siliceous 
shales  above  the  basal  quartzite.  In  this  section  only  the  Lower  and 
Middle  Cambrian  faunas  are  found.  The  three  thousand  or  move  feet 
of  limestone,  with  an  abundant  Upper  Cambrian  fauna,  found  in  central 
Nevada,  is  unrepresented. 

A  comparison  of  the  section  in  the  Wasatch  Mountains  with  that  of 
Nevada  shows  that  in  both  the  earlier  conditions  of  sedimentation 
were  apparently  the  same.  But  during  the  deposition  of  the  Upper 
and  Middle  Cambrian  rocks,  in  the  immediate  vicinity  of  the  Wasatch 
Range,  it  was  au  area  of  minimum  deposition  of  argillaceous  sediment, 
while  that  of  Central  Nevada  was  one  of  a  great  accumulation  of  calca- 
reous sediment. 

What  the  conditions  were  in  the  vicinity  of  the  Wasatch  Range 
during  the  deposition  of  the  great  calcareous  deposits  of  central  Nevada 
of  Upper  and  Middle  Cambrian  times  is  largely  conjectural.  The 
physical  appearance  of  the  rocks  indicates  a  shallow  sea  with  very 
little  deposition  of  sediment  during  the  earlier  portion  of  Cambrian 
time,  and  either  a  very  shallow  sea  without  deposition  of  sediment  or 
a  very  deep  sea  without  deposition  of  sediment,  during  the  latter  part 
of  Cambrian  time.  It  may  be  that  some  sediment  was  deposited  and 
subsequently  was  removed  by  erosion,  but  this  is  exceedingly  doubtful. 
The  pure  limestones  of  the  Lower  Silurian  (Ordovician)  rest  directly 
upon  the  shales  of  the  Cambrian,  without  any  apparent  unconformity. 

To  the  north,  near  Malade  City,  Idaho,  there  are  1,200  to  1,400  feet 
of  limestones  that  occur  above  the  series  of  quartzites  and  slates.  The 
sedimentation  is  essentially  the  same  as  that  of  central  Nevada  wi!;b 
the  exception  of  a  less  amount  of  calcareous  sediment  above  the  basal 
quartzite.  The  Upper  Cambrian  fauna  has  been  found,  but  not  the 
Middle  or  Lower  fauna.  Still  farther  to  the  north,  in  western  Alberta, 
and  eastern  British  Columbia,  the  same  series  is  represented  in  the  Bow 
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Biver  qnartzites  and  slates.  The  Cambrian  section  at  tbis  point  also 
agrees  closely  with  that  of  Nevada.  The  Olenellus  fauna  occurs  at  the 
base  of  a  thick  series  of  limestone,  and  in  calcareous  shales,  2,000  feet 
higher  up,  the  Middle  Cambrian  fauna  is  well  developed.  Where  the 
line  between  the  Cambrian  and  Lower  Silurian  (Ordovician)  is  to  be 
drawn  in  this  great  series  of  limestone  and  calcareous  shales  is  still  un- 
determined. 


^wft^ 


'I'll  W 


Fio.  3.— Sections  of  the  Kooky  MoantaiB  province,  vertical  scale  6,400  feet  to  the  inch.    The  nam* 
ber  beneath  each  eection  correaponde  to  the  locality  namber  on  Pis.  i  and  ii. 

The  presence  of  OhnelUts  gilberti  3,000  feet  down  in  the  Bow  River 
qnartzite  and  shales  gives  strong  reason  for  referring  the  entire  Bow 
Kiver,  Idaho,  Wasatch,  and  Nevada  quartzite  and  shales  series  to  the 
Lower  Cambrian.  We  know  that  the  vertical  range  of  the  fauna  is 
great  in  the  Appalachian  sections  and  also  in  British  Columbia. 

As  a  whole  the  sedimentation  in  the  vicinity  of  the  shore  line  of 
Utah  was  limited  in  amount  in  later  Cambrian  time,  and  conssisted 
mainly  of  siliceous  and  argillaceous  muds.  In  the  deeper  sea  to  the 
westward  a  great  accumulation  of  calcareous  sediment  rests  upon  the 
basal  quartzite,  and  this  continues  to  southern  central  Nevada.  To 
the  northward  there  is  a  decrease  in  thickness  of  the  limestones  across 
Idaho.  In  British  Columbia  the  section  is  more  like  that  of  central 
Nevada. 
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A  comparison  of  the  Moctions  of  the  urea  on  the  eastern  side  of  the 
Bocky  Mountains  with  that  of  the  westt^rn  sustains  the  view  that  dur- 
ing late  Algonkian  f,  Lower  Cambrian,  and  Middle  Cambrian  time  the 
eastern  Rocky  Mountains  and  the  plains  to  the  eastward  were  above 
the  sea  level,  whilst  to  the  west  the  sediments  of  the  later  Algonkian  ?, 
Lower  Cambrian,  and  Middle  Cambrian  were  accumulating  west  of  the 
line  of  the  Wasatch  Mountains  and  the  extension  of  this  line  nearly 
due  north  into  British  Columbia.  Over  all  this  region  the  coast  line 
and  sea  bed  appear  to  have  nndergone  a  gradual  depression  during 
early  Cambrian  time,  and  a  relatively  rapid  depression  at  the  begin- 
ning of  Middle  Cambrian  time.    (Fig.  3.) 

THE  INTERIOR  CONTINENTAL  PROVINCE. 

This  province  includes  the  Upper  Mississippi  area ;  the  eastern  bor- 
der or  Adirondack  sub- Province,  the  western  border  or  Rocky  Moun- 
tain sub-Province,  and  the  Llano  County  area  of  central  Texas  antl 
the  Grand  Canon  of  Arizona  as  a  minor  southwestern  sub-Province. 

The  Lake  Superior  sandstones  and  the  controversy  in  relation  to 
them  will  be  noticed  under  a  separate  heading,  after  the  description  of 
the  recognized  Upper  Cambrian  rocks  of  Wisconsin,  Iowa,  and  Min- 
nesota and  their  Canadian  extension. 

UPPER  MISSISSIPPI  VALLEY. 

In  the  historical  review  the  literature  pertaining  to  these  rocks  has 
been  considered  under  the  headings  of  "Wisconsin,^  *' Minnesota,"  and 
^'  Iowa,''  but  as  the  strata  all  belong  to  one  geologic  basin  it  is  consid- 
ered best  to  speak  of  them  collectively. 

The  formations  that  have  been  correlat4?d  with  the  Potsdam  sand- 
stone of  New  York  will  be  treated  of  under  two  headings:  (I)  The 
St.  Croix  or  '^  Potsdam "  sandstone  proper,  and  (2)  the  sandstone  of 
the  south  shore  of  Lake  Superior. 

The  8t.  Croix  {^^  Potsdam^^)  sandstone. — The  greater  portion  of  the  ex- 
posures of  the  St.  Croix  or  Lower  sandstone  occurs  in  Wisconsin,  audit 
here  also  presents  many  variations  in  sedimentation  and  fauna.  Its 
lower  beds  rest  on  the  great  pre-Cambrian  nucleus  of  the  center  of  the 
State,  extending  about  it  from  the  Michigan  line  on  the  northeast  to 
where  it  passes  into  Minnesota  on  the  northwest.  Its  line  of  ex)n tact 
with  the  superjacent  Magnesian  limestone  is  also  very  extended  owing 
to  the  numerous  streams  that  have  cut  through  the  limestone  down  into 
the  sandstone  throughout  its  line  of  outcrop.  The  epoch  was  one  of 
accumulation  of  sand.  The  rocks  are  mainly  light-colored  sandstones 
in  central  and  southern  Wisconsin,  but  embrace  some  beds  of  limestone 
and  shale.  The  maximum  known  thickness  is  about  1,000  feet.  The 
fauna  is  large  and  varied,  and  contains  trilobites,  gasteropods,  ptero- 
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pods,  and  brachiopods.    The  succession  of  beds  is,  according  to  Prof. 
T.  0.  Ohamberlin,  as  follows:^ 

On  the  southern  side  of  the  Archeaa  Island  the  lower  part  of  the  formation  usnally 
consists  of  coarse  qnartzose  sand,  of  an  exceedingly  open,  porous  nature,  with  but 
little  aluminous  or  ferruginous  and  almost  no  calcareous  matter.  Higher  in  the 
series  the  sandstone  becomes  finer  grained  and  the  accessory  substances  named  more 
abundant.  Somewhat  above  the  middle  of  the  series  a  stratum  of  shale  occurs,  at- 
taining a  known  thickness  of  80  feet.  This  is  not  everywhere  present  and  seems  to 
be  mainly  developed  at  some  distance  from  the  ancient  shore  line.  It  appears  to 
indicate  that  for  a  time  there  was  a  deepening  of  the  waters,  admitting  of  the  accu- 
mulation of  fine  sediment,  except  near  the  shore,  whore  the  depo*iit  of  sand  continued. 
Above  the  shale  the  sandstone,  reaching  a  thickness  of  150  feet,  is  again  found.  This 
is  medium  or  coarse  grained  and  slightly  calcareous.  It,  in  turn,  is  overlain  by  a 
deposit  of  associated  shale  and  limestone  (the  Mendota  limestone),  which  attains  a 
thickness  of  35  feet  in  the  vicinity  of  the  lake  from  which  it  derives  its  name.  These 
beds  indicate  a  moditication  of  the  conditions  of  deposition,  such  as  to  permit  not 
only  the  settling  of  fine  sediment,  bnt  the  accumulation  of  calcareous  mud  as  well. 
The  latter  was  doubtless  derived  from  the  oalcaieoiis  remains  of  life,  since  the  sea 
then  swarmed  with  living  organisms  whose  shellu  and  skeletons  areJTound  entombed 
in  the  strata.  The  frequency  of  broken  and  worn  fragments  implies  that  the  greater 
portion  were  ground  to  powder,  forming  the  calcareous  flour  that  subsequently  hard- 
ened into  limestone.  These  beds  appear  to  point  quite  snrely  to  a  moderate  deepen- 
ing of  the  waters. 

Overlying  this  impure  limestone  is  a  third  and  thinner  bed  of  sandstone  (the  Madi- 
ma)  with  which  the  Potsdam  series  closes.  This,  on  the  whole,  is  tiner  grained  than 
that  below,  and  is  bound  more  firmly'  together  by  cementing  material,  which  is 
mainly  a  calcareous  and  ferruginous  infiltration.  The  thickness  of  this  bed  is  about 
30  feet. 

In  eastern  Wisconsin  the  formation  is  divided  by  Prof.  Chamberlain 
into  six  parts,  as  follows,  beginning  at  the  top: 

Feet. 

Sandstone  (Madison) 35 

Limestone,  shale,  and  sandstone  (Mendota) 00 

Sandstone,  calcareous 1.55 

Bluish  shale,  calcareous 80 

Sandstone,  slightly  calcareous 160 

Very  <;oarse  sandstone,  noncalcareous  ..i 280 

The  thicknesses  given  are  subject  to  considerable  variation.  As  a  general  rule 
they  grow  less  toward  the  northeast.  Where  the  total  thickness  of  the  formation  is 
reduced  by  the  inequalities  of  its  Archean  bottom  it  it  by  the  loss  of  the  lower 
members  of  the  group  and  not  by  the  thinning  of  all.^ 

The  Upper  or  Madison  sandstone  is  described  as  a  ratlier  coarse- 
grained, thick-bedded,  compaet,  but  soft,  slightly  calcareous,  light  col- 
ored sandstone.  In  its  upper  portion,  immediately  beneath  the  lower 
Magnesian  limestone,  it  is  at  most  localities  coarse,  and  the  topmost 
layer  is  often  broken  up  and  mixed  with  calcareous  material,  giving  it 
acoarsely  brecciated  structure.  The  subjacent  limestone  (Mendota)  con- 
sists of  a  group  of  alternating  strata  of  arenaceous  magnesian  lime- 
stone, sandy  calcareous  shales,  and  shaly  and  calcareous  sandstones.^ 

■  General  Geologjv  TlinloHcalQeoIos^y.  Paleozoic  Era.  Geology  or  Wiscoon in.  Survey  of  ]873-'79, 
Tol.  1,  1883,  pp.  121,12i». 

[Geology  of  ea8t«rn  Wisconsin.]  Chapters  7  and  8.  Lovrer  and  Upper  Silurian.  Geology  of  Wia- 
conain.  Survey  of  1873-'T0,  vul.  2, 1877,  pp.  2b0.  260. 

'Op.eit.p.2(IO. 
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The  npper  and  lower  limits  of  the  Mendota  p^roiip  are  scarcely  defin- 
able. It  gradaates  above  into  Madison  sandstone,  so  as  to  make  it 
difScnlt  to  draw  a  line  between  the  two,  and  below  the  alteration  of 
calcareous  and  arenaceous  rock  make  it  equally  difBcult  to  say  where 
the  series  ends.  The  Mendota  beds  are  regarded  as  the  eastern  equiv- 
alents of  Dr.  Owen's  Fifth  Trilobite  bed,  the  common  horizon  being 
characterized  by  the  presence  of  IHkelocephalus  minnesotensis^  D.  pepin- 
ensis,  Lingula  aurora^  L.  mosia^  and  a  few  other  species  of  limited  hori- 
zontal distribution.  The  lower  divisions  constitute  the  main  body  of  the 
Potsdam  sandstone  and  present  but  very  few  exposures  in  this  region. 
They  are  divided  into  fonrparts.^ 

The  strata  referred  to  the  Potsdam  sandstone  by  Prof.  B.  D.  Irving 
in  central  Wisconsin  have  a  surface  distribution  of  over  6^000  square 
miles.*  In  the  vicinity  of  Madison  the  following  succession  of  layers 
between  the  Mendota  base  and  the  Aroheau  occurs :' 

Feet 

1.  Green  sand  layer 1 

2.  Calcareous  and  dolomitic,  friable,  fine-grained,  greenish  sand- 

stone       31 

3.  Notknown 31 

4.  Light  colored  sandstone,  for  the  most  part  purely  siliceous, 

being  made  of  rolled  quartz  grains;  but  no  specimens  ob<> 
tained  from  the  uppermost  h^yers 704 

5.  Red  shale 10 

Total .* 777 

The  generalized  section  given  above  for  the  Potsdam  series,  below  the  Mendota 
base,  bolds  true  for  a  large  part  of  the  central  Wisconsin  district,  and  would  be  sat- 
isfactory for  all  of  it  but  for  the  facts  next  to  be  stated.  * 

Prof.  Irving  then  proceeds  to  describe  layers  of  sandstone  and  bowl- 
der-conglomerate occurring  near  the  pre-Gambrian  quartzite,  which 
apparently  occupy  a  higher  position  and  extend  downward  across  the 
ui)per  portion  of  the  eastern  Madison  section.  He  explains  this  occur- 
rence on  the  theory  of  the  accumulation  of  these  conglomerates  and 
sandstones  near  the  shore  line  at  a  higher  level  than  the  sandstones 
that  accumulated  offshore. 

The  beds  of  passage  between  the  Potsdam  and  Lower  Magnesian  series  inolude,  as 
already  said,  two  well  marked  beds,  60  to  90  feet  in  combined  thickness — the  Men- 
dota limestone  and  the  Madison  sandstone.' 

Of  the  fauna  in  the  rocks  he  says : 

To  the  list  of  fossils  of  the  lower  sandstone  series  given  by  Prof.  Hall  but  little  has 
been  added  by  the  present  survey,  as  far  as  central  Wisconsin  is  concerned.  *  •  * 
The  general  grouping  of  upper,  middle,  and  lower  species  appears  to  hold  true  as 
regards  the  order,  but  his  lower  species  must  really  be  assigned  to  the  middle  of  the 
series,  since  its  thickness  is  about  twice  as  great  as  Mr.  Hall  supposed.^ 

>0p.cit.«pp.261,262. 

*Tbe  Lower  Silaiian  rocka.    (Geology  of  osDtral  Wisconsin.)    Geology  of  Wisconsin,  survey  oi 
187^1870.  TOL  2. 1877,  p.  629. 
*Op.oit,p.ft8i.  «0p.olt.,p.636,  •Op.oit.p.M2.  *  Op.  cit.,  p.  64& 
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In  the  Mississippi  Valley,  in  south  western  Wiscousin,  Mr.  Moses 
Strong  estimated  the  total  thickness  of  the  Potsdam  at  800  to  1,000  feet, 
the  inequalities  in  the  surface  of  the  underlying  Archean  rocks  being 
the  principal  source  of  its  variation.'  Tbe  formation  is  composed  al- 
most entirely  of  sandstone.  The  only  exception  to  this  is  the  stratum 
of  magnesian  limestone  and  shale  found  in  the  upper  part  of  the  for- 
mation. 

The  strata  of  the  formation  are  asaally  composed  of  fine  silioeons  sand,  generally 
iu  small,  ronnded,  water- worn  grains  of  almost,eyery  color,  the  most  frequent  being 
the  various  shades  of  yellow  and  red,  sometimes  greea,  and  often  snow  white.  The 
strata  vary  greatly  in  consistenry,  and  in  different  localities  the  same  stratnm  may 
present  different  degrees  of  hardness.  Some  of  the  layers,  and  especially  the  white 
ones,  are  frequently  almost  as  compact  as  qnartzite,  and  from  this  all  degrees  are 
found,  to  a  loose,  friahle  sand  that  crumbles  in  the  hand.  *  *  *  The  stratification 
of  the  Potsdam  is  very  regular  and  even,  and  the  beds  usually  lie  in  a  nearly  hori- 
zontal position  over  large  tracts  of  country.  Indeed,  so  little  do  they  deviate  from 
an  apparent  level  that  the  dip  can  not  be  distinguished  by  the  eye,  but  only  by  a 
careful  measurement.  The  dip  is  usually  to  the  northwest,  and  seldom  exceeds  8  or 
10  feet  to  the  mile,  but  more  frequently  it  is  less.' 

The  most  highly  fossiliferous  portion  of  the  formation  occurs  in  west- 
em  Wisconsin.  The  formation  is  divided  in  the  lower  St.  Croix  dis- 
trict, by  Mr.  L.  0.  Wooster,  into  four  horizons,  as  follows:'  (1)  "Eau 
Claire  grit;  (2)  Eau  Claire  trilobite  beds;  (3)  Hudson  trilobite  beds, 
and  (4)  line  of  junction  with  the  Lower  Magnesian  limestone.^  In  this 
region  it  borders  upon  the  metamorphic  and  igneous  rocks  to  the  north 
and  east,  and  touches  the  Lower  Magnesian  limestone  on  the  south  and 
west. 

The  four  horizons  mentioned  are  described  as  follows : 

The  Eau  Claire  griij  exposed  at  the  mouth  of  Eau  Claire  River,  is  a  very  coarse  sand- 
stone, with  Scolithus  ^ubes  in  one  or  two  of  the  layers.  Tbe  rock  is  so  coarse  that  it 
has  been  termed  a  conglomerate,  not  without  reason. 

The  Eau  Claire  trilobite  bede  are  characterized  by  several  species  of  trilobites  not 
found  at  any  other  horizon,  and  also  by  being  the  lower  limit  at  which  brachiopods 
were  found  iu  the  sandstone.  These  beds  likewise  mark  the  lower  limit  of  calca- 
reous matter  in  the  formation. 

The  Hudson  trilobite  beds  lie  at  the  best  defined  horizon  in  the  sandstone.  These 
beds  lie  in  close  relationship  to  and  between  the  Lower  Calcareous  band  and  the  layers 
which  are  richest  in  green  sand,  and  thus  can  not  well  be  mistaken.  •  •  *  xhe 
ahaly  layers  below  the  trilobite  beds  are  intensely  green  from  the  presence  of  green 
sand  (a  variety  of  glauconite),  which,  so  far  as  known,  is  true  of  no  other  horizon. 

The  line  of  junction  with  the  Lower  Magnetian  limestone  may,  in  nearly  every  instance, 
be  recognized  by  the  heavy  brecoiated  beds  of  limestone  just  above.  But  this  char- 
acter may  fail  in  the  extreme  southeastern  border  of  the  district,  where  it  is  possible 
that  beds  of  sandstone  are  interstratitied  with  the  lower  layers  of  the  Lower  Magne- 
sian limestone,  as  in  eastern  Wisconsin.^ 

>  Oeologioal  formations.  (Geology  of  the  MiMltwippi  regions  north  of  the  Wisconsin  River.)  Geol- 
ogy of  Wisconsfn,  survey  of  1873-1870,  vol.  4, 1883,  p.  45. 

'Op.  dt.,  pp.  39,40. 

"  Detailed  geology :  (Geology  of  the  lower  St.  Crox  district.  1  Geology  of  WlsoonsiB,  survey  of  1873- 
187»,vo.  4,1882,  p.  109. 

«Op.oit,p.llO. 
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Another  horizon  is  mentioned  in  which  lies  the  Upper  Oalcareoas 
band,  possibly  marking  the  horizon  of  the  Mendota  limestone  of  cen- 
tral Wiseonsin. 

At  no  one  point  in  tho  district  is  the  entire  formation  exposed,  and  so,  to  obtain 
the  entire  thickness  from  the  Lower  Magnesian  limestone  to  the  granite  below,  the 
sam  of  the  thicknesses  of  the  subdivisions  is  taken : 

Feet. 

From  the  Lower  Magnesian  to  the  Hudson  trilobite  bed 200 

From  the  Hudson  trilobite  bed  to  the  Kau  Claire  Trilobite  bed  .    200 

From  the  Eau  Claire  Trilobite  bed  to  the  Ean  Claire  grit 240 

From  the  Ean  Claire  grit  to  the  granite  (at  Eau  Claire),  esti- 
mated   *    100 


Total 740 

The  last  division  is  probably  much  thicker  to  the  sonth  and  west,  making  the 
thickness  of  the  formation  range  to  bOO  and  1,000  feet.^ 

The  report  of  Prof.  Wooster  contains  details  of  uamerous  local  sec- 
tions that  show  the  lithologic  and  paleontologic  characters  of  the  forma- 
tion. 

The  outcrops  in  Iowa  are  the  continaation  of  those  of  southwestern 
Wisconsin ;  and  very  little  is  added  to  the  knowledge  of  the  formation 
in  Minnesota,  where  it  is  called  the  St  Croix  sandstone  by  Fro^  N.  H. 
Winchell.  At  Winona  and  Stockton  there  are  about  303  feet  of  the 
formation  exposed.' 

A  generalized  section  in  Minnesota,  as  given  by  Prof.  Winchell,^  is 
as  follows: 

Feet. 

C  Jordan  sandstone 75-100— Madison  of  Wisconsin. 

St.  Croix  <  St.  Lawrence  limestone 0-  30  =  Mendota  of  Wisconsin. 

f  Dresbach  sandstone  and  shales 200. 

Shales (T) 

CANADIAH  EXTBMSlOir. 


In  the  account  of  a  deep  boring  at  Bosenfeld  Station,  on  the  Canadian 
Pacific  Railway,  Dr.  G.  M.  Dawson  correlates  the  upper  portion  of  the 
section  with  the  Maquoketa  shales,  beneath  which  occurs  the  Galena 
limestone,  ])assing  below  into  Trenton  and  then  to  the  St.  Peters  sand- 
stone. Below  this,  before  reaching  the  granite,  there  are  110  feet  of 
dark  red,  reddish  and  greenish,  bluish  and  grayish  shales,  passing  be- 
low into  red  shales,  which  are  referred  with  doubt  to  the  Lower  Magne. 
sian  limestone.^  Whether  the  St.  Croix  sandstone  is  represented  in 
this  section  can  not  be  determined  in  the  absence  of  paleontologic  evi- 
dence, but  it  is  not  improbable  that  the  horizon  of  the  St.  Croix  and  the 
Lower  Magnesiafi  limestone  of  the  Minnesota  section  may  both  be  in- 
cluded between  the  limestone  and  the  granite  at  the  bottom  of  the  well. 

>0p.oit,p.ll2. 
*The  Geology  of  Minnesota,  vol.  1  of  the  final  report.    1884,  p.  258. 

*  Winohell,  N.  H.:  14th  Ann.  Rep.  Minn.  Geol.  and  Nat.  mat.  Survey,  1886,  pp.  325-387. 

*  On  certain  borings  in  Manitoba  and  the  Northwest  Territory.  Royal  Soo.  Canada^  Proc.  and  Trans., 
ToL  4,  section  4,  1887,  p.  88. 
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LAKJS  SUPERIOR  SANDSTONE. 

The  earlier  geologists  speak  of  the  Keweenawau  series  and  the  hori 
zontal  Lake  Superior  sandstones  as  forming  part  of  the  same  terrant, 
and  this  view  has  been  sustained  by  some  more  recent  writers.  Many 
others,  however,  have  held  the  view  that  the  horizontal  sandstones 
were  the  equivalents  of  the  fossiliferous  sandstones  beneath  the  Mag- 
uesian  limestone  of  central  Wisconsin,  and  that  the  sandstones  of  the 
Keweenawan  series  were  unconformably  subjacent  to  the  horizontal 
sandstones.    Prof.  R.  D.  Irving,  taking  the  latter  view,  says : 

The  coDstant  horizontality  of  tbe  sandstone  series,  its  restriction  to  low  levels, 
the  actual  nDconformity  visible  in  Donglas  Connty,  the  proximity  of  tbe  horizon tnl 
sandstones  to  tbe  enormously  thick  perpendicular  fragmental  beds  of  the  Montreal 
River,  and  the  relations  of  tbe  two  scries  on  tbe  St.  Louis  appear  to  amount  to  dem- 
onstratiou.  In  tbe  Thunder  Bay  region  the  Canada  geologists  have  proved  a  similar 
nonconformity,  and  Sir  William  Logan's  arguments  would  seem  to  show  that  the 
same  is  true  for  the  southeastern  shore  of  tbe  lake.  That  it  may  at  times  be  difficult 
to  tell  whether  we  have  to  do  with  the  Keweenawan  or  tbe  newer  sandstones  is  nn- 
(lonbtedly  true  in  some  of  those  cases  where  the  Keweenawan  beds  have  a  low  incli- 
nation, bat  sach  oases  of  difficulty  are  rare.^ 

Of  the  relation  of  the  horizontal  sandstones  on  the  north  side  of  the 
Wisconsin  pre-Gainbrian  area  and  the  fossiliferous  sandstone  on  the 
southern  side  he  says  :* 

An  absolute  proof  of  their  exact  relations  is  wanting,  because  nowhere  as  yet  have 
the  two  been  traced  into  each  other.  Judging  from  the  low  altitude  above  tbe  lake 
to  which  tbe  Lake  Superior  sandstone  has  been  seen  reaching,  it  appears  improbable 
that  any  connection  ever  existed^  between  the  two  formations  in  the  Wisconsin-Min- 
nesota region.  *  *  *  It  appears,  on  the  whole,  that  the  evidence  is  all  in  favor  of 
an  approximate  equivalency  of  the  Lake  Superior  and  Mississippi  Valley  Potsdam 
sandstones.  It  seems  probable  to  me,  with  my  present  knowledge  of  the  facts,  that 
they  were  deposited  in  always  disconnected  basins,  and  that  their  sharply  oontraited 
litbological  peculiarities  are  to  be  explained  by  corresponding  differences  in  the  an- 
cieut  rocks  from  whose  ruins  they  ,are  built. 

Under  the  designations  of  the  ^^  Eastern  sandstone  "  and  <'  Western 
sandstone"  Prof.  Irving  describes  the  horizontal  sandstones  of  the 
south  shore  of  Lake  Superior.  By  the  '^  Eastern  sandstone  "  he  means 
sandstone  that  fills  the  valley  between  the  Keweenaw  or  main  trap 
range  of  Michigan  and  the  so-called  south  range.  The  eastern  end  of 
this  depression  is  occupied  by  the  waters  of  Keweenaw  Bay.  The  sand- 
stones skirt  the  shores  in  a  band  varying  in  breadth  from  a  few  rods  to 
1  or  2  miles,  the  older  crystalline  rocks  occasionally  reaching  down 
to  the  lake.  These  conditions  prevail  as  far  eastward  as  Marquette, 
beyond  which  point  to  the  eastward  sandstone  forms  all  of  the  shore 
cliffs  as  far  as  the  Sault.' 

'  Geological  Stmctare  of  Northern  WiscoiMiii.    r  General  geology  of  the  Lake  Superior  Begion. 
Geology  of  Wis.,  Surrey  of  187^79,  toL  8, 1880,  p.  28. 
>Op.oit.,pp.24,25. 
*  The  Copper-bearing  Bocks  of  Lake  Superior,    U.  S.  GeoL  Snrv.,  Monograph,  roL  5, 1888,  p.  88L 
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TLe  cbaraeters  of  the  Handstoue  and  its  relation  to  the  snperjacent 
rock  are  stated  as  follows : 

The  sAuddtones  of  the  Keweenaw  Bay  and  its  vicinity,  and  eastward  thence  to  White 
Fish  River,  are  reddish  and  often  highly  argillaceous.  At  White  Fish  River  the  red 
sandstone  is  overlain  by  a  light-colored  sandstone,  which  is  in  turn  snoceeded  by  a 
niagncsiau  limestone,  in  which  are  casts  of  Plenrotoraaria.  This  limestone  is  the 
Lower  Magnesian  of  the  Wisconsin  reports  and  the  Calciferons  aandrock  of  the  East- 
ern Sfcates.  That  it  is  succeeded  in  regnlar  order  by  the  fossiliferons  limestones  of 
the  Trenton,  Cincinnati,  and  Niagara  groups  was  long  sinoe  shown,  and  has  been 
demonstrated  aue  w  of  lat-e  years  by  the  labors  of  the  geological  surveyors  of  Wisconsin 
and  Michigan.  There  thus  seems  little  room  for  doubt  as  to  the  oorreotness  of  the 
view  held  for  years  by  a  succession  of  geological  workers  in  the  Lake  Superior  region 
from  Owen  to  Rominger,  viz,  that  in  the  Enstern  sandstone  we  have  to  do  with  the 
same  formation,  or  with  its  downward  continuation,  as  the  fossiliferons  Cambrian 
sandstone  which,  in  the  Mississippi  Valley,  forms  the  base  of  the  Paleozoic  column.^ 

The  Western  sandstones,  or  those  of  the  Apostle  Islands  and  the  ad- 
joining coast  of  Bajfield,  Douglas,  and  Pine  Counties,  are  composed  of 
a  horizontally  placed  sandstone,  closely  resembling  in  character  the 
Eastern  sandstone  of  Keweenaw  Point.  The  exposures  of  the  sand- 
stone are  almost  entirely  restricted  to  the  vicinity  of  the  shores  of  the 
lake,  on  the  mainland,  and  the  Apostle  Islands,  and  have  never  been 
seen  reaching  more  than  50  feet  above  the  lake  level.  Farther  irest, 
however,  in  Douglas  County,  the  horizontal  sandstone  reaches  to  360 
feet  above  the  lake.'  Prof.  Irving  states  that  the  prevailing  color  of 
this  rock  is  some  shade  of  red,  from  bright  brick  red  to  a  browtiish 
red  or  purplish  red.  Pinkish,  straw-colored,  and  even  nearly  pure 
white  varieties  occur,  either  blotching  the  ordinary  red  rock  in  small 
patches,  or  occurring  in  layers  fi*om  an  inch  to  2  or  3  feet  in  thickness. 
A  section  typical  of  many  of  the  cliff  exposures  of  the  lake  shore  is  as 
follows : 

Ft.  In. 

Red  marly  clay  (Quaternary) 5    0 

Shaly  sandstone,  in  layers  from  one-fonrth  td  one-half  inch  thick ; 
light  reddish  to  brown,  medinm-grained,  chiefly  made  np  of 

snbangnlar  quartz  grains 4    9 

Compact  sandstone 2    0 

Shaly  sandstone 0    3 

Compact  sandstone;  pinkish  and  moderately  coarse-grained, 
chiefly  made  up  of  quartz  grains,  but  many  white  clay  spots, 
indicating  the  decomposed  feldspar 2    0 

14    0 

The  shaly  and  massive  layers  are,  however,  not  constant,  and  either  wUl  grade 
into  the  other  in  a  short  distance,  the  shaly  kinds  being  often  merely  a  result  of 
weathering.  Often  the  massive  layers  have  a  thickness  of  5  feet  and  upwards,  and 
lie  together  in  considerable  thicknesses  without  intervening  thin-laminated  seams. 
In  many  places  round  bunches  of  red  clay,  from  an  inch  to  several  feet  in  diameter,  are 
seen  imbedded  in  the  massive  sandstone.    In  other  cases  the  clay  lies  in  limited  and 

iOp.cit,  pp.S51,862. 

*  The  Lake  Superior  Sandstone.  {Geology  of  the  BMtem  Lake  Superior  Distriot]  Gteol.  Wisooih> 
•hi,  ToL  3, 1880,  p.  207. 


WALCOTT.J  SUMMARY — ^LAKE    SUPERIOR   SANDSTONE.  337 

very  irregular  seaiiiH,  frooi  a  fraction  of  an  inch  to  seyeral  iuohes  thick.  Some  of  the 
round  clay  patches  appear  as  if  formed  by  the  decomposition  of  granite  or  gneiss 
bowlders  imbedded  in  the  sandstoDe  at  the  lime  of  its  formation  J 

In  speakiug  of  these  same  sandstones  Mr.  E.  T.  Sweet  says : 

In  regard  to  the  age  of  the  Lake  Supenor  eandstoneSf  but  very  little  in  deed  can  be 
learned  in  the  western  Lake  Superior  district.  So  far  as  my  observations  have  ex- 
tended, the  saudstoues  are  absolutely  devoid  of  organic  remains.  They  ai*e  removed 
many  miles  and  are  separated  by  intervening  older  formations  from  the  unmistak- 
iible  Lower  Silurian  strata. 

He  considers  it  has  been  conclusively  shown  that  the  sandstones  are 
of  more  recent  age  than  the  Keweenawan  strata.' 

Dr.  C.  Boininger  concluded  from  his  studies  of  the  Lake  Superior 
sandstone  that  its  Lower  Silurian  age  was  uueqnivocaHy  proved  by  its 
Htratigraphic  position.  In  its  whole  extent  it  is  visibly  overlaid  by  cal- 
careous ledges  containing  fossils  peculiar  to  t^e  Oalciferous  formation^ 
or,  in  other  cases,  by  the  Trenton  limestone.  He  describes  the  sand- 
stone east  of  the  Copper  Uange  of  the  Keweenaw  Point  and  divides  it 
into  two  sections,  an  upper  and  a  lower  one.    He  says : 

The  npper  section  is  composed  of  light-colored,  almost  white,  sandstones  of  geuerally 
soft,  friakble  nature.  The  lower  section  is  intensely  red  colored  by  iron  pigment,  and 
contains  varionshard,  compact  ledges,  which  are  valuable  building  stones.  West  of 
Marqnette  only  the  lower  section  of  the  group  is  developed;  east  of  it  the  height-s 
are  formed  by  the  npper  division;  the  lower  has  exclusive  possession  of  the  shoro  as 
far  as  Grand  Island  Bay.  East  of  Grand  Island  Bay  the  upper  division  eMiiks  down 
to  the  level  of  the  water,  and  only  in  limited  spots  the  lower  red-colored  strata  come 
to  the  surface' 

On  Laughing  Whitefish  River  a  section  as  determined  by  Dr.  Bom- 
inger  is  as  follows  in  ascending  order : 

Feet 
No.  1. — Alternations  of  thin-bedded,  hard,  often  micaceous  sandstone  slabs, 

with  arenaceous  shales  (as  exposed) 25 

No.  2. — A  fine-grained,  more  or  less  argillaceous  red  sandstone  in  layers  of 

Ito  3  feet  in  thickness  with  seams  of  red  shale^ 12 

No.  3. — A  hard,  coarser-grained,  red,  or  speckled  sandstone  in  heavy  ledges  np 
to  4  and  5  feet  in  thickness,  amounting  in  the  aggregate  to  15  or  20 
feet : 15-20 

No.  4. — Light-colored,  middling  soft  sandstone  in  thick  layers  with  seams  of 
quartz  pebbles,  followed  by  a  few  feet  of  a  dark  and  coarse  conglom- 
erate ;  thickness  not  accurately  ascertained 00 

No.  5.— A  series  of  thin-bedded,  soft,  whitish  sandstones,  each  layer  separated 

from  the  other  by  a  narrow  seam  of  blnish  shale 75-100 

No.  6. — Massive  soft  white  sandrook,  projecting  in  vertical  walls 50 

Directly  above  this,  strata  of  the  Oalciferous  sandrock  occur  with 
casts  of  rieurotomaria/ 

This  section  of  Dr.  Kominger's  is  not  altogether  complete,  but  it  shows 
conclusively  that  the  Lake  Superior  sandstone  in  the  vicinity  of  Mar- 

*  Lalce  Superior  sand/itone  [Geology  of  the  Weatern  Lake  Superior  district].    Goolo|cy  of  Wisoousin, 
Survey  of  187.V*70,  vol.  3,  18^,  pp.  208,  309. 
top.  eU.,  pp.  351,352. 

*F«leosoic  Rocks.    Geol.  Sorvey  Hichij^an,  Upper  Peninsula,  186t)-lir73,  vol  1,  pt  3, 1873,  pp.  80-8^ 
«  Op.  Git.,  pp.  88-90. 
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quette,  or  east  of  Marquette,  occnpies  the  exact  stratigraphic  position  of 
the  fossiliferons  St  Croix  or  "  Potsilani  ^  sandstone  of  Wisconsin.  The 
description  of  the  character  and  geologic  equivalency  of  the  sandstones 
of  the  south  shore  of  Lake  Superior  as  given  by  Prof.  Chamberlin  ac- 
cords with  the  view  I  had  formed  from  the  study  of  the  literature  per- 
taining to  the  subject.  Although  not  considering  it  proved  that  the  two 
sandstones  are  exactly  contemporaneous,  I  think  that  for  all  practical 
geological  classification  they  may  be  considered  equivalent  deposits. 
This  view  is  so  well  expressed  by  Prof.  Chamberlin  that  it  is  here 
quoted : 

Lake  Superior  sandstone. — The  aandstoneB  on  the  southern  side  of  the  Archean  Isl- 
and are  light-colored,  beiog  mainly  yellow  or  white,  varying  locally  to  pink,  brown, 
and  gpreen.  They  are  nowhere  bodily  dark.  An  easy  explanation  of  this  is  found  in 
the  fact  that  they  were  derived  from  the  light-colored  quart zose  and  granitic  rooks 
of  the  southern  face  of  the  land.  But  passing  around  to  the  Lake  Sui>erior  Basin  on 
the  northern  side  of  the  island,  where  erosion  preyed  upon  the  iron-bearing  members 
of  the  Hnrouian  series,  and  more  espeoiaUy  upon  the  traps,  sandstones,  and  shales  of 
the  copper-bearing  series,  the  resulting  beds  are  not  only  reddish  brown  in  color,  but 
contain  a  notable  ingredient  of  iron  and  of  shaly  material  derived  from  those  forma- 
tions. Indeed  the  deposit  bears  a  very  close  external  resemblance  to  the  sandstones 
of  the  Keweenawan  series,  and  the  two  have  been  considered  as  identical  by  able 
geologists. 

Concerning  the  distinctness  of  the  two  formations  we  entertain  no  doubtful  opin- 
ion. The  Potsdam  saudstone  is  habitually  horizontal,  while  the  Keweenawan  is 
tilted,  indicating  that  the  latter  partook  of  a  general  stratigrapical  movement  which 
did  not  atfect  the  former,  which,  consideriug  the  attendant  circumstances,  is  equiva- 
lent to  saying  that  the  horizontal  sandstones  were  not  then  in  existence.  The  obser- 
vations of  Mr.  Sweet  in  Douglas  County  are  further  proof  of  this.*  The  Potsdam 
sandstone  there  abuts  nnconformably  against  the  Keweenawan  traps  and  contains 
pebbles  derived  from  them,  showing  not  only  that  they  were  earlier  formed  but  that 
they  wore  tilted  and  extensively  eroded  at  the  time  the  horizoutal  sandstones  were 
formed.  The  local  disturbance  of  the  latter  dues  not  vitiate  the  force  of  the  evidence 
when  critically  considered.  Similar  phenomena  arc  presented  along  the  southeastern 
face  of  the  promontory  of  Keweenaw  Point.' 

Besides  these  stratigraplucal  ovitleuccs  of  distinctness,  the  microscopical  observa- 
tions of  Prof.  Irving  and  the  chemical  analyses  of  Mr.  Sweet  show  an  important  con- 
stit'itional  distinction  between  theiu.'  Whereas  the  Keweenawan  sandstones  are 
largely  nonquartzose,  the  horizontal  beds  are  highly  quartziferous. 

As  the  latter  are  traced  eastward  along  the  south  shore  of  Lake  Superior  they  are 
found,  according  to  Dr.  Romiiiger,  to  be  intcrstratified  with  and  graduated  into  the 
light-colored  sandstones  which  prevail  in  the  eastern  portion  of  the  upper  peninsula 
of  Michigan,  and  which  are  traceable  into  direct  continuity  with  the  light-colored 
sandstones  of  Wisconsin.  The  same  geologist  (as  also  Foster  and  Whitney)  is  author- 
ity for  the  statement  that  in  the  Keweenaw  Valley  Silurian  limestone  overlies  this 
sandstone. 

The  southern  light-colored  sandstones,  like  their  northern  equivalents,  abut  un- 


1  Geol.  Sarv.  Wis.,  vol  3,  pp.  340-347 ;  also  850-^52. 

'  This  has  recently  beeu  denied  by  Dr.  M.  E.  Wadsworth,  bat  more  recent  examination  by  experi- 
enced obsorveiB  shows  hiA  <liscussiou  of  the  subject  to  be  nioro  pronunciatiye  than  trustworthy.  BoL 
letin  of  the  Musenm  of  Comparative  Zoolopy,  at  Harvurd  College,  GeoL  Series,  vol.  1.  The  facts  ii^ 
detail  as  dotermioed  by  the  later  observations  will  be  found  in  Prof.  Irving's  forthcoming  nport  on 
the  copper- be;iriug  Borics. 

'  Geol.  Wis.,  vol  3,  pp.  15  and  350,  and  microscopical  PL  xiz  a. 
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cotirormably  against  eroded  cliffs  of  Keweeoawan  rock.  At  St.  Croix  Falls  light- 
colored  Pot«dam  sandstone  containing  characteristic  fossils  leposes  nnoouforniably 
upon  and  against  Keweeuawan  clifb  and  occnpies  depressions  and  valleys  fornie<l 
through  its  erosion.  Conglomerates  derived  from  it  mtkik  the  junction  of  the  two 
formations  and  contain  Potsdam  fossils.  Hand  specimens  may  be  obtained,  having 
Keweeuawan  rock  for  one  side  and  Potsdam  sandstone  containing  shells  of  LingulepU 
piunaftmnis  for  the  other.  The  phenomena  absolotely  forbid  any  explanation  based 
on  faulting  or  intrusion 

North  of  8t.  Croix  Falls  the  same  strata,  sustaining  a  like  stratigraphical  relation- 
ship (though  not  seen  in  actual  nnconformable  contact)  may  be  traced  more  than  half 
way  across  the  Keweeoawan  scries.  Passing  the  remainder  of  the  interval  to  Lake 
Superior  the  horizontal  red  sandstones  are  found  abntting,  in  similar  nnconformable 
contact,  against  the  eroded  Keweeuawan  series  as  above  stated.  The  accompanying 
section  iliuKtrates  the  general  relationship,  but  only  a  careful  stndy  of  the  dotails 
can  make  clear  the  fnll  force  of  the  evidence. 

When  to  thesis  considerations  there  are  added  others  less  susceptible  of  brief  state- 
ment, to  which  we  are  here  confined,  it  appears  that  the  distinctness  of  the  horizontal 
Lake  Superior  sandstone  from  that  of  the  Keweeuawan  system  and  the  correctness  of 
its  reference  to  the  Potsdam  series  is  sustained  by  a  weight  of  evidence  that  would  not 
be  seriously  questioned  but  for  complications  with  what  we  deem  the  misinterpreta- 
tions of  other  geological  features  of  the  Lake  Superior  region.  The  modifications 
which  the  formation  assumes  in  that  region  die  precisely  those  which  its  method  of 
derivation  demands.' 

CAHADIAM  BXTXHBIOH. 

On  the  geological  map  of  the  Dominion  of  Canada,  published  in 
1882,  the  Nepigon  series  of  rocks  is  colored  Cambrian,  both  on  the 
shores  of  Lake  Superior  and  about  Lake  Nepi^on.  This  is  in  accord- 
ance with  the  views  of  Dr.  A.  B.  C.  Selwyn. 

MISSOURI. 

The  Cambrian  rooks  in  Missouri  occur  in  the  southwestern  portion  of 
the  Btate,  about  the  Ozark  Uplift.  As  far  as  known  they  are  of  Upi>er 
Cambrian  age  and  consist  of  a  sandstone  that  occurs  beneath  the  third 
magnesian  limestone,  or  Calciferous,  and  the  fourth  magsesian  lime- 
stone of  the  Missouri  survey,  beneath  which,  according  to  Prof.  G.  C. 
Broadhead,  there  are  other  arenaceous  and  calcareous  beds. 

The  third  sandstone  is  doubtfully  identified  by  Mr.  F.  B.  Meek,  in 
Miller  County,  as  6  feet  of  white  sandstone,  composed  of  rounded  grains 
of  quartz  cemented  in  part  by  calcareous  matter.  Subjacent  to  this 
there  are  27  feet  of  hard  gray  and  light  flesh-colored  magnesian  lime- 
stones in  rugged,  irregular  beds  from  5  to  8  feet  in  thickness.'  In 
Morgan  County  the  third  sandstone  is  known  to  occur  at  a  few  locali- 
ties, where  it  varies  from  25  to  30  feet  in  thickness.  The  subjacent  fourth 
magnesian  limestone  forms  a  bluff  150  feet  high  above  the  Osage  Biver 
in  the  southwestern  part  of  the  county.' 

■General  seoloxy.    HIctorioal  geology.   P«leoioie  era.   Geology  of  WieooBein,  ■arrey  of  187S-187I^ 
rol.  1, 1S83,  pp.  122-124. 
*  Beporto  on  the  Geological  Surrey  of  tiie  Slftte  of  MiMOori,  186ft-1871,  IS73,  p.  127. 
•Op.  oU.,  p.  148. 
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In  Madison,  St.  Francois,  and  Iron  Counties,  Prof.  G.  G.  Broadhead 
found  beneath  the  tbiid  luagnesiau, limestone  the  following  downwanl 
succession : 

(3)  Siliccons  or  grit-stone  bed,  with  intercalated  maguesian  lime- 
stone. 
(2)  Marble  beds. 

(1)  Sandstones,  conglomerate's,  and  shales. 
In  No.  3  Ltngulella  lamborni  Meek  has  been  found.  The  marble 
bi'ds  or  No.  2  appear  to  be  confined  to  the  southwest  quarter  of  Madison 
and  the  central  and  northern  parts  of  Iron  and  extend  into  Bi^ynolds 
County.  The  greatest  thickness  is  not  over  30  feet,  and  they  are  not 
always  present. 

No.  1 18  coufined  cbiefly  to  the  northern  part  of  Iron  and  Madison,  extending  to  St. 
Fruncois.  The  entire  tbickuess  of  this  a8T\'e11  as  the  regular  order  of  its  variona 
beds  is  rather  difficult  to  arrive  at.  But  we  find  both  in  Iron  and  Madison  Counties 
course  conglomerates  resting  on  granite  and  porphyry.  We  also  fiud  saDdstoues, 
vrhioh  are  sometimes  very  coarse,  and  at  other  times  fine  grained,  resting  on  coii- 
glomerat-es.  We  also  find  shale  or  slate  beds  reposing  on  granite  and  underlying  sand- 
stone. Similar  shale  beds  are  also  intercalated  with  the  sandstone.  In  the  neigh- 
lM)rhood  of  Mine  La  Motto  this  sandstone  reaches  to  over  100  feet  in  thickness,  and 
is  also  found  to  be  the  lowest  rock  directly  resting  on  the  granite.  Borings  with 
diati'ond  drill  on  the  Mine  La  Motto  proi>ert.y  indicate  magnesian  limestone,  with  some 
siliceous  beds,  80  feet;  sandstone,  03  feet;  granite. 

On  St.  Francois  River,  in  Madison  County,  these  lower  sandstones  rest  directly  ou 
the  granite  and  are  unaltered;  on  Twelve-Mile  Creek,  Madison  County,  the  marble 
beds  and  sandstones  rest  unaltered  ou  the  poq»hyry,  and  on  Big  Creek,  Iron  County, 
heavy  beds  of  unaltered  magnesian  limestone  rest  directly  on  the  porphyry.^ 

At  the  deep  well  of  the  St.  Louis  County  insane  asylum,  beneath  the 
third  magnesian  limestone,  the  drill  passed  through,  going  down — 
98  feet  of  third  sandstone. 

384  feet  of  fourth  magnesian  limestone. 
54  feet  of  Potsdam  sandstone. 

At  the  base  of  the  sandstone  it  entered  what  was  supposed  to  be 
granite,  although  the  line  of  dcmarkation  between  the  sandstone  and 
the  granite  was  not  well  defined.* 

In  the  descriptive  geology  of  Madison  County  Prof.  Broadhead  states 
that  the  sedimentary  rocks  were  deposited  across  the  valleys  between 
the  mountains  and  the  hills  (that  is,  of  the  old  pre-Cambrian  laud  sur- 
face).   The  order  of  deposition,  commencing  at  the  oldest|  is — 

(1)  Sandstones,  conglomerates,  and  shales. 

(2)  Marble  beds. 

(3)  Grit-stone  beds  and  rough  beds  of  magnesian  limestone. 
Above  this  comes  the  magnesian  limestone  referred  to  the  Calciferous. 
In  the  vicinity  of  Fredericktown  there  is  a  series  of  grits  between  the 

gritstone  beds  and  the  superjacent  maguesian  limestone  in  which  Ltn- 
gulella lamborni  has  been  found.    It  is  stated  that  in  the  lower  portion 

>  Geological  Survey  Missouri,  including  field  work  of  1873-1874,  vol.  1, 1871,  pp.  31, 33. 
"Op.oit.,  p.3a. 
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of  tbe  magnesian  limestone  Lingvla  lamhorni,  Ortboceraa,  a  turbinated 
Gasteropod,  and  a  coral,  resembling  in  cross-section  a  Zapbrentis,  were 
observed.  He  states  that  probably  this  magnesian  limestone  can  also 
be  included  in  the  Potsdam  zone.*  This  includes  all  the  limestones  up 
to  the  base  of  the  recognized  third  magnesian  limestone. 

A  more  detailed  account  of  this  lower  marble  belt  is  given  by  the 
same  writer  in  a  description  of  the  marbles  of  southeastern  Missouri. 
The  most  typical  section  is  that  of  the  northern  part  of  Madison  Oounty, 
which  is  summed  up  as  follows : 

(1)  Magnesian  limestone. 

(2)  Eighteen  feet  of  thick  beds  of  silioeoas  dolomite  and  thin  shaly  limestone, 

with  lAngula  lambomi, 

(3)  Twenty- throe  feet  of  gritty  dolomite. 

(4)  Five  to  thirty  feet  of  marble. 

(5)  Five  to  forty  feet  (as  much  as  90  feet  near  Mine  La  Motte)  of  sandstone. 

(6)  A  few  feet  of  slaty  sandstone  resting  on  granite. 

The  presence  of  Lingula  lamborni  in  beds  a  little  above  the  marble  will  certainly 
assigu  the  marble  beds  to  tbe  Potsdam  group.* 

EASTERN  BOEDER  OR  ADIRONDACK  SUB-PROVINCE  AND  ITS  CANADIAN  EXTEN- 
SION. 

The  geographic  distribution  of  the  Potsdam  terrane  about  the  Adi- 
roudacks  is  delineated  on  the  geological  map  of  New  York  accompany- 
ing tbe  dual  report  in  1842,  and  that  of  the  Canadian  extension  on  the 
small  map  accompanying  the  1863  report  of  Sir  W.  E.  Logan  and  the 
large  map  of  Messrs.  Logan  and  Uall,  published  in  186().3 

On  the  western  side  of  the  Adirondacks  the  outcropping  of  the  sand- 
stone is  first  seen  in  the  northern  part  of  Lewis  County,  where  it  rests 
unconformably  upon  the  subjacent  Archean  rocks  and  passes  above 
into  the  calcareous  layers  of  the  Calciferous  formation.  The  outcrop 
broadens  to  the  north  in  Jefiferson  and  St.  Lawrence  Counties  and 
extends  around  the  northern  side  of  the  Adirondack  area  through 
Franklin  and  Clinton  Counties  to  Lake  Champlaiu.  The  exposures  on 
the  eastern  side  ai*e  more  or  less  interrupted,  and  rarely  occur  upon  the 
eastern  side  of  the  lake  in  Vermont,  except  in  Addison  and  Rutland 
Counties.  On  the  southwestern  side  outcrops  occur  in  Washington, 
Warren,  and  Saratoga  Counties. 

The  Franklin  and  Clinton  County  area  extends  across  the  boundary 
into  Canada,  forming  quite  an  extended  exposure  within  the  triangle 
formed  by  the  St.  Lawrence  and  the  St.  John's  Bivers  and  the  bound- 
ary, and  at  one  point  it  crosses  to  the  north  of  the  St.  Lawrence  Eiver. 
From  St.  Lawrence  County  the  sandstone  crosses  the  river  and  extends 
along  the  western  side  of  the  Ottawa  Basin. 


'  Geological  Snrvey  Misnontl,  incliidlnpc  field  work  of  1873-1874,  toI.  1, 1874,  pp.  357, 358. 
*Miirlilv  of  SoiitliCHSt  MisMoiiri.    Kauiiaa  City  Ileview.  vol.  5, 1882,  pp.  525,  520. 
■Gt^olu^iral  map  of  Cauatla  aD<l  part  of  tbe  United  States  from  HuUmou's  Bay  to  Virginia  and  trom 
Uie  libeouri  Uivor  to  Newfouudlaud.    ifootreal,  1866. 
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The  typical  sections  are  those  of  Potsdam,  in  St.  Lawrence  County; 
Ghateangay  Chasm,  in  Franklin  Coanty;  An  Sable  Chasm,  in  Esses 
Connty,  and  Greenfield,  in  Saratoga  County,  in  the  State  of  New  York, 
and  Hemmingfonl,  in  Canada. 

Section  at  Potsdam. — At  the  type  locality  of  the  terrane  at  Potsdam, 
in  St.  Lawrence  County,  there  are  but  60  or  70  feet  of  the  rock  exposed. 
It  occurs  in  layers  from  an  inch  or  two  in  thickness  up  to  2  feet,  and 
the  general  color  of  the  mass  is  yellowish  brown  to  reddish  brown,  par- 
ticularly the  latter  color  in  the  thicker  layers. 

Section  at  Ckateaugay  Chasm. —  At  Chateaugay  Chasm,  Franklin 
County,  one  of  the  best  sections  of  the  formation  upon  the  northern 
sloi^es  of  the  Adiroudacks  is  exposed.  I  studied  it  in  1888  and  fonnd 
that  5  miles  south  of  the  Ogdensbnrg  and  Lake  Champlain  Railway 
the  prc-Cambrian  rocks  are  to  be  seen  on  the  hills  west  of  the  river  and 
in  a  few  small  outcrops  about  one-half  a  mile  to  the  north.  It  is  a 
bedded,  reddish  gneissoid  and  hornblendic  rock,  probably  of  Algonkian 
age.  Nearly  one  mile  south  of  these  outcrops  the  Potsdam  sandstone 
appears  in  the  bed  of  the  river,  with  a  northwest  dip  of  about  3^.  The 
exposures  increase  rapidly  in  thickness,  and  bluffs  from  50  to  75  feet 
in  height,  formed  of  evenly-bedded  layers,  rise  above  the  water.  The 
river  has  worn  a  canon  through  these  beds  for  three-quarters  of  a  mile 
down  to  a  mill  and  pond,  where  the  cliffs  break  away,  and  the  strata, 
losing  their  dip,  continue  to  the  south,  in  nearly  horizontal  beds,  to  the 
crossing  of  the  railroad  embankment. 

The  fall  in  the  river  bed  is  rapid,  ahd  at  the  High  Falls  of  the  Cha- 
teaugay Chasm  a  bluff' of  125  feet  rises  from  the  foot  of  the  falL  The 
lower  35  feet  of  the  section  is  formed  of  coarse  reddish  and  gray  sand- 
stone in  massive  layers.  At  the  Narrows,  three  fourths  of  a  mile  far- 
ther down  the  stream,  the  lower  beds  are  75  feet  in  thickness  and  pass 
into  massive  bedded  grayish  and  buff-colored  sandstones  that  break  up 
into  thinner  layers  on  exposure  to  the  action  of  the  weather.  Many  of 
the  massive  beds  are  made  up  of  irregular  cross-bedded  layers:  this  is 
best  seen  about  a  mile  below  the  falls.  The  strata  below  assume  a  south- 
westerly dipof2oto3o,  which  carries  the  entire  sandstone  formation  be- 
neath a  hard  light  gray  sandstone  a  little  north  of  the  mouth  of  thechasm. 
One  hundred  and  fifty  feet  of  sandstone,  not  included  in  the  section 
above  the  railroad  embankment,  is  exposed  in  the  chasm  and  25 
feet  of  the  npper  beds  occur  below  the  mouth  of  the  chasm.  This  gives 
a  total  thickness  of  250  feet  of  sandstone  as  the  known  thickness  of 
the  Chateaugay  section.  To  this  there  is  to  be  added  an  unknown 
amount  at  the  base  and  25  feet  of  passage  beds  between  the  upper  sand- 
stone and  Calciferous  sandrock,  to  be  seen  just  above  the  entrance  of 
Marble  Kiver  into  the  Chateaugay. 
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SECTION.  "" 

(From  the  base  upward.) 
,  Feet 

(1)  Coarse  sanrlstone  with  occasional  layers  of  couj^lomerate  near  the  base 75 

Colur  reddish  brown  near  the  baso^buff,  gray /and  bnff  and  gray,  spotted 
with  grains  of  reddisli  brown  sand.  Textnre  compact  and  hard,  with 
bands  of  a  soft  friabln  nature. 

(2)  Massive  bechled,  grayish  and  half,  rather  coarse  sandstone,  many  of  the  lay- 

ers cro8s-be<U1ed 150 

(3)  Compact,  fine-grained  white  sandstone,  some  of  tho  layers  of  whicli  are  dis- 

colored and  broken  by  small  reddish  brown  cavities.  Ling uUpis  acuminata. 
ciocars  in  the  nppi^r  portion,  and  10  foet  higlior  up  Ophilela  compacta, 
JHkelocepkalaa  si^^t  I'tychaspia  B^.^ 25 

The  stratigrapliic  exposures  .ire  not  coiitinuons^  the  section  being 
broken  in  places  by  concealment  ander  the  drift.  Nos.  1  and  2  are 
fairly  well  connected  by  litliolo«:i:ic  features  and  No.  3  rests  on  typical 
strata  of  No.  2,  only  a  short  distance  intervening  between  the  outcrops. 
No.  3  is  well  sliown  on  Marble  River  one  mile  southeast  Of  the  Gha- 
teaugay  Chasm,  and  the  Oalcifeious  saudrock  is  shown  a  little  farther 
ilown  the  stream.  The  species  found  in  the  upper  part  of  No.  3  are 
identical  with  those  found  in  the  limestones  of  the  Upper  Cambricin  in 
Saratoga  County,  New  Yo  k  and  fully  prove  that  the  fauna  of  the 
Potsdam  sandstone  is  the  same  as  that  of  the  St.  Croix  sandstones  of 
Wisconsin. 

Section  in  Uemmingford, — To  the  northeast  of  Chateaugay,  across 
the  boundary,  in  Bemmingford,  Canada,  a  section  of  the  sandstone 
according  to  Sir  W.  E.  Logan,  is  540  feet  \n  thickness.  On  the  south 
side  of  Uemmingford  Mountain  about  ISO  feet  of  a  coarse  gray 
sandstone  are  visible,  in  some  parts  constituting  a  conglomerate,  with 
rounded  i)ebbles  of  white  quartz,  varying  in  diameter  from  an  eighth 
to  three-quarters  of  an  inch,  while  in  some  parts  of  the  rock  there  are 
thinly  disseminated  flat  piecas  of  black  or  green  shale  1  or  2  inches 
in  diameter  by  an  eighth  of  an  inch  thick.  The  general  color  of  the 
rock  is  gray,  but  greenish  and  re<ldish  beds  occur,  and  the  three  col- 
ors sometimes  follow  one  another  in  thin  stripes  with  various  alterna- 
tions. Above  the  strata  of  the  ravine  the  hill  contains  about  120  feet 
of  gray  sandstone,  the  lower  half  of  which  is  rather  coarse  grained,  and 
below  the  same  strata  240  feet.  Neither  the  base  nor  the  summit  of 
the  sandstone  was  observed.^  Farther  to  the  north  along  the  shore  of 
the  St.  Lawrence  occur  the  celebrated  fossil  track  localities  described 
by  liOgan. 

Section  atKeeseville  and  in  Au  Sable  Ghasm. — About  one-quarter  of  a 
mile  above  the  village  of  Keeseville,  on  the  Au  Sable  River,  a  rounded 
boss  of  granite  shows  on  the  south  bank.  Nearly  400  feet  lower  down 
the  stream,  on  the  opposite  side,  an  evenly  .bedded  and  cross  bedded 

■  Geological  Surrey  of  CiusMla :  Report  of  Progrosst  fnim  ltd  ouiaiuoucenieat  to  1803.    Montreal,  18C3, 
p.88. 
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compact  gray  sandatono  occurs,  lying  in  nearly  horizontal  beds.  Lower 
down  tbey  dip  3^  to  5^  to  the  northeast.  This  dip  increases  to  7^  to 
8^  at  the  iron  bridge.  Following  across  the  strike  down  the  stream  to 
where  the  beds  are  horizuntal,  above  the  entrand^  to  the  Chasm,  the 
measured  section  shows  333  feet  in  thickness  from  near  the  granite  to 
tlie  highest  be<ls  observed. 

Tlie  section  a.s  measured  ff'om  the  mouth  of  the  Au  Sable  Chasm  to 
the  summit  beds  above  the  fault  is  as  follows: 

SKCTIOH. 

Feet. 

(1)  Compact,  fine-grained,  steel-gray,  b a flf,  and  light  gray  sandstone,  in  layers 

from  6  inches  to  5  feet  in  tbickness  (20  layers).... 45 

Strike  N.  30°  E.    Dip.  5°  E. 

(2)  Miisdive  layers,  light  gray,  fine-grained  sandstone,  very  hard,  breaking  np 

info  thin  layers,  i  to  3  Inches  thick 6 

(3)  Compact,  gray  sandstone  in  three  layers;  1  foot  5  inches,  1  foot  6  Inches, 2 

feet  I  inch 5 

(4)  Light  gray  and  bnff  sandstone,  throe  layers 4*6 

(&)  Light  gray  compact  sandstone,  with  Lingulepis  acuminata^  Conrad 1 

Strike  N  30©  E.    Dip  5°  E.,  at  foot  of  rai>ids. 

(H)  Light  gray,   fine-grained,  compact  sandstone,  in  la3^ers  varying  from  6 

inches  to  18  inches  in  thickness 6 

17)  Of  the  same  general  character  as  6,  in  massive  layers,  breaking  np  into  thin 
layers  on  exposare.  Occasional  layers  contain  many  small,  fiat  concre- 
tions of  clay  shale  and  also  fragments  of  Lingolopis.  At  34  feet  from 
the  base  HyoUthts primordialxH  f  and  Lingulepis  acuminata  occnr  near  the 
boat-landing  in  the  Chasm.  Thirty-five  feet  higher  npin  the  same  light 
gray  compact  sandstone  L.  antiqua  occurs  in  association  with  Plychoparia 
minuia I. 117 

At  this  line  a  fanlt  breaks  the  section  with  a  down  throw  to  the  north- 
east. The  river  and  Oliasm  follow  the  fault  from  the  Elbow  to  the 
Devil's  Oven,  where  the  section  is  taken  up  again. 

(1)  Massive  layers  of  light  gray,  hard,  compact  sandstone.    Prof  R.  P.  Whitfield 

found  at  this  burizon  Palmacmaa  iypicat  Ptychoparia  minuta 30 

(2)  Evenly  bedded  gray,  bnff,  and  yellowish  sandstone,  hard,  compact  and  in 

layers  1  to  4  feet  in  tbickness 165 

(3)  Thinner  be<lded  gray  and  bufi' sandstone,  with  Protichnites  tracks  above  the 

mill-dam  and  above  the  bridge  at  Birmingham 45 

Strike  NE.;  dip  5°  SE. 

Ripple  marks  are  very  nnmerons  and  Lingulepis  acuminafa  is  abnndant  15  feet 
above  the  Protichnites  bed,  and  extends  about  25  feet  to  the  top  of  the  section. 
Some  of  the  layers  are  a  little  calcareous  and  full  of  annelid  trails  and  borings. 

Estimating  the  amount  of  repetition  of  strata  in  the  two  sections 
there  remains  a  lower  series  of  210  feet,  and  an  npper  of  140  feet,  or  a 
total  thickness  of  350  feet  with  the  summit  and  base  of  the  formation 
unseen. 

Section  at  Whitehall. — There  is  a  fine  section  exposed  at  Whitehall, 
Now  York,  that  serves  to  correlate  the  sections  of  Chateaugay  and 
Au  Sable  Chasm.  At  the  former  the  upper  fauna  is  present  and  at 
Au  Sable  Ghasm  the  Ptychoparia  minuta  subfauna.    At  WhiteDall  the 
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upper  fauna  occars  in  the  upper  portion  of  No.  17  of  tlio  fol1owin«:  sec- 
tion and  the  lower  in  the  lower  part  of  No.  15.    This  is  the  relative 
po8ition  of  the  same  subfannas  in  the  Wisconsin  section. 
Section  beginning  below  lower  lock  of  canal  at  Whitehall : 

Ft  In. 

(1)  Massive  beddod,  compact,  dark  steel  gray  sandstone,  almost  a  qnartsite.    25    0 

(2)  Darkclay  shale 0    6 

(:$)  BInish  gray,  brecciated  limestone 0    6 

(4)  Fine  grained,  compact,  steel  gray  limestone 1    0 

(5)  Compact,  arenaceons  limestone 3    0 

(6)  Compact,  fine  grained,  steel  gray  sandstone  in  layers  of  6  incites  to  3  feet. 

Partings  of  coarser  sandstone  and  small,  flattened  clay  concretions 
occur,  also  streaks  of  light-oolore^l  sandstone  in  the  layers,  and  cross- 
bedding  is  of  common  occurrence 14    5 

Annelid  trails  on  the  surface  of  the  layers. 
Strike  N.  20°  E. ;  dip  6°  to  8°  E. 

(  7)  Calciferous  sandstone  in  one  layer 2    7 

(  8)  Fine  grained,  compact,  steel  gray  sandstone 20    0 

(  9)  Thin  bedded  sandstone  and  clay  shale... 1    3 

(10)  Conip<ict,gray  and  purplish,  fine  grained  sandstone,  streaked  with  dark 

sandstone  and  shaly  matter ;  slightly  calcareous  in  places 16    6 

(11)  Dark  gray  cnlciferons  layers,  weathering  to  a  reddish  brown  sandstone..      2    0 

Annelid  trails  and  borings. 
(V2)  ( I  r.iy,  compact  sandstone 1    3 

(13)  Dark  gray,  calciferons  layers,  weathering  to  a  reddish  brown  sandstone.      1    4 

Annelid  trails  and  borings. 

(14)  Hard,  compact,  gray  sandstone,  in  evenly  bedded  layers  0  inches  to  3  feet 

in  tliickuess  of  the  division  of  the  typical  Potsdam  sandstone.  Sum- 
mit near  crossing  of  private  roadway 59    8 

(l.^)  Sandstones  similar  to  14,  bnt  with  few  alternating  calcareous  layers;  the 
calcareous  matter  duconi posing  and  leaving  streaks  of  reddish  and 

brown  rocks  in  the  layers 113    0 

Ripplo  marks  occur  on  the  surface  of  m<iny  layers  and  annelid 
trails  on  the  calcareous  strata.    About  30  feet  up  found  PalcBaomaa 
iifpica,  H.  and  W. 
Strike  250  E.;  diplOOE. 

The  light  gray  compact  limestone,  with  the  little  flattened  concre- 
tions of  clay  and  the  cross-bedding,  give  this  portion  of  the  section  a 
striking  resemblance  t«)  that  of  the  upper  150  feet  of  the  Keeseville 
section. 

(IG)  Lead  colored  calciferons  sandstone,  weathering  rough 0    5 

(  17)  Alternating,  gray,  compact,  fine  grained  sandstone,  reddish  coarse  sand- 
st-one  and  finer  calcareous  sandy  layers.  Lingulepia  acmninata  and 
PtychupaHa  sp  f  occur  in  the  upper  layers,  about  40  feet  up 70    0 

332    5 
Calciferoua. 

(\fi)  Calciferons  sandstone  with  a  massive  bedded  light  gray  compact  sand- 
stone; at  top  10  fee(  thick 40 

The  npper  30  feet  of  17  and  all  of  18  may  be  considered  as  the  pass- 
age b^ds  to  the  calciferous  sandstone  above. 

(1)  Lead  colored,  massive  bedded,  calciferons  sandstone 230 

(2)  Lead  colored,  brecciate<l  limestone  overlain  by  a  compact  light  gray  lime- 

stone      20 

290 
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Section  at  Saratoga, — The  section,  as  determiued  north  and  west  of 
Saratoga  Sjirings,  and  north  as  far  as  Goiinth,  New  York,  has,  at  the 
base,  about  200  feet  of  evenly  bedded,  compact,  grayish  to  yellowish 
colored  sandstone,  that  rests  nncouforuiably  against  or  upon  spnrs  or 
ridges  of  preCambrian  gneiss.  Including  the  upper  beds  of  sand- 
stone, the  section  3  miles  north  of  Saratoga  village  gives  in  ascending 
order: 

Feet. 

(1)  Sandstone 40 

(2)  Oolitic  limestune.... 30 

(3)  Dark  gray,  evtnly  bedded  limestone 50 

(4)  Unfoasiliferoas,  irapare,  compact^  more  or  less  siliceous  lime- 

stone    95 

(5)  Massive-bedded,  slightly  magnesian,  gray  and  dove  colored 

limestones  with  numerous  small,  uarrow-chambered  cephal- 

opods  near  the  summit 35 

(6)  Massive  layers  of  steel-gray,  more  or  less  arenaceous  lime- 

stone   125 

(7)  Bird's-eye  limestone •. 6 

(8)  Black  River  limestone 4 

(9)  Trenton  limestune 40 

The  limestone  (2,3)  capping  the  sandstone  (1)  of  the  section  is  also  found  at 
Wliitchall  and  at  Cuuistock's  Landing,  Washington  County,  New  York,  where  it  has 
been,  as  was  the  limestone  (2,3),  referred  to  the  Calciferous.  The  iimestono  2  and  3 
appears  to  have  been,  on  the  southwestern  side  of  the  Adirondack  MountaiuR,  the 
closing  deposit  of  the  Cambrian;  and  there  is  but  little  doubt  that  if  we  could  find 
a  fanna  in  the.limestone  (4)  of  the  section  it  would  serve  to  connect  the  Cambrian 
and  Lower  Silurian  (Ordovician)  faunas.^ 

The  following  fauna  was  found  in  No.  3  of  the  section: 

Cryptozoa  pro] i fern m.  Billingsia  saratogensis. 

Lingulepis  acuminata.  Matthevia  variabilis. 

Platycerasminntissimum.  Dikelocephalus  hartti. 

hoyti.  speciosus. 

Metoptoma  comntiforme.  Ptychoparia  calcifera. 

simplex.  (A.)  saratogensis. 

The  comparison  of  the  Chatoangay  Chasm  section  with  that  of  Sara- 
toga County  proves  very  clearly  by  the  included  faunas  that  the  Pots- 
dam epoch  closed  on  the  south  side  of  the  Adiroudacks  with  a  deposit 
of  limestone  carrying  the  Dikelocephalus  fanna.  It  is  found  in  the 
upper  beds  of  the  quartzite  on  Marble  lliver  in  the  township  of  Cha- 
teaugay^and  in  each  section  the  Calciferous  formation  is  superjacent  to 
the  closing  epoch  of  the  Potsdam. 

The  greatest  depth  reached  in  the  formation  is  that  of  the  section  of 
Hemmingford  Mountain.  Unfortunately  this  section  has  not  been 
studied  so  as  to  determine  whether  there  is  any  fauna  present  in  the 
sandstones.  The  section  at  An  iSable  Chasm,  however,  shows  that  a  sec- 
ond horizon  of  the  Upper  Cambrian  fanna  occurs  about  the  Adirou- 
dacks. This  Is  the  zone  of  Ptychoparia  minuta,  corresponding  to  the 
zone  of  Ptychoparia  minor  of  the  Wisconsin  section. 

'  Second  oontribntion  to  the  stadies  of  the  Cambrian  faunas  of  North  America.    U.  S.  GeoL  Surrey 
BuU.  Kg.  30,  1886.  p.  2S. 


WALcoTT.l  SUMMARY — SOUTH    DAKOTA.  347 

The  presence  of  the  Potsdam  terrane  on  the  south  side  of  the  Adi* 
rondacks,  along  the  valley  of  the  Mohawk«  has  not  been  positively 
proved.  At  Little  Falls  a  thin  layer  of  sandstone,  rostin<^  aiiconforin* 
ably  n|>on  the  pre-Paleozoic  rocks  and  beneath  the  Galciferons  saudrock, 
has  been  referred  to  the  Potsdam.  The  discovery  by  Profs.  Shaler  and 
Williams  of  a  thin  layer  of  shale,  resting  upon  this  layer  of  sandstouo, 
on  the  north  side  of  the  river  at  Little  Falls,  in  which  speciuieuB  of 
Litigulepis  octfintHa/a  occur/ lends  more  authority  for  the  statement  thnt 
the  Potsdam  is  present;  but  as  the  species  Lingulepis acuminatavs^ufse^ 
np  into  the  Calciferons  sandrock,  both  at  Whitehall,  New  York,  and 
on  the  north  side  of  the  Adirondack  Mountains  in  St.  Lawrence  County, 
it  is  doubtful  if  we  can  claim  the  presence  of  the  Potsdam  at  any  point 
iu  the  Mohawk  Valley.  There  is  not,  however,  any  definite  reason  why 
a  thin  bed  of  it,  with  the  typical  Potsdam  fauna,  should  not  be  found 
beneath  the  Calciferons,  if  it  is  not  concealed  by  the  overlap  of  the 
superjacent  CalcifiTous  and  Trenton  terranea. 

The  sediments  of  the  Adirondack  sub- Province  and  its  Canadian  ex- 
tension, with  a  single  exception,  were  accumulated  in  a  sIimIIow  sea  not 
far  removed  from  the  shoreline.  Kipple-marked  sandstones  and  trails 
of  marine  invertebrates  occur.  The  sandstone  is  relatively  line  grained 
with  the  exception  of  a  sniali  deposit  of  eonglonnrate  in  St.  Lawrence 
County,  N'ew  York.  The  formation  belongs  to  the  Upper  Cambrian, 
and  overlaps  upon  the  sloping  shores  of  the  pre  Cambrian  land.  The 
one  exception  to  the  arenaceous  deposit  are  the  limestones  in  Saratoga 
County,  New  York,  which  were  deposited  on  sandstone  and  overlap  on 
to  the  piH)  Cambrian  rocks.  The  fauna  of  the  limesti)ne  is  the  same  as 
that  of  the  quartzite  at  Marble  River,  near  Ch'ateaugay  Chasm,  on  the 
northern  side  of  the  Adirondacks. 

WBSTBRN  BORDER  OR  ROCKV  MOUNTAIN  SUBPROVINOB. 

This  includes  the  Cambrian  ro(5ks  of  South  Dakota,  southern  central 
Montana,  central  and  northwestern  Wyoming,  and  Colorado. 

SOUTH  DAKOTA.  • 

The  chief  summary  of  our  knowledge  of  the  Cambrian  rocks  of  the 
Black  Hills  of  Dakota  is  taken  from  the  reports  of  Messrs.  Newton  and 
Carpenter.  The  sandstone  i<lentitied  as  the  "  Potsdam  "  is  the  lowest 
member  of  the  fossiliferous  series,  and  in  numerous  and  excellent  ex- 
IK)sures  its  character  and  relations  are  easily  determined  and  studied. 
Jt  everywhere  rests  unconformably  upon  the  upturned  edges  of  the  un- 
derlying Algonkian  slates  and  schists,  filling  up  irregularities  in  their 
surfaces,  and  its  b:vsal  member  is  generally  formed  of  coarse  materials 
derived  from  the  erosion  of  the  subjacent  rocks.  Consisting  mainly  of 
coarse  and  friable  sandstones,  with  conglomerates  easily  eroded,  it 
covers  superficially  very  limited  areas. 

By  a  reference  to  the  geological  map  accompanying  the  report  of  Mr. 
Henry  Newton  the  exposui*es  of  the  '^  Potsdam  "  sandstone  will  be  seen 
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to  rnrin  i\  very  narrow  bniul  surrouiHling  the  "Arcliean''  area.  Though 
essentially  a  sandstone  formation  it  has  some  variety  of  composition. 
Usually  it  carries  a  conglomerate  at  the  base,  but  this  is  sometimes  ex- 
changed for  a  dense  quartzite,  and  in  many  places  there  are  interstrati- 
tied  beds  of  qiiattzite.  In  a  few  localities  the  formation  is  quite  calca- 
reous and  in  a  great  number  it  contains  peculiar  greensand  deposits. 
Its  thickness  is  quite  uniform,  ranginsf  generally  from  200  to  250  feet, 
but  attaining  to  300  feet  ou  the  north  branch  of  Bod  water  Creek.  Com- 
plete sections  from  the  ^^Archean  "  to  the  Carboniferous  are  rarely  met 
with,  but  one  measured  in  the  eastern  caSon  of  Spring  Creek  by  Mr. 
Jeuuey  is  as  follows :  ^ 

Archean. 

Feei 

(1)  ArgUlaoeous  slates,  dipping  60^  west 

Potsdam. 

(2)  Brownish  yellow  conglomerate,  with  qnartz  pebbles,  resting  nnconformably 

on  1  and  dipping  25^  northeast US 

(3)  Reddish  brown  sandstone,  thinly  bedded  at  ba^se  and  alternating  with  soft, 

shaly  sandstones,  containing  large  fncoids,  Lingnlepis,  and  fragments  of 
trilobites 200 

Carhoniferout, 

(4)  Reddish  brown,  or  pinkish  calcareous  sandstone,  thinly  bedded,  containing 

Spirifera  camerataf  oyathophylloid  corals,  and  crinoid  columns 20 

(5)  Limestone:  Spirifera  oamerataf  PTodnctn%,  etc 335 

Many  details  are  given  of  the  local  phen<^iena  presented  by  the  sedi- 
mentation and  mode  of  occurrence  of  this  formation ;  extended  com- 
parisons are  made  between  it  and  the  correlated  sandstones  about  the 
Big  Horn  and  Wind  Kiver  Mountains  of  Wyoming,  the  sandstones  of 
the  Mississippi  Valley,  and  the  typical  Potsdam  sandstone  about  the 
Adirondacks  of  New  York. 

The  following  is  a  list  of  the  fossils  found  in  the  sandstone  and 
ideiftified  or  described  by  Prof.  R.  P.  Whitfield :  * 

FaliBochorda  prima.  Lingnlepis  dakotensis. 

Palicoph^cus  occidentalist  Obolns  f  pectenoidea. 

.   Pal  ieoph yens.  Obolella  polita. 
Scolithus.  nana. 

Lingnlepis  pinnaformis.  Crepicephalus  centralis. 

cuneolus.  planus. 

perattennatns. 

Prof.  P.  R.  Carpenter  describes  the  **  Potsdam"  in  the  Black  Hills  as 
follows : 

The  present  site  of  the  uplift  existed  as  a  slowly  sinking  island  in  the  Potsdam 
ocean,  probably  the  last  surviving  land  of  a  vast  area  eroded  and  submerged  by 

>  Newton,  Ilonry :  Geology.    Report  on  the  Black  Hills  of  Dakota.     17.S.Geo£.siid  6eoL  Barvej 

of  the  Rocky  Monutain  region,  J.  W.  Poweli  in  charge,  1880,  p.  8& 
»Op.cit„p.l07. 
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Ibe  advancing  waters.  The  base  of  the  Potsdam  entirely  aronnd  its  ontcrop  is 
a  coiigloinorato.  The  ocean  advanced  upon  the  land  with  an  action  that  has  been 
aptly  termed  that  of  a  horizontal  saw.  The  clitfs  wore  undermined  by  its  action, 
Ibe  debris  thus  formed  worn  to  bowlders^  to  gravel,  and  to  sand.  As  the  shore-lino 
advanced  and  a  given  point  became  farther  from  land,  it  received  finer  and  finer  sedi- 
ments, until  sedimentation,  in  this  area  at  least,  entirely  ceased.* 

He  calls  atleution  to  the  fact  tbat  the  saDclstone  thins  out  towards 
tlie  central  portion  of  the  Black  flills  aplift.  Near  Harney  Peak  the 
last  outliers  are  about  50  feet  thick  between  the  unconformable  sub- 
jacent '^Archean"  rocks  and  the  undisturbed  conformable  8UX)erjacent 
Carboniferous  limestone. 

WYOMINO. 

There  has  been  comparatively  little  detailed  information  published 
relating^  to  the  Cambrian  rocks  of  the  Big  Horn  Mountains.  Dr.  F.  Y. 
Hayden  visited  the  range  in  1861  and  found  the  nucleus  composed  of 
red  feldspathic  granite  and  a  series  of  stratified  Azoic  rocks.  Restin;; 
on  these  occur  the  sandstones  which  are  referred  to  the  ^^  Potsdam." 
He  found  a  few  thin  layers  of  line  calcareous  sandstone  filled  with  fos- 
sils characteristic  of  the  period.'  These  were  studied  by  F.  B.  Meek, 
who  identified  Conocoryphe  and  perhaps  Dikelocephalns.^ 

According  to  Prof.  T.  B.  Comstock,  the  sandstone  referred  to  the 
Potsdam  attains  a  thickness  of  about  200  feet  in  the  region  of  the  Wind 
Itiver  Mountains,  and  above  the  sandstone  on  the  eastern  side,  along 
the  central  portion  of  the  range  is  a  series  of  limestones  resting  on  the 
sandstone,  having  a  thickness  of  about  200  feet.  From  specimens  col- 
lected in  the  limestone  he  identified  a  trilobite  of  the  genus  Dikelo- 
cephalus,  several  specimens  of  what  was  supposed  to  be  Orthis  tritonia^ 
and  a  quantity  of  a  species  of  Theca.^  As  far  as  Prof.  Gomstock's  ob- 
servatious  extende<l  the  sandstone  rested  unconformably  upon  the  sub- 
jacent metamorphic  rocks.^  On  the  map  accompau^ung  the  report  the 
*'  Potsdam  "  formation  is  represented  as  occurring  all  along  the  eastern 
side  of  the  Wind  Hiver  range,  and  also  along  the  central  i)ortion  of  the 
western  side.  The  latter  occurrence,  however,  is  denied  by  Dr.  A.  C. 
Peale.^  Dr.  Hayden  noted  in  1862  the  presence  of  a  sandstone  resting 
upon  the  vertical  edges  of  the  Azoic  clay  slate  series  in  the  Laramie 
Mountains,  which  he  referred  to  the  age  of  the  Potsdam  sandstone. 


■Notes  on  ibe  geolofry  of  the  Black  Hills.     Prelim iDory  Bep.  Dakota  School  Mines,  on  the  Black 
Hills  of  DakoU,  1888,  p.  31. 

*  ]£ayden,  F.  V. :  Sketch  of  the  (Eoolojiry  of  the  country  aboat  the  headwaters  of  the  Missouri  and 
Yi'llowstone  Rircrs.    Am.  Jour.  Sci..  2*1  ser. .  toI.  31,  1801,  p.  234. 

'Mook.  F.  B. :  Prrliininary  paleoDtologioal  report  with  remarks  on  the  ages  of  the  rooks,  etc.    U. 
8.  Ocol.  Surv.  of  the  Terr..  Sixth  Ann.  Rep.,  1873,  p.  465. 

*  Geological  l(«>port.     Report  upon  the  reconnoissanoe  of  northwestern  Wyoming,  made  in  (he  suoi< 
mcr  of  1873,  by  WUllam  A.  Jones.     1874,  pp.  lOS-110. 

*Op.  cit..p.  100. 

*  Report  on  the  geology  of  the  Green  River  district.    U.  S.  Geol.  Surv.  of  the  Xoit.,  11th  Ann.  Rep.| 
J879,  p.  524. 
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nltliougU  no  organic  remains  were  foan<1.    In  the  viciaity  of  the  head- 
waters of  the  Niobrara  River  he  measured  a  s<M;tion  as  follows: 

( 1 )  Quart 7.oavi  .sAn<lstono,  soino  parU  filled  with  {lobbies 22 

(*2)  Red  tiixillaceoiis  slato 5 

(•S)  Suiiilstoiie,  diiH  reddish  fomigiuons,  like  bed  1,  above 37 

(4)  A  suiii'H  of  strata  more  or  less  hu'liuod,  composed  of  gneiss  with  silvery  mica 
ill  large  plates,  mioaceous  and  talcoso  slates,  white  qaartz,  etc. 

He  states  further  that  he  has  no  doubt  the  Potsdam  sandstone 
oecnrs  in  the  form  of  an  outcropping  belt  all  along  the  Laramie  range 
of  mountains,  althongh  he  was  unable  to  discover  any  organic  remains. 
He  correlated  it  with  the  Potsdam  on  the  evidence  afforded  by  the 
Black  Hills  section  of  Dakota.  The  occurrence  of  the  sandstone  at 
this  horizon  is  noted  by  him  at  numerous  localities  on  the  flanks  of  the 
Laramie  Mountains.^  In  opposition  to  the  view  of  Dr.  Hayden  may 
be  cited  that  of  Mr.  Arnold  Hague,  who  states  that  alt  paleontologicHl 
evidence  obtained  from  the  beds  associated  with  the  qnartzite  and 
above  them  tend  to  show  that  they  belong  to  the  Goal-Measure  lime- 
stone.' 

In  1871  Dr.  Hayden  found  Obolella  and  a  Lingnia  in  a  considerable 
thickness  of  Potsdam  sandstone  on  the  south  side  of  the  Sweetwater 
Ui  ver,  near  the  southeastern  termination  of  the  Wind  River  Mountains, 
thus  establishing  by  paleontologic  evidence  the  Upper  Cambrian  or 
Potsdam  age  of  the  sandstone  referred  to  that  horizon  in  18G1.^ 

A  small  area  of  paleozoic  rocks  on  the  northwestern  end  of  the  Wind 
River  range  ha«,  according  to  Prof.  Orestes  St.  John,  a  sandstone  at 
the  base  that  rests  on  the  Archean.  It  is  coarse  grained,  grayish,  buff, 
reddish  stained,  thin  bedded,  with  oblique  laminates!  layers  and  locally 
quartzitic.  The  greatest  exi)0sed  thickness  of  this  bed  probably  does 
not  exceed  50  feet.  Its  exact  relation  to  the  underlying  Archean  rocks 
and  to  the  superjacent  strata  referred  to  the  Quebec  was  not  deter- 
mined.^ On  the  diagrammatic  section  accompanying  the  report  forma- 
tion No.  2,  or  the  Potsdam,  is  represented  as  resting  unconformably 
npon  the  A^rchean  and  conformably  subjacent  to  limestones  referred  to 
the  Quebec. 

The  Cambrian  strata  of  northwestern  Wyoming  are  contained  within 
the  district  of  the  Teton  range,  Gros  Ventre  range,  and  the  Buffalo 
Fork  Mountains,  all  of  which  are  reported  ui)on  by  Prof.  St.  John.  He 
quotes  Prof.  Bradley  in  relation  to  the  lower  quartzite,  stating  it  to  be  a 
very  compact  ferruginous  quartzite,  with  a  thickness  of  from  50  to  75 
feet.    Above  this  occurs  about  300  feet  of  sandstone  strata  on  the 

<  Hayden.  F.  Y. :  The  Primordisl  Saudstone  of  tbe  Rocliy  Honntalns  io  the  Northwestern  Territories 
of  tbe  United  States.    Am.  Joor.  ScL,  2d  series,  vol.  33, 1862,  pp.  70, 71. 

'Descriptive  Geology.    U.  S.  Geol.  Expl.  of  the  Fortieth  Par. ;  vol.  2.    Washington,  1877,  p.  76. 

*  Report  of  F.  Y.  Hayden  (on  the  geological  survey  of  Wyoming).  U.  S.  Geol.  Snrv.  of  the  Terr., 
4th  Ann.  Rpp.,  1871,  p.  33. 

<IloiM)it  ou  tbe  geology  of  tbe  Wind  Kivcr  Uisliict.  V.  S.  Gcol.  Surv.of  tbe  Torr.,  12th  Aon.  Rep., 
1883,  p.  253, 
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higher  slopes  of  the  moautains,  according  to  Prof.  Bradley,  in  thcTctoti 
rauge.  The  same  series  of  deposits  evidently  occurs  in  the  Gros  Ventre 
range,  and  in  the  Buffalo  Fork  Peak  upliit.  In  the  Gros  Ventre  range 
the  quartzttes  were  seen  in  immediate  contact  with  the  unconformable 
Archean  schists.^ 

The  superjacent  limestone,  called  the  "  Lower  Quebec  limestone'^  by 
Prof.  St.  John,  occurs  in  the  Teton  rauge  and  the  Gros  Ventre.  But 
it  is  in  Buiialo  Fork  Peak  that  the  best  section  was  obtained.  Here 
there  is  an  exposed  thickness  of  from  50  to  75  feet  of  bluish  and  dark 
drab,  brecciated,  thin  bedded,  rough  weathering  limestone,  above  which 
occurs  what  he  calls  the  passnge  beds  to  the  "  Upper  Quebec  limestone.^ 
These  beds  are  yellowish,  arenaceous,  micaceous  clay,  with  indurated 
layers  charged  with  a  small  oibiciiloid  shell  and  thin  layers  of  dirtj'  drab 
limestone,  the  weathered  surfaces  of  whidi  are  crowded  with  the  frag- 
mentary remains  of  trilobites  and  other  fossils.  Among  others  there  have 
been  identilied  the  genera  Gouocoryphe  and  Dikelocephalus.  The 
opi)er  portion  of  the  deposit  is  here  composed  of  bluish  drab  shales  and 
brownish  gray  shaly  sandstones.  It  reaches  a  probable  thickness  be- 
tween 100  and  200  feet. 

The  superjacent  limestone  called  the  *'  Upper  Quebec  limestone  ^ 
shows  almost  the  same  development  in  the  Teton  and  Gros  Ventre 
ranges  and  the  Mount  Putnam  area  of  Idaho.  The  rock  consists  of 
generally  thin  bedded,  fragmentary,  sometimes  brecciated  iimcsloncs, 
color  gra3%  grayish  buff,  and  pinkish,  carrying  small  sized  tiilobitesand 
a  gasteropod  resembling  Eaphistoma.  In  the  Teton  range  the  series 
of  rocks  has  a  thickness  of  100  feet  or  more,  and  forms  mural  exposures 
on  the  canon  walls. 

A  review  of  the  reports  of  Messrs.  Bradley  and  St.  John  shows  that 
the  Upper  Cambrian  horizon  is  to  be  recognized  in  the  Teton,  Gros 
Ventre,  and  Buffalo  Peak  Mountains,  and  that  it  is  composed  of  a  basal 
zone  of  varying  thickness,  upon  which  rests  a  limestone  carrying  Up- 
per Cambrian  fossils.  This  limestone  is  the  equivalent  of  the  ^^  Lower 
Quebec  ^  of  Prof.  St.  John's  section.  His  "  Upper  Quebec ''  is  to  be 
referred  to  the  base  of  the  Lower  Silurian  (Ordovician)  or  correspond- 
ing to  the  Galciierous  zone  of  the  New  York  section. 

COLORADO. 

The  identification  of  rocks  of  Cambrian  age  in  Colorado  has  been 
made,  witli  one  exception,  upon  stratigraphic  and  lithologic  evidence. 
The  exceptional  instance  is  that  mentioned  by  Mr.  S.  F.  Emmons,  who 
found  a  distinctly  Upper  Cambrian  genus,  Dikelocephalus,  in  a  bed  of 
greenish  chloritic  shale  that  he  assumed  to  occur  above  the  main  body 
of  the  quartzite  and  near  the  base  of  the  transition  series  that  passi  s 

I  Report  of  the  ^e9lo^t<»(l  fiold  work  of  the  Teton  dWiakm.    U.  S.  GeoL  Sur.  of  the  Terr..  Uth  Ann. 
Bop.,  1870.  p.  Ml, 


352  THE   CAMBRIAN.  [buu^SL 

into  the  Silurian  liniestouc'     lie  describes  the  strata  in  the  Mosquitu 
range  referred  provisionally  to  the  Cambrian  as  follows: 

The  bods  assi^^notl  provisoriiy  t-o  this  horizon  •  •  •  ^re  pn)vai1iD«;Iy  of 
qiiartxite.  To  tbeiu,  ilioreforey  tbo  lociil  utiiiie  of  Lower  Quartzite  has  beeu  gi^'eo. 
Tbere  average  ibickuess  is  about  150  feet  to  200  feet,  of  which  the  lower  100  feet  are 
composed  of  finely  aud  rather  tbiuly  bedded  white  sacchnroidalqiiurtzites,  while  the 
upper  itO  feet  are  sbaly  in  cbaiacter  aud  more  or  less  argillaceous  an«l  calcareous, 
passing  by  almost  impeixeptiblo  transition  into  the  siliceous  limestone  of  the  Siluriau 
formation  above. 

At  the  very  base  of  the  series,  at  the  oontaot  with  the  underlying  Archean,  wlierever 
this  could  be  observed,  is  found  a  persistent  bed  of  tine  grained  conglomerate,  from 
a  few  inches  to  a  foot  in  thickuess,  made  up  of  rounded  and  finely  polished  grains  of 
bluish  translucent  quartz,  generally  not  larger  than  a  pea  in  size.  Above  this  is  a 
white  qnartzite  of  remarkably  uniform  and  persistent  character,  always  very  readily 
distinguishable  as  a  white  baud  in  the  numerous  sections  offered  by  the  cahou  walls 
of  the  range.  Its  thickness,  when  measured  on  the  west  side  of  the  range  or  near  the 
fc«a\viitch  Island,  is,  as  meutioneil  above,  100  feet  of  purely  siliceous  beds.  On  theeat»t 
side  of  the  range  the  thickness  seems  somewhat  to  dimiuisb,  and  in  places  was  found 
to  be  only  40  feet.     •     *     • 

Owing  to  their  similar  lithological  character  and  to  the  general  absence  of  fossil 
evidence  it  is  difficult  to  establish  a  hard  aud  fast  line  between  this  and  the  succeed- 
ing formation  above.  In  practice  the  line  has  been  drawn  at  the  top  of  the  sbaly 
beds,  and  the  commencement  of  the  beds  ot  more  massive  limestone.  The  transition 
beds  consist  essentially  of  alternating  bauds  of  calcareous  qnartzite  and  shales.  The 
name  sandy  limestones  is  oft«n  applied  to  thoni  for  the  reason  that  on  weathered 
surfaces  of  the  cliff  faces  they  appear  like  sandstones,  the  carbonate  of  lime  having 
been  entirely  washed  out,  and  only  the  fine  qnartz  grains  left  on  the  thin  surface 
crust.* 

As  already  stated,  the  only  fossil  remains  found  in  this  series  occor 
in  a  bed  of  greenish  chloritic  shales  on  the  east  flank  of  Quandary  Peak, 
about  a  mile  above  the  Monte  Cristo  mine.  They  belong  to  the  genus 
Dikelocephalus,  aud  closely  resemble  Dikelocephalna  yninnesoiensuf  of 
the  Potsdam  formatiou  of  Wisconsin.  This  band  of  shales  was  not 
found  in  stratigraphic  relation  to  tlie  quartzite  of  the  limestone  of  the 
sections  already  mentioned,  but  it  occurs  above  a  heavy  white  qnartz- 
ite and  beneath  a  bed  of  white  marbleized  limestone;  aud,  from  anal- 
ogy with  other  sections,  Mr.  Emmons  thinks  it  safe  to  assume  that  it 
occurs  above  the  main  body  of  quartzite  and  near  the  base  of  the  trans- 
ition series.' 

For  the  purpose  of  comparison,  a  section  was  measured  by  Mr.  Whit- 
man Gross,  in  William's  Canon,  near  Maniton  Springs.  Of  this  section 
Mr.  Emmons  says: 

The  purely  siliceous  beds  at  the  base  are  much  thinner  than  in  the  Mosqhitb  Range, 
thegreatest  thickness  found  being  50  feet.  They  are  succeeded  by  calcareous  sand- 
stones and  shales  of  variegated  colors,  red  prevailing,  which  pass  up  into  white  or 
drab  Hmo^toncH,  sometimes  containing  chert  secretions  and  alternating  with  sbaly 
beds,  with  an  aggregate  thickness  of  about  200  feet.  These  beds  may  l>e  consideretl  aa 
the  equivalents  of  the  lower  quartzite  aud  white  limestone  of  the  Mosqnito  Range.^ 

>  Geology  and  minlDg  indastry  of  Losdville,  Colorado.    U.  S.GeoL  Surv.,  lionograpfa,  vol.  12,1886^ 
p.  GO. 

>  Op.  olt,  pp.  58, 60.  •Op.  cit,  p,  00.  «Qp.  oit.,  p.  62. 
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From  the  east  bank  of  Trout  Creek,  iu  Manitou  Park,  Mr.  Gross  ob- 
tBiuecl  fossils  from  a  reddish  brown  saudstoiio,  45  feot  above  the 
Archeau,  among  which  an  elongate  form  of  Liiigulepis,  allied  to L.  pin- 
naformis  pi  the  Potsdam  sandstone  of  Wisoonsiii,  occurs.  From  the 
red  calcareous  sandstones,  alternating  with  white  limestone,  105  to  122 
feet  above  the  Archean,  the  fauna  is  the  type  of  that  of  the  lower  por- 
tion of  the  Lower  Silurian  (Ordovician). 

Two  sections  measured  on  Trout  Creek  by  Dr.  A.  C.  Peale  gave  the 
following  results:^ 


1.  Granitic 

2.  YcUow  sandstouo 

3.  Pinlcittb  BnndHtone 

4.  Dark,  pnrpIiBli  bn>wD  sandstono 

5.  Green  liandstouo 

6.  Rlood-red  calcareous  saudstono. 

7.  Pink  HniostoDes 


^^Beds  No.  6  and  7  are  fossiliferous  and  belong  in  all  probability  to 
the  Quebec  group,  while  the  sniuUstones  below  are  Potsdam."  A  lis^t 
of  fossils  is  given  as  coming  from  No.  7  which  indicates  a  grouping  of 
Cambrian  and  Silurian  (Onlovician)  genera  unknown  elsewhere. 

Dr.  F.  M.  Endlich's  synopsis  of  the  rocks  of  the  Potsdam  group  found 
io  Colorado  sums  up  all  that  was  known  to  him  of  the  principal  local- 
ities and  the  character  and  thickness  of  the  stiata.  Seven  localities 
are  mentioned,  as  follows:^ 


p 

S 
o 

.•s 

o 

PL4 


r  Lime  Creek 

Eagle  River 

Four-mile  Creek 

Tront  Creek 

North  of  Mount  Oaniy. . 
Near  Canyon  City 


,Glen  Eyrie 

Average  thickucBS  of  strata 


Wliite  sandstone  and  (|tiartzito 

W hite  qnartzitcs 

Kcd  :iiid  )>iiik  KnndKtoiieH and  i]nnr(/Jtcs... 

Yollow  and  pink  8:iijdKtnni'H 

Wliittj  and  pink  cinar^zitcH. 

Variegated  niicaceons  and  calcareous  saud- 

stoncM. 
IKmI  sandstones  aud  quart zitcs 


Feet. 


250 

liOO  to40U 
KM)' 

2(K) 


40 


180 


That  the  Upper  Cambrian  zone  is  represented  is  fairly  well  proved 
by  the  Mosquito  Range  section  and  that  of  Tront  Oreeit  of  tlie  Colorado 
Kange,  and  it  is  very  probable  that  the  sandstones  correlated  with  the 


*  B«port  of  A.  C.  rcilo,  M.  D.,  Goolof^lst  of  tho  Soutli  Park  Division.    U.  S.  Geol.  Burr,  of  the  Terr., 
Tib  Ann.  Rep.,  1874,  p.  'lOK 
> Report  of  F.  M.  Emllicb,  GeoIoKist  of  the  Whito  Kivcr  Diviaioo.    U.  S  Geol.  Surv.  of  the  Terr.,  10th 
Rep.,  1878,  p.  130. 
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Potsdatn  really  belong  withiu  the  Upper  Cambrian  liorizoD.  From  our 
present  knowledge  the  Upper  Gambriun  zone  is  the  only  portion  of  the 
group  represented  in  Colorado. 

The  Cambrian  rocks  iucladed  within  the  States  of  Colorado,  Wyo- 
ming, Montana,  and  South  Dakota  are  of  the  type  of  those  of  the  south- 
ern Interior  Continental,  Upper  Cambrian  series,  and  consist  usually  of 
a  bed  of  quartzite  or  conglomerate,  resting  nnconformably  upon  the 
Algoukian  or  Archean,  and  passing  above  into  calcareous  beds  that 
frequently  carry  the  Upper  Cambrian  or  Potsdam  fauna.  This  is  the 
case  with  the  formation  about  the  Big  Horn  Mouutaius,  Wind  River 
Mountains,  and  the  Teton  and  Oros  Ventre  ranges  of  Wyoming.  In 
some  instances,  however,  a«  about  the  Black  Hills,  a  fauna  occurs  in  the 
basal  sandstone  similar  in  character  to  that  of  the  St.  Croix  sandstone 
of  the  upper  Missi^«sippi  Valley.  Traces  of  a  fauna  were  found  in  Colo- 
railo,  at  Quandary  Peak,  in  a  schistose  rock  that  is  supposed  to  occur 
just  above  the  quartzite. 

SOUTHWESTERN  SUB  PROVINCE. 

The  widely  separated  areas  of  Cambrian  rocks  in  Centml  Texas  and 
northwestern  Arizona  are  united  in  one  sub-province  on  account  of  their 
similarity  in  stratigraphic  po&>itiou,  general  sedimentation,  and  faunas. 

TEXAS. 

With  the  exception  of  the  doubtful  occurrence  of  the  Upper  Cambrian 
zone  as  a  sandstone  in  the  Organ  Mountains  of  son tli  western  Texas,  as 
mentioned  by  Mr.  W.  P.  Jenney,  the  Cambrian  formation  is,  a8  far  as 
known,  confined  to  the  Paleozoic  uplift  in  the  central  part  of  the  State 
that  includes  Llano  County  within  its  central  portion. 

A  section  of  the  formation  measured  by  Dr.  B.  F.  Shumard  in  Bur- 
net County,  5  miles  northwest  of  the  town  of  Burnet,  is  as  follows:  * 

Feet. 

.No.  l.—Solt, chalky  limestone  with  well  marked  cretaceous  fossils 50 

No.  2.— Gray  uiid  bluish  gray  hard  linicHtono,  of  a  saudy  texture^  in  beds  from  a 
few  inches  to  a  foot  thick,  aud  contaiuiug  Arionelhit  {liathyurusf) 
planus^  Bathifurua  depressusj  Camerelia  sp.,  Orihis  coloradoettsiSf  OrtkU 

sp.T,  Diacina  mivroscopicay  and  Lin^nfa  sp.f 81 

No.  3.— Mottled  gray,  purple,  aud  greenish,  earthy  and  snbcrysfnilino  limestone, 
with  alternating  bands  of  siliceous  limestoue — cou tains  the  same  fossils 

as  No.  2 45 

N(».  4.— Slope  with  projecting  ledges  of  No.  3 55 

No.  5. —Slope HA 

No.  G. — Schistose  coarse  textured  limestone,  made  up  of  crystalline  particles  and 

abounding  with  fragments  of  trilobites^  chiefly  Ariouellus 20 

Total 275 

I  Tiio  Primordial  Kono  of  Texas,  with  deeoriptiona  of  new  fossils.  Am.  Joar.  Sci.,  2d  ser.,  vol.  33  1861, 
p.  210. 
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A  secoDd  section^  taken  about  1  mile  south  of  the  prccediDg,  is  also 
quoted,  as  it  carries  the  series  down  to  the  granite :  ^ 

Feet. 
No.  I. — Cretaceous  strata  i a  horizontal  beds • 110 

No.  2. — Slope,  covered  with  conglomerate,  composed  of  pebbles  of  sandstone  and 

cilciferotis  sandrock,  rather  firmly  cemented 12 

No. 3. — Potsdam  sandstone,  consistioj;  of. thin  layers  of  variegated  green,  gray, 
and  purplish  sandy  Limestone,  with  bands  of  dolomite  and  silico-cal- 
careons  rock  interstratified.  Some  of  the  beds  are  highly  charged  with 
trilobites,  of  which  the  most  cominon  are  Ariohellu8  texauM,  Dikelooe- 
phalus  roemeri,  and  ConocephaHtes  billingn 40 

No.  4.— Highly  ferrngiuons  siliceous  sandntone,  oompo!$ed  of  fine  grains,  loosely 
cemented,  passing  downwards  into  coarse  gritstone  and  conglomerate. 
The  upper  beds  contain  Lingnla  and  Obolu8(f) 60 

No.  5. — Flesh  colored  grauite,  interst ratified  with  veins  of  milky  quartz 6 

From  the  sectioMB  it  will  be  observed  that  the  strata  consist  largely 
of  limestone,  with  a  bed  of  sandstone  at  the  base. 

The  section  of  Packsaddle  Mountain,  in  Llano  Gounty,  in  the  valley 
of  Honey  Creek,  is  given  svs  follows  by  Mr.  C.  D.  Walcott  in  188^ :' 

Feet. 

SssPotsdam  limestone 60 

4  =  Potsdam  sandstone 30 

3  =  Potsdam  limestone....^ 310 

2  =  Massive  Potsdam  sandstone 205 

1  =  Llano  group. 

605 

The  faana  collected  included  12  genera  and  25  species,  all  character- 
istic of  the  Upper  Cambrian  zone. 

A  comparison  of  the  Texas  section  with  that  of  the  Grand  Canon  of 
the  Colorado,  in  northern  Arizona,  leads  to  the  conclusion  that  they 
belong  to  the  same  area  of  sedimentation.  In  each  a  massive  sand- 
stone at  the  bi^e  is  subjacent  to  alternating  sandstotios  and  limestones 
that  carry  essentially  the  same  fanna.  The  sections  of  the  lower  sand- 
stones of  the  eastern  slopes  of  the  Rocky  Mountains  partake  somewhat 
of  this  character,  especially  those  of  the  Big  Horn*  range  in  Wyoming. 
In  Wisconsin,  etc.,  the  calcareous  beds  of  the  Texns  section  are  absent, 
but  the  presence  of  the  Dikelocephalus  fauna  at  the  summit  of  each 
series  above  a  zone  carrying  what  may  be  called  the  Ptycliopana  minor 
fauna,  proves  that  the  life  of  the  two  areas  continued  on  in  the  same 
succession  despite  the  change  in  sedimentation  and  environment. 

In  a  report  on  the  Cambiiau  system  Prof.  T.  6.  Comstock  concludes 
that  at  loiist  two  and  probably  three  series  of  Cambrian  strata  are 
represented  in  central  Texas.^  To  the  basal  beds  he  gives  the  name 
Hickory  series  (Lower  Cambrian  Y).  For  the  second  horizon  the  name 
Biley  series  (Middle  Cambrian  Y),  and  for  the  upper  series  tlie  name 

*Op.cit  p.  217. 

'  Note  on  Paleosoio  rooks  of  eoDtral  Texns.    Am.  Jour.  Soi.,  3(1  ser.,  vol.  28, 18R4,  p.  433. 
*  A  preliminary  report  on  tlie  geolojcy  of  the  central  mineral  region  of  Texas.    Idt  Ann.Bep.  Geol. 
SoiT.  of  Texas  for  1888-'90,  pp.  28S-291. 
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Eatcmcy  (Potsdam)  series  (Upper  Cambrian  Y).  This  upper  series  is 
divided  into  Division  A,  the  Potsdam  sandstone ;  Division  B,  the  Pots- 
dam flags ;  Division  G,  the  Potsdam  limestone. 

ARIZONA. 

As  far  as  known  the  Cambrian  rocks  of  Arizona  are  confined  to  the 
sections  exposed  by  the  Grand  Canon  of  the  Colorado  and  along  the 
southwestern  margin  of  the  great  Colorado  Caiion  plateau. 

A  section  measnred  near  the  head  of  the  Grand  Cation  has  300  feet 
of  sandstone  at  the  base  that  rests  nnconformably  upon  the  snbjacent 
Algonkian  (Chnar)  formation.  Above  the  sandstone  there  are  700  feet 
of  alternating  sandstones,  shales,  and  limestones  throughout  which  fos- 
sils of  the  Upper  Cambrian  zone  have  been  found.  These  inclnde  the 
genera  Cruziaua,  Lingulepis,  Ipbidea,  and  Ptychopa^ia.  At  the  summit 
of  the  lower  sandstone  a  small  group  of  fossils  was  found  which  includes 
the  genera  Oleuoides,  Ptychoparia,  Lingulepis,  and  Leperditia.  The 
upper  part  shows  dose  relation  to  that  of  the  Potsdsim  sandstone  hori- 
zon of  central  Nevada,  the  Mississippi  Valley,  and  Nev  York,  while 
that  of  the  lower  zone  or  the  summit  of  the  sandstone  is  more  nearly 
related  to  that  of  the  Middle  Cambrian  zone  of  the  Southern  Appa- 
lachians. There  is  a  large  quantity  of  material  in  the  laboratory  of  the 
U.  S.  Geological  Survey  yet  remaining  to  be  studied,  but  I  think  these 
conclusions  will  not  be  materially  changed. 

At  the  mouth  of  Kanab  Creek,  west  of  the  Kaibab  Plateau,  there  arc 
100  feet  of  arenaceous  and  micaceous  shales,  subjacent  to  a  massive 
stratum  of  mottled  limestone.  In  the  lower  450  feet  of  the  latter  and 
in  the  arenaceous  shale  fossils  were  found  similar  in  character  to  those 
of  the  upper  portion  of  the  section,  as  seen  near  the  head  of  the  canon. 
They  include  Lingulepis,  Hyolithes,  and  Ptychoparia. 

The  section  at  the  mouth  of  the  Grand  Canon,  as  given  by  Mr.  A. 
li.  Marvine,  is  as  follows :' 

Ve«t 
Bed  wall  limestones. 

ToDto  marble  limestonea 

JGreen \     ^ 

' ]  Snaffcolored 90 

[Green 415 

Tonto  saudstone 80 

Granite 90 

Mr.  Marvine  says  that  in  going  southward  from  the  mouth  of  the 
cafion  the  Tonto  shales  seem  to  diminish  in  thickness,  and  at  Tiunnkali 
Springs  they  are  estimated  at  less  than  400  feet.  A  few  miles  south 
of  this  point  they  were  still  thinner,  being  estimated  at  less  than  100 
feet.    The  Tonto  sandstone,  however,  has  increased  much  in  thickness 

and  forms  the  greater  portion  of  the  section. 

— ■ « 

'  Report  on  tlie  kooIokj  of  ronte  from  St.  Georgo,  Utah,  to  Gila  Kiver,  Arisana,  examined  in  1871. 
Rep.  on  Geofi.  and  Geol.  Expl.  and  Surv.  weak  of  lOOUi  merid.,  in  cliArge  of  Lieut  Geo.  H.  Wheeler, 
Tol.  3,  Geology,  18'i5,|».  189. 
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On  the  atlas  sheet  issaed  by  the  Wheeler  Sarve3^  in  1874  the  Silnrian 
(which  also  incladed  the  Tonto  formation)  is  represented  as  extending 
from  the  head  of  the  Grand  Oanon  along  the  entire  course  of  the  cation 
to  its  mouth,  and  thence  southward  along  the  western  margin  of  the 
Colorado  plateau  to  Music  Mountain,  where  the  outcro|>  broadens  out 
and  extends  soutliwest  along  the  south- 
western margin  of  the  plateau.  The  most 
southeastern  outcrop  is  on  the  Kio  Verde 
River  near  the  lower  end  of  Williaratown 
Valley. 

In  all  the  sections  on  the  line  of  the 
Grand  Canon  and  the  western  and  south- 
western margins  of  the  Colorado  Plateau 
the  Tonto  sandstone  rests  uucomformably 
upon  either  Algonkian  or  Archean  rocks. 
In  its  greatest  development  the  formation 
attains  a  thickness  of  1,000  feet  and  rep- 
resents the  Upper  Cambiian  zone,  and 
possibly  in  the  lower  portion,  the  Middle 
Cambrian. 

r£sum£. 

The  sediments  of  this  province  are  those 
deposited  as  the  sea  advanced  slowly  upon 
the  land  and  distributed  the  debris  worn 
from  iter  brought  in  by  tributary  streams 
as  layers  of  sand  along  the  coast  line  and 
in  an  adjoining  shallow  sea.  From  Ari- 
zona to  Texas,  to  Missouri,  the  Black 
Hills,  and  the  eastern  margin  of  the  Rocky 
Mountains,  and  all  along  the  northern  line 
in  Minnesota,  Wisconsin,  Michigan,  Can- 
ada, and  the  Adirondacks  of  New  York 
the  record  is  the  same — sandstones  resting 
upon  pre-Cambrian  rocks  and  carrying 
essentially  the  same  fauna,  in  some  re- 
gions the  depth  of  water  increased  more 
Fiipidly  and  calcareous  deposits  accumu- 
lated upon  the  sand,  as  in  Arizona,  Texas, 
the  Black  Hills,  and  in  some  localities 
along  the  eastern  base  of  the  Rocky 
Mountains.  That  the  sea  was  shallow,  wide  spread,  and  advancing 
along  a  great  extent  of  coast  line  is  shown  by  the  sediments  and  (he 
presence  of  a  similar  fauna  in  New  York,  the  Upper  Mississippi  Valley, 
the  Black  Hills,  the  eastern  front  of  the  Rocky  Mountains,  and  far  to 
the  south  in  Texas  and  Arizona.     All  over  this  broad  area  the  rela- 
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tive  stratigraphic  sttccesaioii  of  tbc  subdivisions  of  t]ic  Upper  Cam- 
brian fauna  is  the  same;  and  nowbere  do  we  know  of  tbe  existence  of 
formations  cbaracterized  by  tbe  Lower  and  Middle  Cambrian  faunas 
of  tbe  Atlantic  coast,  Appalachian  and  Rocky  Mountain  provinces, 
except,  perbaps,  the  Middle  Cambrian  fauna  in  the  southwestern  Interior 
Continental  sub  Province. 

In  the  Atlantic  Coast  Province  the  basal  beds  of  the  Olenellus  zone 
rest  unronformably  upon  Archean  and  Algonkian  rocks.  The  sea  de- 
posited the  Cambrian  sediments  across  the  upturned  edges  of  theLaa- 

rentiaii  and  those  of  the  superjacent 

bedded  sandstones,  quartzites,  argil- 

litos,  and  slates  forming  the  Algon- 

ic  ^  kian  series,  which  Dr.  Murray  referred 

pMci         ^^mm^f        ^m^'^    to    the    IJuronian.     The    upper    St, 

^  28  21  John's  slates  carrying  the  Aspidelia 

Fig.  5.-s«ctioifs  of  the  Interior  Continental    wcrc  also  planed  away  by  the  Cam - 

Province,  in  tbe  Boutu  central  and  south-    ^riau  Sca.    lu  the  Interior  Continental 

weatom  portionfl.  j  »»• 

Province  m  Wisconsin  and  Minnesota 
tbe  Upper  Cambrian  sandstones  are  unconformably  superjacent  to  tbe 
corresiK>uding  series  of  rocks,  or  the  Laurentian,  Huronian,  and 
Keweenawan  series  of  tbe  Lake  Superior  region.  In  the  first  instance 
the  earlier  Cambrian  sea  transgressed  upon  the  pre-Cambriau  rocks,  and 
in  tbe  latter  case  the  later  or  closing  epoch  of  the  Cambrian  was  the 
one  in  which  the  deposits  were  accumulated  upon  the  Archean  and 
Algonkian  rocks.  A  misapprehension  of  these  facts  has  led  several 
geologistB  to  refer  the  Keweenawan  and  other  pre-Cambrian  rocks  to 
the  Cambrian. 

DBSCKIPTION  OP  PLATE  I.  • 

GeograpKie  diatribHtian  of  ike  Cambrian  8irata  ahoion  by  $urface  ouieropa  in  North 

Awnerioa. 

The  geologic  provinces  are  indicated  by  the  dotted  lines.  The  Interior  Continental 
Province  is  broken  up  into  sub-provinces  and  these  are  united  by  a  lighter  dotted 
line.    The  provinces  are : 

A. —Atlantic  or  Eastern  Border  Province, 
a.  Eastern  or  Nova  Scotia  Basin. 

d.  Southeastern  Newfoundland,  eastern  New  Brunswick,  and  Massachu- 

setts Basin. 

e.  Interior  deposits  of  Gasp^,  Quebec,  Maine,  New  Hampshire,  Vermont, 

and  Massachusetts. 
B.— Appalachian  or  Interior  Eastern  Border  Proyinoe. 
C— Rooky  Mountain  or  Western  Border  Province. 
D. — Interior  Continental  Province. 

D>.  Central  Interior  or  Upper  Mississippi  and  Missouri. 
D*.  Eastern  Interior  or  Adirondack  of  New  York,  and  Canada. 
jy.  Western  Interior  or  Dakota,  Wyoming,  etc. 
D^.  Southwestern  Interior  or  Arizona  and  Texas. 
The  outlines  of  the  provinces  are  drawn  so  as  to  include  the  outcrops  known  at 
present.    They  are  arbitrarily  assumed,  as  we  do  not  know  the  ezaet  limits  of  the 
original  Cambrian  sedimentation. 
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Owing  to  tbo  nncertainty  as  to  tlie  Cambrian  age  of  the  outcrops  of  Nova  Scotia, 
Maine,  New  Hampshire,  and  north  into  Canada,  the  indicated  areas  npon  the  map 
have  horizontal  black  lines  to  distingnish  them  from  the  known  Cambrian  rocks. 

SYNOPSIS  OF  THE   CAMBRIAN  GUOUP. 

The  coordination  of  the  Cambrian  gronp  in  America,  with  the  pri- 
mary subdivisions  of  the  Paleozoic — Silnrian,  Devonian,  and  Carbon- 
iferons—is  largely  a  development  of  the  past  deeade.  Although  strongly 
advocated  by  Dr.  T.  S.  Hunt  and  used  by  Sir  J.  W.  Dawson  in  1872, 
and  the  Fortieth  Parallel  Survey  in  1878,  Lc  Conte's  Elements  of  Geol- 
ogy of  1878  mentions,  but  does  not  use  the  name  in  classification,  and 
Dana's  Manual  of  1876  classes  the  "  Primordial  or  Cambrian  ''  as  the 
lowest  formation  of  the  Silurian. 

To-day  the  group  is  firmly  establisheil  by  (a)  the  presence  in  the 
Rocky  Mountain  province  of  0,000  feet  of  limestone  with  10,000  feet  or 
more  of  qujirtzite  beneath ;  (b)  in  the  Appnlfichian  Province  by  over 
12,000  feet  of  quartzit^,  shales,  slates,  and  limestones ;  (c)  a  continental 
distribution;  (d)  a  characteristic,  highly  difierentiated  faunsi. 

The  various  formations  referred  to  the  group  are  mentioned  in  the 
following  table.  In  some  instances  it  is  not  practicable  clearly  to  de- 
fine by  name  the  exact  limitations  of  the  formation  through  which  a 
certain  division  of  the  fauna  ranges.  In  such  cases  reference  will  have 
to  be  made  to  the  text  for  further  description* 
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Classification  of  the  formations. 


Lower  Cal- 

Ixiwor  portion  of  the  Calciferous  iwndrock  of  New  York  and  Caoada;    Lower 



oiferoua. 

Magnesian  limoBtone  of  Wiscousin,  Misaoori,  oto. 

Type, 

Sandatonea  of  the  north  and  eaat  aides  of  the  Adirondaoka  Moontaina  of  Mew 

York  and  adjoining  parte  of  Canada. 

OorrOated. 

• 

Liroeatonea  of  the  aouth  aide  of  tho  Adirondacka  and  Datohesa  Connty,  New- 

York,  and  an  unknown  portion  of  the  limeatonea  of  the  *'  Marble  Belt"  of 

a 

western  Vermont. 

86 

Potadmn.  < 

Hhaleaof  Tennosaee  (Knox),  Georf^ia,  and  Alabama  (Connaaanga). 

Sandstones  of  the  Upper  Miasissippi  Valley  (St  Croix),  South  Dakota,  Wyo< 

p. 
p. 

niing,  \Iontana,  and  Colorado. 

p 

Sandntoned  and  cnlcareooa  beds  of  northern  Arizopa  (Tonto)  and  central  Texas 

(Katemcy). 
Limo-itooes  and  shales  of  Nevada  (HamUnrs),  Idaho,  and  Montana  (Gallatin). 

■ 

Black  shales  of  the  upper  portion  of  tho  New  Brunswick  and  Cape  Breton 
Island  sections. 

• 

Shales  and  sandstonee  of  Conception  Bay,  Newfoundland  (Belle  Isle). 

Type. 

s 

Shales  and  slates  of  eastern  Massachusetts  (Bralntree),  New  Brunswick  (St. 

• 

a 

John),  and  eastern  Newfoundland  ( Avalon). 

AcfuVmn.  < 

Correlated. 

a 

1 

• 

Limest4>nes  of  Dntchcss  Connty,  New  York  (Stissing),  and  central  portion!  of 

^^ 

•«4 

Tennessee  and  Alabama  sections  (Coosa). 

Limestones  of  central  Nevada  and  British  Columbia  (Mount  Stephen). 

• 

Type. 

Shales  and  limestones  of  western  Vermont  (Georgia)  and  Red  Sandrock. 

Correlated. 

Quart zite  of  wostf>m  slope  of  Green  Monntains  ("  Granular  Quarts  '*)  and  Ap> 

palacliian  RangeofPennsylyania,  Virginia,  Tennessee  (Chilhowee),  Georgia, 

• 

a 

e8 

and  Alabama. 

•c 

Shales  with  Intorbedded  limestones  and  rooting  slates  of  southern  Vermont, 
Ne^Tork,  and  south  to  Alabama. 

i 

Georf^lan.  ^ 

Limestone,  sandstone,  and  shales  of  Strsiits  of  Belle  Isle  (Labrador),  northwest 

pV 

coast  of  Newfoundland,  and  peninsula  of  Av^alon  (Placentia). 

s 

►3 

Basal  series  of  Hanford  Brook  Section,  Caton's  Island,  etc.,  New  Brunswick 

(TTanford). 
Shales  and  limestones  of  eastern  and  southeastern  Massachusetta  (Attlebor- 

ough). 
Lower  portion  of  Enreka  and  Highland  Banges,  Nevada  (Prospect). 
Portion  of  Wasatch  Cambrian  section  (Cottonwood). 

I 

Base  of  Castle  Mountain  limestone,  British  Columbia  (Castle  Mountain). 

• 
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Caiubrinn  Group. 

■ 

L0W4>T 

Middle 

Upper 

Cambriau. 
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Canibrian. 
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BASE  OF  CAMBRIAN. 

The  statements  made  in  the  preceding  paragraphs  foreshadow  the 
conclasion  that  over  the  Interior  Gontineutai  area  the  basal  beds  of  the 
upper  division  of  the  gronp  rest  n  neon  form  ably  upon  preCambrian 
rocks.  This  is  trne  also  of  the  lower  division  of  the  Atlantic  Coast 
Province,  but  in  the  Lake  Ohamplain  Valley  and  the  Southern  Appala- 
chian Province  there  is  no  positive  assurance  that  the  conformable  se- 
ries of  strata  beneath  the  Olencllus  zone  do  not  pass  clown  into  some 
pre-Cambrian  group.  In  Nevada,  Utah,  Montana,  and  British  Colum- 
bia the  same  conditions  exist  to  a  more  marked  degree,  and  I  have,  in 
the  absence  of  paleontologic  proof,  referred  the  conformable  pre-Olenel- 
lus  strata  to  an  Algonkian  gronp.  That  a  considerable  portion  if  not  all 
of  the  series  will  be  ultimately  referred  to  the  Cambrian  is  probable 
from  the  fact  that  the  Olenellus  fauna  has  beefi  traced  downward 
through  1,000  fex^t  of  limestone  in  the  Champlain  Valley  of  Vermont  and 
3,000  feet  downward  in  the  Bow  River  scries  of  British  Columbia.  The 
great  vertical  distribution  of  the  fauna  in  the  limestone  leads  to  the  ex- 
])ectation  that  it  will  be  found  to  range  through  a  considerable  portion 
of  tbe  conformable  strata  beneath  the  narrow  Olenellus  zone  of  the 
Southern  Appalachian  and  southern  portion  of  the  liocky  Mountaiu 
Province.  On  the  map  of  spclious  the  low^er  strata  are  provisionally 
and  donbtfully  referred  to  the  Cambrian.  This  is  in  opposition  to  the 
view  advanced  in  the  Tenth  Annual  Report  of  the  U.  S.  Geological 
Survey. 

^  SUMMIT  OF  CAMBRIAN. 

The  determination  of  the  top  of  the  Cambrian  is  beset  with  more  dif- 
ficulties than  its  delimitation  at  the  base.  At  the  base  there  are  marked 
unconformities,  and  in  their  absence  thepresenceof  a  distinctly  marked 
fauna  beneath  which  no  other  fauna  has  yet  been  found.  At  the  sum- 
mit, however,  we  meet  with  a  transition  both  in  sedimentation  andfaana 
to  the  characteristic  type  of  the  Silurian  (Ordovician).  One  of  the  best 
illustrations  of  this  is  in  the  Eureka  district  of  Central  Nevada,  where, 
in  the  Pogonip  limestone,  the  passage  from  the  Cambrian  to  the  Silurian 
(Ordovician)  is  so  gradual  that  it  is  only  by  the  predominance  of  the 
fauna  of  one  or  the  other  of  the  two  great  groups  that  a  line  of  demarka- 
tion  can  be  drawn.  The  transition  is  such  as  might  be  expected  where 
there  was  no  marked  physical  disturbance  to  influence  the  change  of 
faunas  resnltingfrom  the  natural  dying  out  and  development  of  species 
or  the  intlux  of  new  species  from  other  areas.  The  sedimentation  was 
very  uniform,  and  no  essential  change  of  character  occurs  between  the 
limestonesof  the  Upper  Cambrian  and  those  of  the  Silurian  (Ordovician). 
On  the  other  hand,  the  delimitation  between  the  two  groups  on  the 
northern  side  of  the  Adirondacks  is  clearly  and  definitely  marked  by  the 
occurrence  of  a  light-colored,  calciferous  sandrock,  with  it«  distinctive 
fauna,  resting  upon  a  compact,  hard  quartzite,  characterized  by  the 
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Dikelocephalas  faana  of  the  Upper  Cambrian.  Various  grades  of  trau- 
sition  occur  between  these  two  extremes,  bat  trequeutly  it  is  necessary 
to  draw  an  arbitrary  line  and  define  the  upper  limit  of  the  Cambrian,  as 
terminating  where,  in  any  continuous  section,  the  Upper  Cambrian  fauna 
gives  way,  and  is  superseded  by  the  types  of  the  Sihiriaii  (Ordovician) 
fauna.  In  Nevada  this  line  would  be  drawn  near  the  base  of  the  Pogonip 
limestone;  in  Tennessee,  near  the  base  of  the  Knox  dolomite;  in  north- 
ern New  York,  north  of  the  Adirondacks,  between  the  Potsdam  sandstone 
and  the  Oalciferous  sandrock ;  on  the  south  side  of  the  Adirondacks,  in 
the  limestone  between  the  Potsdam  and  Calciferous  faunas;  in  the  Up- 
per Mississippi  Valley,  between  the  upper  beds  of  the  St  Croix  sand- 
stone and  the  Lower  Magnesian  limestone,  or  in  some  instances  in  the 
lower  portion  of  the  Lower  Magnesian  limestone ;  in  the  series  of  shales 
op|K)site  Quebec,  at  Point  Levis,  beneath  thegraptoliticbearing shales 
and  the  conglomerate  carrying  the  Dikelocephalus  fauna  of  the  Upper 
Cambrian ;  and  in  western  Newfoundland,  in  the  limestones  between 
the  Upper  Cambrian  fauna  and  the  base  of  the  Ordovician  fauna. 

The  paleontologic  break  between  the  Cambrian  and  Silurian  groups 
is  practically  complete  where  the  stratigraphic  break  is  marked.  About 
the  Adirondacks  the  only  species  £  know  of  that  cross  the  break  are 
the  LiT^ulepis  acuminata  and  a  species  of  Ophileta,  at  Chateaugay 
Chasm.  In  Wisconsin  some  of  the  species  of  the  Up])er  Cambrian  fauna 
apparently  rise  into  the  lower  portion  of  the  Lower  Magnesian  lime- 
stone, and  are  there  associated  with  forms  which  are  considered  to  be 
more  typical  of  the  Silurian  (Ordovician)  fauna.  In  Nevada,  where  the 
sedimentation  is  of  the  same  character  in  the  Upper  Cambrian  and  the 
lower  portion  of  the  Silurian  (Ordovician),  there  is  a  slight  blending  of 
the  faunas,  as  shown  by  the  occurrence  of  the  genera  Asaphus,  Dikelo- 
cephalas, and  Ptychoparia  upon  the  same  surface  of  rock.  With  our 
present  knowledge,  however,  the  occurrence  of  the  same  species  in 
strata  that  are  referred  to  the  Cambrian  and  the  Lower  Silurian  is  so 
rare  that  they  are  the  exceptions  to  the  general  rule. 

It  is  not,  however,  by  the  specific  break  in  the  fauna  that  the  two 
groups  are  separated ;  it  is  the  general  facies  of  the  fauna  referred  to 
the  Cambrian  and  that  referred  to  the  Silurian  (Ordovician).  The  dis- 
tinctness of  the  Upper  Cambrian  fauna  from  the  Lower  Silurian  fauna 
100  feet  beneath  the  line  of  contact  of  the  two  groups  is  such  that  I 
think  there  will  be  no  confusion  between  the  two  faunas  in  America. 
In  England  the  range  of  the  genus  Agnostus  has  complicated  the  sep- 
aratene^s  of  the  two  faunas,  bat  this  is  not  sufficient  to  combine  them 
as  a  whole. 

SEDIMENTATION  OF  THE  CAMBRIAN  GROUP. 

The  physical  and  lithologic  characters  of  the  strata  lead  to  the  con- 
clusion that  the  sediments  were  accumulated  in  relatively  shallow  seas 
in  the  immediate  vicinity  of  the  shores  of  land  areas  that  were  being 
slowly  depresbcd   in  relation  to  th()  surrounding  waters.    There  are 
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some  exceptions,  as,  for  instance,  the  deeper  water  limeatOQe  series  of 
ceutral  Nevada,  British  Oolunibia,  and  western  Vermont,  and  per- 
haps the  black  shales  of  the  Atlantic  Coast  Province.  The  assembled 
evidence  sustains  the  view  that  at  the  beginning  of  Jjower  Cambrian 
time  the  area  of  the  great  Interior  Province  formed  part  of  a  continent, 
to  the  eastward  and  westwanl  of  which  long  ridges  of  pre  Cambrian 
rock  separated  interior  seas  and  straits  from  the  continental  area  and 
protected  their  contained  life  and  sediments  from  the  ravages  of  tbe 
open  ocean.  As  the  continent  was  slowly  depressed  and  the  waters 
advanced  a|)on  the  land  the  sediments  now  forming  the  rocks  of  the 
Lower  and  Middle. Cambrian  series  were  accamnlated  in  the  various 
interior  bodies  of  water  to  the  eastward  and  westward  of  the  main 
lantl  area  and  between  it  and  the  outlying  ridges.  What  the  contour 
of  the  south  and'  southeastern  side  of  the  continent  was  and  to 
what  extent  the  sea  advanced  upon  it  from  the  south  during  this 
time  is  unknown  and  may  never  be  known,  as  only  the  formations 
that  were  deposited  around  the  pre-Cambrian  islands  of  Texas  and 
Missouri  are  now  acoessible  for  study.  From  the  evidence  afforded 
by  these  two  localities  and  that  along  the  eastern  front  of  the  Bocky 
Mountains,  and  the  exposures  of  Cambrian  strata  in  Wisconsin,  Can- 
ada, etc,  it  is  very  probable  that  the  main  portion  of  the  continent 
north  of  the  thirtieth  and  south  of  the  fiftieth  meridian  did  not  dis- 
appear beneath  the  advancing  sea  until  near  the  beginning  of  Upi>er 
Cambrian  time.  The  unconformable  position  of  the  Upper  Cambrian 
rocks  of  the  Interior  Continental  Province  upon  the  subjacent  Algon- 
kian  and  Archeafi  rocks  sustains  this  conclusion. 

As  the  sea  was  transgressing  over  the  surface  of  the  continent  on 
its  way  northward  across  the  broad  interior  in  late  Middle  or  early 
Upper  Cambrian  time  it  was  also  working  along  the  base  of  the  border 
ridges  and  depositing  the  sediments  derived  from  them  conformably 
upon  those  deposited,  while  the  main  masa  of  the  continent  was  above 
the  water.  That  these  deposits  were  practically  contemporaneous  with 
those  of  the  Interior  Province  is  proved  by  the  presence  of  the  same 
types  of  animal  life,  and  to  a  considerable  extent  of  identical  species. 

Toward  the  close  of  Cambrian  time  a  large  portion  of  the  continent 
had  disappeared  beneath  the  surface  of  the  sea,  and  the  great  lime- 
stone-forming period  of  the  Silurian  (Ordovician)  began.  In  some 
areas,  as  about  the  Adirondack  Mountains  of  New  York,  argillaceous 
and  arenaceous  sedimeiits  were  derived  Irom  the  adjoining  coast  line, 
but  as  a  whole  mechanical  sediments  are  absent.^ 

1  In  spoakiQf;  of  tlie  conditions  of  setlinientation  Mesars.  Campbell  and  Ruflher  state  that  "Changes 
sncU  as  these  occurred,  daring;  a  serlea  of  geological  a?es  of  unknown  length,  In  a  great  Inland  sea 
H-lilch  was  once  connected  with  wbat  is  now  the  Gnlf  of  Mexico,  on  the  sonth,  limited  probably  by 
the  highlands  of  Canada  on  the  nortlioast,  having  the  Archean  lodges  of  the  Blae  Ridge  for  ita 
sonthcastern  border,  and  in  all  probability  separated,  in  part  at  least,  from  the  Paciflo  Ocean  by  the 
Rocky  Mountain  Range.  This  extensiye  soa.  with  Archean  rocks  for  its  bottom  and  shores,  was  the 
receptacle  of  the  various  materials  that  now  constitute  tlio  surface  rocks  and  soils  of  the  Mississippi 
Yaliey."  (A  physical  survey  extondini;  from  Atlanta,  Goort^ia,  soross  Alabama  and  MiMaissippi  to 
the  Mississippi  River,  along  the  Une  of  the  Georgia  Pacific  Railway.    New  York,  1883,  pp.  9, 10.) 
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Secular  disintegration  had  prepared  an  immense  amount  of  material 
for  the  advancing  sea. to  assort  and  rearrange  in  early  Cambrian  time. 
This,  with  that  worn  from  the  solid  rocks  by  the  attack  upon  the  coast 
line,  was  largely  disposed  of  prior  to  the  opening  of  the  limestone- 
forming  period — an  epoch  varying  in  relative  time  in  the  various 
provinces. 

I  do  not  think  it  probable  that  any  considerable  amount  of  sediment 
accumulated  in  the  southern  portion  of  the  Interior  Continental  area  dur- 
ing early  Cambrian  time.  The  sections  of  the  Champlaiu  Valley,  eastern 
Tennessee,  Utah  and  Nevada,  and  of  Bj  itish  Columbia  prove  the  accu- 
mulation of  from  10,000  to  12,000  feet  of  sediment  along  the  eastern  and 
western  flanks  of  the  preCambrian  continent  before  the  sea  deposited 
the  formations  about  the  Llano  Hills  of  Texas,  the  Ozark  Mountains  of 
Missouri,  and  other  portions  of  the  Interior  Continental  Province.  This 
evidence  leads  to  the  belief  that  the  continent  stood  at  a  considerable 
elevation,  and  that  the  great  accumulation  of  sediment  during  late 
Algonkian  and  early  Cambrian  time  resulted  from  the  distiii)ntion  of 
material  worn  fiom  the  shore  by  the  waves  and  brought  into  the  sea  by 
the  rivers  of  the  Interior  Continental  region  and  the  outlying  ridges.^ 

DESCRIPTION  OF  PLATE  IL 

Map  of  the  oentral  portion  of  the  North  Ainerican  contiuentj  to  illastrate  the  rela- 
tive thickness  of  the  strata  oompoRiiig  the  Cambrian  gronp  in  the  Tarious  geolugio 
provinces.    (The  small  ring  with  the  dot  in  the  center  indicates  the  geographic  loca- 
tion of  the  base  of  the  section.) 
The  sections  are  grouped  into  the  following  geologic  proyinces: 
Atlantic  Coast  Province. 
Appalachian  Province. 
Kocky  Mountain  Province. 
Interior  Continental  Province. 
The  latter  consists  of  the  Central  Interior  or  Upper  Mississippi,  the  Western  or 
Bocky  Mountain,  the  Southwestern  or  Arizona  and  Texas,  and  the  Eastern  or  Adi- 
i^ndack  sub-provinces. 

Atlantic  Coast  Province: 

Section  1.  Conception  Bajf,  Avalan  Peninsulaj  Newfoundland, — The  Cambrian  rocks 
of  the  Avalon  Peninsula  rest  uncouforutably  upon  strata  of  Archean  and  Algonkian 
age.  The  section  represented  is  fornu'd  by  the  union  of  portions  of  those  of  Manuel's 
Hrouk,  Kelly's,  Great  Bell,  and  Little  Bell  Islands. 

Section  2.  Viciniiy  of  Si.  John,  New  Brunnvick. — This  section  is  nnconformably 
snperjacent  to  the  Archean,  and  unites  the  section  at  the  city  of  St.  John  and  that 
of  Hanford's  Brook. 

■  It  is  not  improbable  that  the  aroa  of  the  great  coaatal  plain  of  the  AtlaDtio  slope  was  then  an  ele- 
vated portion  of  the  continent  and  that  much  of  the  sediment  deposited  during  Cambrian  and  later 
PaleoBoio  time  was  washed  from  it  into  the  seas  immediately  to  the  west*  If  this  be  true  the  source 
of  much  of  the  sediment  of  the  Appnlncliian  serioti  of  rocks  is  acconnted  for  and  the  aliseooe  of  the 
deposits  of  tho  eastern  coastline  is  explaine<l  by  the  sinliing  of  the  coast*!  region  during,  or  at  iho 
close  of  Paleosoio  time.  This  view  is  strengthened  hy  the  presence,  in  the  Middle  Cambrian  Tunna 
of  Alabama,  of  a  number  of  species  that  are  closely  allietl  to  If  not  identical  with  si>ecies  of  tho  Mid- 
dle CMnbriau  fauna  of  NewfouudUnd  and  Sweden.  This  fauna  is  unknown  in  the  Appalachian  Prov- 
Ince  north  of  Alabama.  This  leads  to  tho  inference  that  it  was  distributed  nlong  the  shore  of  the 
Atlantic  Conjit  Pmrince,  and  that  the  line  of  deposits,  uniting  tlie  Nowfouudland  and  Alabama  areas, 
ioutb  of  the  Hasssobusetta  area,  are  now  buried  deep  beooatb  later  depoaila. 
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Section  3.  Vidnity  9/  North  AttUborough  and  Braintreej  MassaokuseiU. — In  this 
section  the  Lower  Catubriaa  serieB  of  North  Attleboroagh  aDil  the  Middle  Cambrian 
of  Braintree  are  united  in  one  generalized  section.  The  basal  series  is  uncouformably 
snperjucent  to  the  Arcbean. 

Appalachian  Provincb: 

Section  4.  North  side  of  the  Straits  of  Belle  Isle,  Labrador* — The  base  rests  nncon- 
foniiably  upon  the  Arohean. 

Skction  5.  Central  teeatern  Newfoundland, — ^The  base  rests  nnconformably  npon  the 
Arcbean,  bnt  the  summit  of  this  section  is  not  clearly  defined  owing  to  lack  of  data 
to  deterniiue  the  range  of  the  fauna. 

Section  6.  Fratiklin  County,  Vermont, — This  represents  the  **  Red  sandrock^'  series, 
with  its  Huperjacciit  Georgia  shales,  in  the  township  of  Georgia.  The  base  is  cut  off 
by  a  fault  line,  aud  tho  uxact  limitation  at  the  summit  is  unknown. 

Section  7.  This  represents  the  great  shale  aud  slate  seotion  of  Washington  County, 
New  York.    It  is  cutoff  at  the  base  by  a  fault  line  and  the  summit  is  not  well  defined. 

Section  ti.  The  shore-line  deposits  of  the  Green  Mountains  or  the  "  Grannlar 
Quartz,''  above  which  come  limestones  in  which  Cambrian  fossils  have  been  found. 
At  the  base  it  rests  unconforaiably  npon  the  crystalline  pre-Cambrian  rocks. 

Section  9.  Typical  section  in  southern  Pennsylvania,  showing  the  "  Grannlar 
Quartz''  resting  unconformabiy  npon  the  subjacent  crystalline  rocks  and  extending 
above  into  the  shale  series  beneath  the  limestones.  / 

Section  10.  This  section  is  that  of  central  Virginia,  not  far  away  from  the  shore 
line.  The  base  rests  unconfor&iably  npon  the  preCambrian  rocks,  and  above  it  passes 
into  the  base  of  the  **  valley  "  limestones. 

Section  11.  Bogersville,  East  Tennessee. — The  base  of  this  section  is  out  off  by  a 
fault  line  and  above  it  passes  into  the  Knox  dolomite,  the  lower  beds  of  which  carry 
tho  Upper  Cambrian  fauna.  The  Chilhowee  Mountain  section  comes  beneath  the 
Rogersville,  and  it  is  so  represent-ed  in  this  section.  An  interrogation  point  markg 
tho  hiatus  between  the  two  sections.  The  data  for  this  section  are  given  by  Mr.  Bailey 
WillJM,  chief  of  the  Appalachian  division  of  geology,  U.  S.  Geological  Snrvey. 

Skciion  12.  The  line  of  this  section  extends  from  Rome,  Georgia,  westward  into 
Alabama.  At  the  base  it  is  cut  off  by  a  fault  aud  above  is  delimited  by  the  Knox 
dolomite.  The  data  for  it  are  given  by  Mr.  C.  Willard  Hayes,  of  the  Appalachian 
division  of  the  U.  S.  Geological  Survey. 

Section  13.  Western  slope  of  the  Wasatch  tnonntainef  Utah, — In  this  section  the 
rijOOO'feet  of  quart/<itoaud  siliceous  slates  are  tentatively  referred  to  the  Cambrian. 
The  fossilifoi'ous  zone  in  confiued  to  the  upper  250  feet. 

Section  14  Central  eastern  Nevada. — This  section  represents  the  great  quartzite 
series  beneath  the  fossiliferoiis  Cambrian  limestone.  The  base  has  been  concealed, 
aud  the  summit  has  been  removed  by  erosion. 

Section  15.  Eureka  Disiricl,  Nevada. — In  this  section  the  fossiliferous  Lower  Cam- 
brian strata  rests  con furuj ably  upon  the  quartzites,  which  pass  down  some  1,500  feet 
before  being  concealed.  rhequartzit<38  may  correspond  to  the  upper  beds  of  section 
14.  Tho  summit  of  the  section  passes  into  the  superjacent  Pogonip  limestone  of  the 
Silurian  (Ordovician). 

Section  16.  GaVaiin  River  near  Gallatin  City^  Montana. — This  is  essentially  the 
Banio  JM  the  Mount  Stephen  section  of  British  Columbia  (section  17).  The  subjacent 
series  of  quartzites  aud  siliceous  Hlates  are  tentatively  included  in  the  Cambrian. 

Skction  17.  Mount  Stephen  sectiou  of  British  Columbia,  in  connection  with  the 
subjacent  Bow  River  qunrtzite  and  siliceous  slates.  The  relations  of  the  section  are 
the  same  as  those  of  the  Eureka  section  (15)  of  central  Nevada,  with  the  addition  of 
the  Bow  River  qnarlzite  and  slates. 

Rocky  Mountain  Province: 

Central  Interior  Continental  subprovince: 

Section  H.  The  western  section  of  the  central  Int^erior  Continental  Province 
it  occurs  in  Minnesota. 
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Skction  19.  Section  of  the  Upper  Cambrian  sandstones  of  eastern  Wisconsin. 

Sbction  20.  Section  of  southern  central  Wisconsin,  showing  the  unconformity 
between  the  Upper  Cambriuu  and  the  subjacent  Algonkian  and  Archean  rocks.  Sec- 
tions 18,  19,  and  20  are  all  of  Upper  Cambrian  age,  and  pass  conformably  above  into 
the  superjacent  Lower  Silnriau  (Ordoyician)  or  magnesian  limestones. 

Section  21,  Ozark  Moimtaina,  Boutheaat^irn  Missouri — The  relations  of  the  Cam. 
briaii  and  the  Archean  are  the  same  as  those  in  the  Black  Hills  section  (section  23)* 

Ea.storo  or  Adirondack«Kubprovince: 

Skction  22.  The  eastern  and  northern  slopes  of  the  Adirondack  Mountains  of  New 
York, — In  this  section  the  Potsdam  sandstane  of  the  Upper  Cambrian  rests  uncon- 
form  Ably  upon  and  ag.iinst  the  Archean  and  Algoiikiau  rocks. 

Wostern  Interior Coutinental  or  Rocky  Mountain  sub-province: 

Section*23.  Black  Hills,  Dakota.— Tha  Upper  Cambrian  rests  nnconforraably  upon 
the  Archean. 

Skction  24.  Eastern  section  of  Big  Horn  Mountains  of  Wyoming, — It  is  essentially 
the  same  sis  that  of  the  Black  Hills  (section  23). 

SEcnoN  25.  Soutltern  Montana.  —This  section  is  very  much  like  that  of  Wyom- 
ing and  of  the  Black  Hills. 

Section  '^6.  Central  Colorado. — A  section  representing  the  sandstones  that  lie  be- 
tween the  subjacent  unconformable  Archean  or  Algoukian  rocks  and  the  superjacent 
Lower  Silurian  (Ordoviciau). 

Southwestern  Interior  Continental  sab-provinoe : 

Section  27.  Grand  Canon  of  the  Colorado,  northern  Arizona. — In  this  section  the 
Cambrian  strata  are  uncomfoBmably  superjacent  to  rocks  of  Algonkian  age. 

Section  28.  Llano  County,  Texas. — This  section  is  similar  to  that  of  the  Grand 
CnHou  in  having  an  unconformity  between  the  Algonkian  and  the  Cambrian  and  in 
Topreseuling  nearly  the  same  geologic  horizon. 

Theoretic  sections  at  close  of  Cambrian  time. — The  data  for  these  sections  are  ob- 
tained from  the  associated  map.  Tlie  enormous  accumulation  of  sediment  in  the 
Uocky  Mountain  Basin  on  the  west  and  the  Appalachian  Basin  or  trough  on  the 
east  are  shown,  as  well  as  the  thin  mantle  of  sediment  over  the  great  interior.  It 
serves  to  illustrate  the  sedimentation  indicated  by  the  vertical  columns  on  the  map. 

Our  knowledge  of  the  sedimentH  of  the  eastern  and  western  sides  of 
the  pre-Cambrisin  continent  is  considerable,  but  of  that  deposited  along 
the  southward-facing  front  we  know  nothing.  From  the  fact,  how- 
e.er,  that  the  same  species  of  fossils  occur  in  the  Lower  Cambrian 
fauna  of  Labrador,  Massachusetts,  New  York,  Vermont,  probably 
TcMiiifssce,  Nevada,  and  British  Columbia,  I  think  we  may  hypothetic 
cally  assume  the  continuance  of  the  Lower  Cambrian  beneath  the  de- 
posits of  the  Gulf  States  and  westward  through  Texas,  New  Mexico, 
and  Arizona.  There  is  no  known  line  of  Lower  and  Middle  Cambrian 
sedimentsition  across  the  continent  to  the  north  of  this  which  indicates 
that  the  fauna  might  have  been  distributed  along  a  more  northern 
shore. 

The  pre-Cambrian  ridges,  or  protaxis  of  the  present  ranges  of  the 
northeastern  side  of  the  continent,  have  been  outlined  by  Prof.  J.  D. 
Dana  from  the  known  exposures  of  pre-Cambrian  rocks.^  The  Para- 
doxides  fauna  lived  in  the  depression  l)etween  two  of  the  eastern  ridges 
of  the  Atlantic  Province  in  the  New  Brunswick  area,  and  in  the  bays 

'AreflB  of  continental  progroftii  in  North  America  nnd  the  infloence  of  tho  coiidiliun  of  iheae areaa  on 
tbe  work  carried  forward  within  them.   Bull.  Geol.  Soo.  Am.,  vol.  1, 18D0,  pp.  3&-3d 


368  THE   CAMBRIAN.  rBVLL.tl. 

aud  protected  shores  of  the  seaward  slope  of  the  western  ridge,  where 
the  onter  or  eastern  ridge  was  absent,  as  in  Msissachusetts  and  New- 
foundland. The  seilinienls  that  accnnuilate«l  to  the  eastward  of  the 
New  Brunswick  sea  form  the  supposed  Cambrian  shales  and  slates  of 
Nova  Scotia.  The  inner  ridges  of  Maine,  New  Hampshire,  and  Massa- 
chusetts bounded  long,  narrow  seas,  in  which  the  Cambrian  faunas  art* 
not  known  to  have  penetrated.  The  Lower  Caiut)rian  fauna  probably 
passed  from  the  Atlantic  along  the  ancient  Labrador  shore  into  the 
iutefior  Appalachian  sea.  A  few  types  of  the  Middle  Cambrian  faunai 
followed,  and  then  the  passage  api)ears  to  have  been  closed,  as  none  of 
the  Upper  Cambrian  types  of  the  Atlantic  fauna  have  been  found  in 
the  deposits  of  the  interior  seas. 

The  various  views,  both  theoretical  and  hypothetical,  relating  to  the 
preCambrian  continent  are  embodied  on  the  map,  PI.  iii,  aud  the  sec- 
tion at  the  base  of  PL  ii. 

DESCRIPTION  OF  PLATB  HI. 

Hypoihetioal  map  of  the  North  American  Continent  at  the  beginning  of  and  during  Lower 

Cambrian  time. 

This  map  is  based  upou  the  sections  shown  on  PI.  u,  aud  the  tbcoretio  section  at 
the  base.  The  position  of  the  sectious  on  the  two  maps  is  indicated  by  a  circle  with 
a  corresponding  nnmber  on  each  map. 

The  shaded  portions  indicate  the  relative  areas  that  are  supposed  to  have  been 
above  the  ocean  duriu|;  later  Algonkiau  and  Lower  Cambrian  time.  A  comparison 
with  Pi.  II  shows  that  in  the  Rocky  Mountain  aud  Appalachian  areas  there  was  an* 
enormous  accumulation  of  sediment  prior  to  the  Upper  Cambrian;  while  over  tlic 
broad  interior  there  is  only  the  Upper  Cambrian  which  correspouds  to  the  upper  por- 
tion of  the  great  sections  of  the  Rocky  Mountain  and  Appalachian  areas.  In  the 
region  of  the  Atlantic  Coast  Province  the  continental  movement  seems  to  have  been 
less,  as  the  sediments  of  the  Lower  and  Middle  Cambrion  are  much  thinner  than 
those  of  the  corresponding  horizon  in  the  Appalachian  and  Rocky  Mountain  areas. 
The  conclusion  is  that  the  shaded  portions  and  perhaps  other  unknown  arean  formeil 
the  land  during  late  Algonkiau  and  early  Cambrian  time,  and  that  about  the  close 
of  the  Middle  Cambrian  or  the  beginning  of  Upper  Cambrian  time  the  continental 
snrface  was  largely  depr«*sseil  beneath  the  waters  of  the  ocean  and  the  Upper  Cam- 
brian sediment  accumulated  over  the  entire  area  where  Cambrian  rocks  are  now 
known  to  occur.    (See  distribution  on  PI.  i.^ 

On  PI.  ill,A.,  Archean  ;  K.,  Koweenawan  ;  B.  H.,  Black  Hills  of  Dakota;  T.,  Llano 
area  of  Texas ;  M.,  Ozark  uplift  of  Missouri ;  C,  Grand  Cafion  area  of  Arizona.  Tho 
area  marked  X,  X,  X  indicates  an  hypothetical  land  area  of  the  existence  of  which 
we  have  not  at  present  any  absolute  proof,  as  it  is  now  covered  by  sediments  of  later 
age  than  the  Cambrian. 

The  present  shore  outlines  of  the  continent  are  indicated  by  the  dotlo<1  lino,  aud  the 
outlines  of  the  continental  plateau  on  the  division  between  the  deep  sea  aud  the  con- 
tinent by  a  continuous  line. 

The  descriptive  notes  of  the  Cambrian  rocks  of  the  various  provinces 
and  the  r6sum6  following  each  establishes  the  fact  that  in  Cambiian 
time  there  were  geographic  areas  in  which  different  types  of  sedituenta- 
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tion  prevailed,  and  that  great  variation  existed  in  what  are  considered 
the  same  geographic  provinces.  The  sediments  of  the  northeastern 
Atlantic  Coast  Province  are  almost  entirely  shales  with  a  small  propor- 
tion of  sandstone  and  a  trace  of  limestone.  Tracing  the  long  Appa- 
lachian Province  from  the  Gulf  of  St.  Lawrence  to  the  southwest  and 
south,  we  find  an  immense  accumulation  of  shale  with  some  interbedded 
sandstone  and  limestone.  This  extends  to  the  Lake  Champlain  region 
of  New  York  and  Vermont,  where  a  great  limestone  of  Lower  Cambrian 
age  is  subjacent  to  several  thousand  feet  of  shale  in  which  lenticular 
masses  of  sandstone  and  limestone  occur  at  irregular  intervals.  Farther 
to  the  southwest,  in  southern  Vermont  and  eastern  New  York,  great 
thicknesses  of  argillaceous  sediment  were  dex)osited.  These  now  form 
tlie  series  of  shales  in  which  beds  of  finely  laminated  roofing  slates 
occur  in  massive  strata.  Toward  the  east,  near  the  pre-Cambrian  shore 
line,  the  Lower  Cambrian  sandstones  are  followed  by  nrenaeeous,  dolo- 
mitic,  and  purely  calcareous  limestones  of  later  Cambrian  time.  This 
condition  of  sedimentation  continues  far  to  the  south,  varied  more  or 
less  by  the  presence  of  great  thicknesses  of  shale  above  the  lower 
quartzite.  In  the  latter  case  the  limestone  of  the  Cambrian  forms  only 
a  thin  belt  at  the  summit. 

In  the  Kocky  Mountain  Province  the  siliceous  sediments,  sandstones, 
and  quartzites  are  followed  by  limestone,  and  nearer  the  ^hore  line, 
the  sandstones  are  subjacent  to  shale.  Over  the  Interior  Province  the 
record  is  sandstone,  followed  on  the  west  and  southwest  by  alternating 
limestones  and  sandstones. 

On  the  map  (PI.  ii)  the  thickness  and  character  of  the  sediment  is 
shown  iu  a  general  manner  for  each  of  the  provinces. 

The  study  of  the  fauna  has  shown  that,  while  there  is  a  general  re- 
semblance iu  the  faunas  of  the  Lower  Cambrian  in  the  Atlantic  Coa^t, 
Appalachian,  and  Kocky  Mountain  Provinces,  there  is  sufficient  differ- 
entiation to  mark  oft'  distinct  faunal  areas  in  the  early  Cambrian  sea. 

The  fauna  of  the  Upper  Cambrian  is  less  specialized  over  great  areas 
than  that  of  the  Lower  and  Middle  zones.  The  opportunities  for  com- 
munication between  the  provinces  were  greater  and  it  is  only  in  the 
Northeastern  or  the  Atlantic  Coast  Province  that  a  marked  diftereuce 
is  shown. 

The  Middle  Cambrian,  fauna  of  the  Atlantic  Coast  Province  is  so 
strongly  differentiated  from  that  of  the  Appalachian  and  Western 
Ivocky  Mountain  Provinces  that  it  was  not  until  they  were  found  to  oc- 
cupy the  same  relative  stratigraphic  position  that  it  was  suspected  they 
lived  in  approximately  the  same  epoch. 

The  evidence  of  sedimentation  and  the  evidence  of  organic  remains 
unite  to  prove  that  in  Cambrian  time  the  geographic  and  faunal  [>rov- 
joces  were  differentiated  and  established  over  the  area  of  the  present 
North  American  continent.  In  fact,  the  sedimentation  of  the  Cam- 
brian was  as  varied  as  that  of  many  of  later  geologic  [>eriods  and  more 
so  than  that  of  the  immediately  succeeding  Silurian  (Ordovician). 
Bull.  81 ^24 
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SUBDIVISION  OF  TIIR  CAMBRIAN. 

lu  his  admirable  report  apon  the  Devonian  of  North  America  Prof. 
H.  S.  Williauis  expresses  this  opinion : 

The  subdivision  of  any  great  geological  system  mast  depend  in  great  measore 
upon  the  dii^oreuoes  in  the  faunas  or  florae  contained,  and,  us  I  believe,  this  depends 
iu  no  small  decree  npon  the  geological  changes  which  modified  and.  shifted  the  geo- 
graphical couditions  under  which  the  aniuiaU  lived.  A  sandstone  will  not  contain 
the  same  species  as  a  following  limestone,  and  even  in  arenaceous  shales  a  slight 
change  in  the  fineness  or  coarseness  or  in  the  amonnt  of  argillaceons  mad  mixed 
with  the  sand  modifies  the  composition  of  the  fanna  contained  in  it.^ 

There  are  not  at  present  sufficient  available  data  from  the  Cambrian 
upon  which  to  base  comparisons  with  the  same  degree  of  refinement  as 
those  made  by  Prof.  Williams.  It  has  been  discovered,  however,  that 
the  predominant  types  of  life  of  the  Cambrian  group  are  to  be  found  in 
shales,  limestones,  and  sandstones.  For  instance,  the  genus  Olenellus, 
characteristic  of  the  Lower  Cambrian,  is  found  in  the  shales,  limestones, 
slates,  and  sandy  shales  of  the  typical  section  in  Northern  Vermont. 
I  have  found  in  the  qdartzites  and  in  the  pure  limestones  of  the  Pots- 
dam epoch  of  the  Adirondack  subprovince  the  same  species  of  Dikel- 
ocephalus,  Hyolithes,  and  Liugulepis.  In  the  dark  argillaceous  shales 
of  the  Middle  Cambrian  terrane  of  Newfoundland  I  found  the  same 
bpecies  of  Paradoxides  that  occurs  in  the  interbedded  limestones  of 
the  same  series  a  few  miles  distant.  That  Prof.  Williams  is  correct  in 
rrlation  to  the  groat  mass  of  organisms  that  existed  during  Paleozoic 
time  there  can  be  very  little  if  any  question.  As  an  example  the  corals 
of  the  limestones  of  the  north  shore  of  the  Strait  of  Belle  Isle,  on 
the  liubrador  coast,  are  unknown,  except  in  an  almost  identical  lime- 
stone at  Silver  Peak,  Nevada,  in  the  llocky  Mountain  Province.  It  is 
in  the  clearer  limestones  that  the  great  bulk  of  the  brachiopods, 
])toropods,  and  other  forms  of  life  are  found  in  the  Cambrian  ;  but  it  is 
a  fact,  hevertlielevss,  tlijit  the  preiloiuiiiant  types  of  the  Trilobila,  ehar- 
nct^Tiziiig  its  three'divisious,  nourished  upon  and  were  imbedded  in 
sediinents  of  widely  different  character.  It  is  owing  to  this  tiiat  they 
become  of  so  much  im])ortance  as  criteria  in  the  correlation  of  the  three 
l)riniary  divisions  of  the  group. 

In  the  Atlantic  Coast  Province  the  fauna  of  the  Lower  Cambrian,  or 
Olonellus  zone,  occurs  in  arenaceous  limestones,  pure  limestones,  and 
shales.  All  of  these  are  of  a  different  character  from  those  of  the  black 
shales  200  i'eet  above,  in  which  the  Paradoxides  or  Middle  Cambrian 
fauna  occurs.  The  Upper  Cambrian  fauna  is  found  in  dark  shales  and 
sandstones  several  hundred  feet,  if  not  a  thousand  feet,  above  the  Para- 
doxides zone.  The  three  primary  subdivisions  of  the  Cambrian  are 
strongly  defined  by  the  sedimentation  and  faunas.    In  the  St.  Lawrence 


I  Inlernntional  Confrre»%  of  Goolojrists,  American  Committee.  Report  of  the  sabcororailt-ee  to  the 
KCMHion  of  tlio  Const  Ojirt  lirl<l  in  Londnn,  September  17,  1888.  Pliiladeiphia,  1888.  Keport  of  the  sab* 
oonimitteo  on  tbo  Upxtor  Paleosoio  (Devonic),  11.  S.  Williams,  Reporter,  p.  C  20. 
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Valley  area  of  the  Northern  Appalachian  Province  the  Lower  Oambrian 
and  Upper  Cambrian  faunae  are  found  in  separate  bandn  of  conglomer- 
ate limestones  and  not  in  situ,  the  great  thickness  of  shales  and  sand- 
stones referred  to  the  Oambrian  not  being  charact'Crized  by  any  known 
fauna.  In  Vermont  the  Lower  Cambrian  fauna  occurs  throughout  the 
classical  '*Red  saiulrock"  series  and  the  lower  portion  of  the  super- 
jacent Georgia  shales,  while  about  2,000  feet  above,  the  Upper  Cam- 
brian fauna  is  well  determined.  The  Middle  Cambrian  fauna  has  not 
been  recognized.  In  the  eastern  New  York  section  the  Lower  Cam- 
brian fauna  is  strongly  differentiated  and  the  base  of  the  Middle  Cam- 
brian fauna  indicated;  but  the  Upper  Cambrian  fauna  is  unknown. 
Only  a  few  miles  distant  to  the  west,  however,  at  the  base  of  the  Adi- 
l^ndacks,  the  Upper  Cambrian  fauna  characterizes  sandstonos  and 
limestones  that  occur  beneath  the  base  of  the  Silurian  (Ordovician). 
Farther  to  the  south,  in  Dutchess  County,  in  the  valley  of  the  Hudson, 
the  Lower  Cambrian  fauna  is  recognized  in  the  basal  quartzite  and  the 
superjacent  limestone,  and  also  the  Middle  Cambrian  of  the  Appala- 
chian and  Rocky  Mountain  Provinces',  and  the  Upper  Cambrian  of  all 
but  the  Atlantic  Coast  Province.  In  Tennessee,  in  the  Southern  Appa- 
lachian Province,  the  Lower  Cambrian  fauna  is  found  in  shales,  within 
the  quartzite  series,  and  at  the  summit  of  the  shales  the  Upper  Cam- 
brian fauna  occurs.  This  extends  up  and  into  the  base  of  the  limestone. 
In  Alabama,  in  shales  apparently  occupying  the  same  serial  relation, 
the  Middle  Cambrian  fauna  is  well  developed. 

In  the  Nevada  section  the  Lower  Cambrian  or  Olenellns  zone  is  dis- 
tinctly  defined,  and  between  it  and  the  Upper  Cambrian  fauna  1,000 
feet  of  limestone  is  marked  by  types  of  the  Middle  Cambrian  fauna. 
These  distinctions  of  faunas  are  readily  determined  wherever  two  or 
more  of  them  are  present  in  the  same  section  in  the  Bocky  Mountain 
Province;  In  British  Columbia  the  Lower  Cambrian  and  Middle  Cam- 
brian faunas  have  alone  been  recognized. 

I  have  spoken  of  the  Middle  Cambrian  fauna  of  the  Atlantic  Coast 
Province  and  that  of  the  Middle  Cambrian  of  the  Appalachian  and 
Bocky  Mountain  Provinces.  This  distinction  is  made  because  the  char- 
acteristic types  of  the  Atlantic  Coast  Middle  Cambrian  fauna  are  not 
found  in  the  Middle  Cambrian  fauna  of  the  other  two  provinces.  This 
indicates  that  a  nearly  impassable  barrier  existed  during  Middle 
Cambrian  time  between  the  sea  of  the  Atlantic  Coast  Province  and 
those  of  the  interior.  This  prevented  nearly  all  the  species  of  the 
former  from  migrating  into  the  Appalachian  and  Bocky  Mountain  Prov- 
inces. Within  the  two  latter  there  is  a  fauna  characterized  by  similar 
tyx>es  in  New  York,  Alabama,  Nevada,  and  British  Columbia,  and  in 
each  section  where  their  stratigraphic  position  is  determined  they 
occupy  the  same  relations  to  the  Lower  and  Upper  Cambrian  faunas 
as  does  the  Middle  Cambrian  or  Paradoxides  fauna  of  the  Atlantic  Coast 
Province.  • 
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The  Lower  Gatnbrian  fauna  is  inucb  more  persistent  in  its  character 
than  that  of  the  Midillc  Cambrian;  for  all  the  strata  referred  to  the 
former  horizon  have  been  found  to  be  chaiacterized  by  essentially 
the  same  faana.  This  is  also  true  of  the  much  more  widely  spread 
Upper  Cambrian  with  the  single  exception  of  the  Atlantic  Coast  Prov- 
ince, where  the  fauna  is  more  of  the  European  or  Atlsintic  Basin  t37>e. 
There  is,  however,  too  little  liuown  of  it  at  present  in  Newfoundland 
to  base  any  tiual  conclusions  upon  it. 

Theminor  or  formation  subdivisionsof  the  Cambrian  are  based  larp^ely 
upon  lithologic  characters  and  are  relatively  of  local  value  only.  One 
exception  to  this  is  fonud  in  the  *^  Granular  Quartz  "  of  New  York  and 
Vermont,  and  the  equivalent  Chilhowee  quartzite  series  of  Tennessee, 
Alabama,  Virginia,  Pennsylvania,  etc.  Another  is  in  the  widely  spread 
shore-line  deposits,  called  the  Potsdam  sandstone  in  New  York,  the  St. 
Croix  sandstone  i:i  the  Upper  Mississippi  Valley,  the  supposed  eqaiv- 
alent  deposits  of  the  Bhvck  Hills  of  Dakota,  the  sandstones  of  the 
eastern  iianks  of  the  Rocky  Mountains  and  of  the  Llano  area  of  Texaa 
These  two  formations  furnish  illustrations  of  the  accumulation  of  similar 
sediments  over  ver^'  extended  areas.  Their  minor  value  in  classifica- 
tion, when  not  supported  by  paleoutologic  evidence,  is  shown  by  the 
fact  that  the  Lower  Cambrian  '^Granular  Quartz"  or  Chilhowee  sand- 
stone has  been  correlated  by  nearly  all  geologists  who  have  referred  to 
it  with  the  Potsdam  sandstone  about  the  Adirondacks  of  New  York 
and  the  St.  Croix  sandstone  of  the  Upper  Mississippi  Valley,  thus 
bringing  together  formations  separated  in  the  stratigraphic  column  by 
a  long  time  interval  and  several  thousand  feet  of  sediment.  Other 
sandstones  of  pre-Cambrian  and  post-Gambriau  age  have  also  been 
correlated  with  the  Potsdam  sandstone  of  New  York. 

With  our  present  knowledge  of  the  faunas  and  sediments  it  is  im- 
possible in  all  instances  to  differentiate  the  primary  divisions  of  Upper, 
Middle,  and  Lower  Cambrian  in  America. 

Extending  our  views  across  to  the  eastern  side  of  the  Atlantic  Ocean, 
we  find  an  extensive  development  of  Cambrian  rocks  in  North  and 
South  Wales,  where  the  three  great  divisions  of  the  North  American 
Cambrian  are  to  be  recognized.  The  Lower,  in  the  rooting-slate  series 
of  North  Wales  and  the  Ctcrfai  group  of  South  Wales ;  the  Middle, 
in  the  Solva  and  Menevian  formations,  and  the  Upper,  in  the  Lingula 
flags  series.  These  divisions  are  also  recognized  in  Sweden  and  North 
Wales,  although  in  greatly  diminished  force.  The  Lower  division  has 
been  recognized  in  western  Russia,  and  the  central  belt  of  the  celebrated 
<^Zone  Primordiale^  of  Bohemia  represents  the  Middle  Cambiian  series. 

In  lithologic,  stratigraphic,  and  paleoutologic  characters  the  Cam- 
brian series  on  the  opposite  sides  of  the  Atlantic  are  such  that  there  is 
no  hesitancy  in  considering  them  as  belonging  to  one  geologic  group 
and  as  part  of  one  geologic  basin. 

There  is  a  great  variation  in  the  sedimentation  and  faunas  of  the 
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Tarioas  formations  referred  to  the  GambnaQ  Id  Forth  America  aud 
Earope ;  they  all  fall  within  the  limits  of  the  group  and,  united,  consti- 
tate  a  in^eat  geologic  division  of  equal  taxonomic  value  with  Silurian 
(Ordovician),  Silurian,  Devonian,  eta 

COMPABISON  WITH  THE  OAMBBIAN  BOOKS  OP  OTHER  COUNTRIES. 

EUROPB. 

m 

Dr.  Henry  Hicks  expresses  the  view  that  the  sediments  of  the  Gam- 
brian  and  Silurian  were  largely  deposited  on  the  western  side  of  the 
European  continent.^  In  Spain  and  Wales  the  sediments  accumulated 
to  a  great  thickness,  while  to  the  eastward,  in  Bohemia,  Scandinavia, 
and  Eu4$sia,  the  sections  show  less  than  one-fifth  of  the  thickness  of 
those  in  Wales.  In  central  Russia  the  Cambrian  strata  entirely  dis- 
api>ear  and  the  Silurian  (Ordovician)  rests  unconformably  and  directly 
npon  the  Archean.  These  observations  lead  to  the  conclusions  (a)  that 
the  Cambrian  sediments  were  deposited  upon  a  gradually  sinking  coast 
line ;  (h)  that  the  greatest  depression  was  on  the  western  margin  of  the 
continent;  {c)  that  the  movement  which  depressed  the  North  American 
continent  during  pre-Cambrian  time  also  affected  the  western  side  of 
the  European  continent,  with  a  gradually  diminishing  force,  from  the 
Atlantic  coast  to  the  Ural  Mountains.' 

A  comparison  of  the  Atlantic  Coast  Cambrian  series  of  America  with 
the  Atlantic  Coast  series  of  Europe,  as  exhibited  in  Wales,  shows  a 
marked  similarity  between  the  sedimentation  of  the  opposite  sides  of 
the  Atlantic.  The  basal  Cambrian  in  South  Wales,  named  the  Caerfai 
group,  by  Dr.  Henry  Hicks,  consists  of  1,670  feet  of  strata,  as  follows: 
520  feet  of  conglomerates  and  greeiiish  sandstones  subjacent  to  a  bed 
of  red  shales  and  schists,  50  feet  in  thickness,  above  which  1,000  feet 
of  purple  sandstones  occur.  Dr.  Hicks  correlates  the  roofing  slates  of 
North  Wales  as  found  at  Llanberris,  Bethesda,  and  Penrhyn  with  this 
lower  division  of  the  Cambrian,  on  stratigraphic  evidence,  as  the  few 
fossils  found  are  not  sufficiently  characteristic  to  correlate  the  two 
series  with  each  other  or  with  the  American  Lower  Cambrian^  A  com- 
parison of  the  sections  with  that  of  the  southeastern  coast  of  Newfound- 
land shows  in  each  the  presence  of  a  basal  conglomerate  subjacent  to  a 
^.ries  of  purple  and  green  shales  or  slates.  It  is  also  to  be  noted  that 
the  Lower  Cambrian  of  New  Brunswick  and  eastern  Massachusetts  is 
made  up  of  shales  of  a  somewhat  similar  character  to  those  of  the  Caer- 
fai group.  It  is  a  curious  coincidence  that  the  section  of  the  Lower 
Cambrian  of  North  Wales  is  almost  identical  in  tbe  physical  character 
of  its  slates,  including  color  and  texture,  to  the  Lower  Cambrian  roof- 
ing slate  belt  of  southern  Vermont  and  eastern  New  York. 


'  On  Ibf)  depcMitlou  of  tho  Cambriau  aDil  Lower  Silinian  rocks.    Quart.  Joar.  Geul.  Soc,  Loodon,  vol. 
31, 187.\  PI.  27,  op.  p.  558. 

'  Waiootl,  C.  D. :  The  fauna  of  the  Lower  Cauiunau  or  OleueUus  zone.    10th  Ajw.  Ba^^  U. &. Qi«<^. 
SurT.,  1890,  pp.  5«3, 504. 
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The  Solva  group  of  Soath  Wales  consists  of  150  feet  of  yellowish 
grits  beneath  1,500  feet  of  gray,  purple,  and  red  rocks,  above  which  150 
feet  of  gray  rocks  occur.  All  three  divisions  are  characterized  by  the 
presence  of  the  genus  Paradozides.  The  superior  division  of  the  Mene- 
vian  group  consists  of  750  feet  of  slates  and  sandstones,  and,  with  the 
Solva  formation,  constitutes  the  Paradoxides  zone  corresponding  to  the 
Middle  Cambrian  of  the  American  section.  This  division  is  repre- 
sented in  Massachusetts  by  the  Paradoxides  beds  of  Braintree,  in  New 
Brunswick  by  the  Paradoxides  shales  of  the  St  John  Basin,  and  in 
Newfoundland  by  the  Paradoxides  shales  of  the  Avalon  Peninsala. 
The  faunas  of  this  division  are  largely  identical  on  the  opposite  sides 
of  the  Atlantic,  and  form  the  great  connecting  link  that  binds  the 
sections  together  and  i)ermits  of  almost  positive  .correlation  between 
them. 

The  North  American  Upper  Cambrian  is  represented  in  Wales  by 
the  Lingula  flags  and  Lower  Tr%madoc  series,  formed  of  over  5,500 
feet  of  bluish  and  black  slates  and  flags  with  bands  of  gray  flags  and 
sandstones.  The  fauual  and  stratigraphic  equivalent  of  this  series  has 
been  distinctly  recognized  in  New  Brunswick,  on  Cape  Breton  Island, 
and  on  the  Avalon  Peninsula  of  Newfoundland. 

Most  English  geologists  have  included  the  Tremadoc  slates  in  the 
Cambrian ;  but  from  an  examination  of  the  list  of  their  contained  fauna 
it  appears  to  me  that  the  line  of  demarcation  between  the  Cambrian 
and  Silurian,  if  based  upou  the  general  facies  of  the  fauna,  should  be 
drawn  in  the  Tremadoc  series  between  the  upper  and  lower  divisions. 
The  fauna  of  the  lower  division  is  essentially  that  of  the  Cambrian, 
with  a  few  genera  and  species  more  characteristic  of  the  Lower  Silur- 
ian (Ordovician),  while  the  fauna  of  the  upper  division  is  largely  of  the 
Lower  Silurian  (Ordovician)  type,  with  a  few  forms  of  the  Cambrian  in- 
termingled with  it. 

The  problem  of  the  line  of  demarcation  between  *the  two  groups  in 
England  is  essentially  of  the  same  character  as  that  presented  in  Ne- 
vada, where  there  is  no  clearly  drawn  stratigraphic  or  faunal  break  in 
the  Pogonip  series  of  limestones. 

That  there  is  a  strongly  marked  resemblance  between  the  Cambrian 
series  of  the  Atlantic  Coast  Province  of  America  and  that  of  the 
western  Atlantic  Coast  Province  of  Wales  there  is  no  question.  We 
are  able  to  compare  the  three  main  subdivisions  and  assume  that 
they  belong  practically  to  one  province.  In  fact,  there  is  no  more  dif- 
ference between  the  faunas  and  sediments  on  the  opposite  side  of  the 
Atlantic  than  there  is  in  different  portions  of  the  Appalachian  Pro- 
vince, and  not  as  much  as  between  different  provinces  on  the  North 
American  Continent. 

In  explaining  the  strong  similarity  of  the  faunas  and  sediments  of 
the  Cambrian  rocks  of  the  opposite  side  of  the  Atlantic,  Dr.  Henry 
Uicks  says : 
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Th6  home  of  the  earliest  forms  of  life  seems  to  bavo  been  somewhere  towards  the 
sooth  west,  and  possibly  not  far  from  the  equator;  and  it  is  from  here  that  the  varions 
forms  seem  to  have  mif^rated  to  the  areas  in  which  they  were  subsequently  entombed. 
The  migrations  seem  to  have  taken  place  towards  the  North  American  continent  very 
mnch  about  the  same  time  as  towards  the  European ;  and  the  sea  encroachments 
along  that  continent  seem  to  have  been  in  a  direction  from  sonthcastto  northwest,  so 
that  the  line  indicating  the  two  depressions  wonld  meet  in  mid-Atlantic.  This  ac* 
oonntsfor  the  great  similarity  in  the  two  faunas  and  for  the  general  resemblance 
offered  by  the  order  of  succession  of  these  early  rocks  In  the  two  continents.  The 
higher  lands  in  America  would  be  to  the  west  and  northwest,  and  the  higher  lands 
in  Europe  to  the  east  and  northeast,  so  that  the  last  lauds  submerged  would  ai^proach 
each  other  andoccnpy  tho  same  region  of  the  globe.^ 

The  ScandiDavian  Cambrian  series  is  not  over  200  feet  in  thickness, 
and  represents  the  entire  British  series.'  It  is  divisible  into  the  Lower 
Cambrian  or  Oleiiellns  zone,  the  Middle  Cambrian  or  Paradoxides  zone, 
and  the  Upper  Cambrian  or  Oleiins  zone. 

On  the  opposite  side  of  the  Baltic,  in  eastern  Estoria,  the  Lower 
Cambrian  zone  alone  is  recognized  by  the  presence  of  its  characteristic 
fauna.  The  Middle  and  Upper  Cambrian  faunas  probably  existed  in 
this  region,  but  they  have  not  as  yet  been  discovered. 

Beneath  the  Paradoxides  zone  of  central  Bohemia  there  is  a  consid- 
erable thickness  of  shales,  grits,  schists,  conglomerates,  and  quartzites 
that  may  represent  the  Lower  Cambrian.  The  Upper  Camjjrian,  if  it 
has  not  been  removed  by  pre-Silurian  erosion,  doe^  not  appear  to  have 
l)eeu  clearly  ditferentiated  from  the  Middle  Cambrian  or  Paradoxides 
zone.^  ^ 

The  Cambrian  rocks  of  the  north  of  France  are  correlated  with  the 
Cambrian  of  St.  David's,  Wales,  by  authors,  but  they  are  not  sufliciently 
well  defined  by  faunas  to  compare  them  with  American  formations.  In 
the  province  of  Uerault,  in  the  south  of  France,  the  presence  of  Para- 
doxides correlates  the  rocks  with  the  Cambrian  of  Bohemia.^ 

On  the  island  of  Sardinia  there  is  a  mixture  of  Middle  and  Lower 
Cambrian  fannas,  which  may  arise  from  the  confused  .state  of  the  strata, 
or  it  is  not  impossible  that  the  faunas  are  really  mingled  in  the  same 
beds.  In  the  absence  of  more  definite  data  it  is  not  practicable  to  com- 
pare them  with  the  American  sections. 

The  contrast  between  the  American  and  European  Cambrian,  with 
the  exception  of  tlie  sections  of  Bohemia  and  Sardinia,  are  not  as  great 
as  those  between  the  Atlantic  Coast  Province  and  the  Appalachian 
Province,  or  as  between  the  Atlantic  Coast  and  Kocky  Mountain  Prov- 


'  Od  tlip  deposition  of  the  Cambriftii  aud  Lower  SilarianrockH.  Qiuirt.  Jour.  Geol.  Soc.,  London,  vol. 
31,187&,  p.  536. 

'See  rrof.Cbarlea  Lapwnrth'8  comparative  table  of  the  Cambrian  rocks  of  Hritain  .and  Soandinavi.i. 
"Mnterialii  for  tbo  Correlation  of  the  Lower  Paleozoic  Rucks  of  liiitain  and  Soaudiuavia."  Geol. 
Mag  .  new  aeries,  dec.  Il,  vol.  8,  1881,  pp.  320, 321. 

*  Mr.  J.  E.  Karr  correlates  llie  b.tsal  beds  of  Barrande's  l£ta^e  I)  (d  la)  in  which  Lingula  fei»tmanteli 
occiini  in  abundance,  with  the  Liugula  tlaj^s  of  Britain.  Quart.  Jour.  (leoL  Soc,  London,  vol.  36, 1880. 
p.  602. 

*  Bergeron,  Jnles:  Note  aor  la  presence  de  la  Fanno  priniordialo  (Parmloxidien)  dans  les  cnviroua 
de  Fernia-les-Moutai^nos.    Bull.  Soc.  i;6ol.  France,  3«  s6i .,  vul.  IG,  1888,  pp.  282-285. 
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iijce«.  In  point  of  fact  the  Atlantic  Coast  Province  of  America  is 
practically  a  portion  of  tlie  Atlantic  Province  of  which  the  sections  of 
western  Enropc  are  on  the  eastern  side.  The  Bohemian  area  and  that 
represented  by  the  deposits  on  the  island  of  Sardinia  partake,  in  part, 
of  the  character  of  the  Atlantic  Basin  deposits,  in  the  presence  of  the 
Panuloxides  fauna,  but  not  in  other  details. 

Thi^  essential  diiierence  between  the  English  and  the  American  clas- 
sification is  in  drawing  the  line  between  the  Cambrian  and  Silurian 
(Ordoviciau).  The  English  geologists  have  included  the  Upper  Tre- 
madoc  slates,  with  their  strongly  marked  Ordoviciau  fauna,  in  the 
Cambrian,  because  a  local  stratigraphic  break  occurs  at  their  summit 
an<l  between  it  and  the  subjacent  Areuig  series.  By  the  detlnition 
adopted  in  this  paper  for  distinguishing  the  great  geologic  groups,  the 
Upper  Tremadoc  slates,  with  their  fauna,  would  be  included  in  the  Si- 
lurian (Ordoviciau),  and  the  line  of  delimitation  between  the  Cambrian 
and  the  Silurian  (Ordoviciau)  be  drawn  at  the  base  of  the  upper  Tre- 
niadoc  slates,  thus  referring  the  Lower  Trema<loc  and  the  Lingula  flag 
series  to  the  Upper  Cambrian,  and  the  Upper  Tiemadoc  to  the  base  of 
Silurian  (Ordoviciau). 

In  conclusion:  (a)  The  relations  between  the  Cambrian  rocks  of  the 
eastern  or.  Atlantic  coast  of  North  America  and  those  of  Wales  are  of  a 
geneticcharacter,  and  pointtotheirhavingbeeu deposited  in  thesame time 
interval;  (h)  the  Scandinavian  Cambrian  represents  the  same  interval, 
but  with  a  greatly  diminished  bulk  of  sediments;  (c)  the  French  and 
S]>anisli  sections  are  too  incomplete  for  close  comparison,  although 
representing  the  coast  of  Wales  series ;  (d)  the  Bohemian  and  Saidinian 
areas  point  to  local  conditions  that  may  have  affected  their  connection 
with  the  typical  Atlantic  Basin  sediuients  and  faunas. 

SCOTLAND. 

The  occurrence  of  Cambrian  rocks  in  Scotland  has  not  yet  been  fully 
proved,  but  it  is  quite  probable  that  the  Torridon  sandstones  of  north- 
western Scotland  may  be  referred  to  the  Lower  Cambrian.  Prof.  Ar- 
chibald Geikie,  in  summing  up  the  notice  of  the  Cambrian  rocks  in 
Scotland  in  his  Text  Book  of  Geology,  says: 

Id  the  northwest  of  Scotlaud  a  mass  of  reddish  brown  and  chocolat«-colored  sand- 
stone aud  conglomerate  (at  least  4,000  feet  thick  in  the  Loch  Torridon  district)  lies 
nncouforinably  upon  the  Archean  gneiss  in  nearly  horizontal  or  gently  inclined  beds. 
*  *  *  The  denndation  must  have  been  considerable  oven  in  early  Silnrian 
times,  for  the  sandstones  are  nncouforniably  overlaid  by  qiiartzites  and  limestones 
containing  Lower  Silurian  fossils,  and  these  younger  strata  even  in  the  same  district 
rest  directly  on  the  Archean  gneiss.  »  •  *  No  trace  of  organic  remains  of  any 
kind  has  been  found  in  the  red  sandstones  themselves,  unless  certain  track-like  im* 
pri'ssions,  observed  on  the  west  side  of  Loch  Maree,  can  be  reganled  aa  having  been 
imprinted  by  orustacca  or  other  orgauisms.* 

1  Text  Book  of  Geology,  1885,  p.  653. 
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IRELAND. 

The  supposed  representative  of  the  Welch  Cambrian  series  in  the 
southeast  of  Ireland  is  described  by  Prof.  Geikie  as  follows : 

In  the  southeast  of  Ireland,  masses  of  pnrplisb,  red,  and  green  shales,  slates,  grits, 
quartzites,  and  schists  oconpy  a  considerable  area  and  attain  a  depth  of  14,000  feet 
without  revealing  their  base,  while  their  top  is  covered  by  unconformable  formations 
( Lower  Silurian  and  Liower  Carboniferous).  They  have  yielded  Oldhamia,  also  numer- 
ous burrows  and  trails  of  anneiidcs  {Ht^lioderma  hlhei'nicum,  JrenieoWeB  didymus.  A, 
HparauSf  HaMghtonia  poedla.)  No  Upper  Cambrian  forms  have  been  met  with  in  the 
Irisli  rocks,  which  are  therefore  placed  witli  the  Lower  Cambrian,  the  nuconforma- 
bility  at  their  top  being  regarded  as  equivalent  to  the  interval  required  for  the  depo- 
sition of  the  intervening  formations  up  to  the  time  of  the  Llaudeilo  rocks,  as  in  the 
northwest  of  Scotland.^ 

A  very  full  description  of  the  Cambrian  rocks  of  Ireland,  especially 
as  they  occur  at  Bray  Head,  Wicklow,  is  given  by  Prof.  William  Hellier 
Baily  in  18G5.  A  diagrammatic  section  accompanies  the  paper,  and  the 
author  also  describes  the  supi>osed  organic  remains  that  have  been 
found  in  the  rocks.' 

CHINA. 

Our  knowledge  of  the  Cambrian  rocks  of  China  results-  from  the 
invciiti^alions  of  Baron  liiclithofeu  in  the  provinceof  Liau-tung  in  uoi  th- 
easlern  China,  near  the  Corean  frontier.  He  found  a  series  of  lime- 
stone containing  the  '^Primordial "  fauna  in  the  sections  of  Sai-maki 
and  Taitsze  ho.^  The  limestones  are  superjacent  to  a  series  of  sand- 
stones and  quartzites  that  correspond  in  stratigraphic  position  to  the 
Lower  Cambrian  of  North  America. 

The  collections  of  fossils  were  studied  by  Dr.  Wilhelm  Dames,  who 
came  to  the  conclusion  that  two  horizons  were  represented — the  Au- 
drarum  limestone  or  Paradoxides  horizon  of  Sweden,  and  the  Quebec 
horizon  of  North  Americ^i.^  At  the  time  Dr.  Dames  wrote  Dikeloceph- 
alu8  golhicus  and  D.  quadriceps^  which 'he  referred  to  the  genus  Dor- 
opyge,  were  cited  as  from  the  Quebec  group;  and  it  was  on  the  com- 
parison  between  the  Doropyge  rwhlhofeni  and  these  two  species  that  he 
considered  that  the  Quebec  horizon  was  re[>resented.  The  twosi»ecies 
mentioned  are  now  referred  to  the  genus  Olenoiues  of  the  Middle  Cam- 
brian fauna,  which  is  not  known  to  occur  in  the  Upper  Cambrian  or  in 
the  CalcihTousChazy  fauna  corresponding  to  the  Quebec.  A  study  of 
the  species  illustrated  by  Dr.  Dames  Iciuls  me  to  think  that  the  Middle 
Cambrian  fauna  only  is  present,  althnu<;li  it  is  not  impossible  that 
sonuj  Upper  Cambrian  species  may  have  been  collected.  The  sections 
of  Baron  Kichthofen,  however,  indicate  a  considerable  thickness  of  con- 

1  Text  Book  of  Goology.  1885,  p.  054. 

'The  Caiiibiinii  rocks  uf  iho  JSritUh  InlamU,  willi  eMpecinI  n^rorence  to  tho  occurrence  of  this  forma- 
tion autl  iia  rotiaiis  iu  Irelanil.    Geolo^sicul  Mrignziiic,  vol.  2.  1HC5,  pp.  385-lUO. 
'*Ktclitborofi,  F.  P.  vou:  China.   £ro;«buiiwe  oigciicr  Keiiieu  uud  darauf  ijcruiiUuter  Studieu.    Vol.3 
(ii:m  uordlicho  Chiuai  fl>;.  21,  p.  M;  flg.  20,  p.  101,  18K2. 

^Ctuubribclie  Trilobiteii  von  Liau-tuu;;.     Chiuai  by  F.  F.  vou  RicUtUoC«i\,  \q\.  4,  \9X^V>^* 
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formable  strata  beneath  the  Middle  Cambrian  zone  in  whicb  tbe  Lower 
Cambrian  or  Olenellns  fauna  should  be  sought  for,  and  there  are  beds 
above  in  which  the  Upper  Cambrian  fauna  may  possibly  be  discovered. 
The  geologic  section  is  to  be  compared  to  that  of  the  Rocky  Mountain 
Province,  and  the  presence  of  the  same  peculiar  Middle  Cambrian 
fauna,  unmarked  by  tbe  genus  Paradoxides,  also  strengthens  the  com- 
parison. 

INDIA. 

In  a  note  on  the  discovery  of  trilobites  by  Dr,  H.  Warth  in  the 
Neobolus  be<ls  ot  the  Salt  Range,  by  Mr.  Will  King,  director  of  the 
Geological  Survey  of  India,^  it  is  stated  that  the  trilobites  were  dis- 
covered in  the  Neobolus  beds  of  the  Salt  Range.  The  stratigraphic 
succession,  from  the  summit  downward,  beneath  the  Carboniferous 
limestone,  is  as  follows: ' 


C7.  Rod 

K  <  6.  Mag 

(  5.  Darl 


Rod  shaly  zone  (SaU-pseudomorph  zone). 
M.'Vj^nesian  sandstone  group.  ^  6.  MagiatHian  sandstono. 

'k  shaiy  zone  (Neobolus  beds). 


!4.  Upper  pnrple  sandstone  (purple  saudMtone). 

:\.  Rock  salt  and  red  Rypsuui  group. 

2.  Gray  gypsum  group. 

I.  Lower  purple  sandstone. 

There  had  been  previously  discovered  in  the  Neobolus  beds  by  Dr. 
Warth  and  Dr.  VVaagen  a  number  of  brachiopods,  which  were  described 
by  Dr.  Waagen  as  follows:  DvteinoJepia  granulata  (p.  750),  Schizopholis 
rugosa  (p.  753),  Neobolus  tcarthi  (p.  758),  JV.  wynnei  (p.  759),  Davidsonella 
linguloides  (f).  76^1),  D.  aqvama  (p.  76G),  Lingnla  kiurensis  (p.  7G8)  and  L. 
%Darth%  (p.  7(J1)).* 

It  is  stilted  that  the  trilobites  were  sent  to  Dr.  Waagen,  who  identified 
one  of  the  two  determinable  species  as  a  Conocephalites,  very  nearly 
related  .to  Cotwcephalites  formoaus  Hartt,  from  the  St.  John  group,  and 
the  other  as  probably  an  Olenus. 

The  beds  in  which  such  forms  occur  can  not  be  anything  but  Cambrian^  and  they 
must  probably  be  classed  as  referable  to  the  upper  region  of  the  Lower  Cambrian.'* 

In  the  table  the  probable  equivalent  elsewhere  of  this  formation  is 
the  Sinic  formation  of  Kichthofen,  in  China.^ 

AUSTRALIA. 

The  Cambrian  rocks  of  Australia  appear  to  be  confined  to  the  south- 
eastern portion  of  South  Australia  and  the  northern  portion  of  Tas- 
mania. In  the  "Papers  and  Proceedings  of  the  lioyal  Society  of 
Tasmania  for  18vS2,''  Mr.  K.  Etheridge,  jr.,  described  a  species  of  Cono- 
cephalites which  he  named  CoTiocephalites  f  stephensi  (p.  153),  and  the 
tail  of  a  trilobite  which  is  named  Dikelocephalua  tasvianicus  (p.  155). 

>  Record  a  of  the  Geological  Surrey  of  India,  vol.  22,  18W,  pp.  153-157. 

•Op.  cit.p.  1R7. 

'  Memoii'Aof  Geol.  Sarv.,  India.   Palieontologia  Indica,  ser.  xiii,  voL  1, 1887,  pp.  750>770. 

^Beconln  of  tbe  Geological  Sorrej  of  India,  voL  22, 1880,  p.  154. 

•Op.cit.,p.l57. 
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Aiiotlier  py^idinm  is  identified  as  belongfing  to  the  geuas  Asapbns,  and 
suiall  univalves  wbicU  bave  the  appearance  of  tbe  genus  Opbileta,  of 
Vanuxem.* 

Tbe  trilobites  and  tbe  gasteropods  are  correlated  witb  tbe^Upper 
Cambrian  faana  of  America  and  Great  Britain,  to  tbe  Potsdam  sand- 
stone in  America  and  tbe  Lingnia  flags  of  Wales. 

In  1884  Dr.  Henry  Woodward  described  some  trilobites  from  tbe 
Parara  limestone  of  tbe  Yorke  Peninsula,  Soutb  Australia,  Conocepha- 
lites  avstralis  and  Dolichometopua  tatei.^  He  concludes  tbat  tbe  trilo- 
bites are  clearly  of  Lower  Silurian  age,  being  equivalent  to  tbe  Swedisb, 
Bohemian,  Tasmanian,  and  North  American  beds  witb  similar  fossils. 

A  recent  paper  by  Mr.  K.  Etberidge,  jr.,  on  some  Australian  species 
of  tbe  family  ArchsBocyathinsB  describes  tbe  presence  of  several  species 
of  tbat  family  in  association  witb  trilobitic  remains  at  Ardrassan,  Yorke 
Peninsula,  South  Australia.  Tbe  species  described  are  Ethmophylltim 
hindei,  Protnpharetra  f  scoulari  and  Goseinocj/athns  tniei? 

Tbe  strata  containing  tbe  fossils  are  corn  latod  witb  tbe  Potsdam 
borizon  sandstone  of  America  or  tbe  Lingula  lings  of  Wales.  From 
the  stratigrapbic  position  of  tbe  American  forms  of  Ethniopbyllum 
and  Goscinocyathus  it  is  quite  probable  tbat  tbe  Australian  species 
belong  to  the  Lower  Cambrian  fauna  and  not  to  tbe  Upper,  as  identi- 
fied by  Mr.  Etberidge. 

SOUTH  AMERICA. 

In  1876  Dr.  Emanuel  Kayser  described  a  small  collection  of  Primor- 
dial fossils  made  in  the-  northern  portion  of  the  ArgcMitine  Republic,  in 
the  provinces  of  Salta  and  Jujuy,  by  Prof.  Lorentz  and  Dr.  Hyeroni- 
nius,  of  Cordova.  The  fossils  occur  in  a  micaceous  sandstone,  and  in- 
clude the  genera  Lingula,  Obolus,  Ortbis,  Eyolithes,  Aiiouellus,  Agnos- 
tus  and  Olenus.^  Dr.  Kayser  compares  tbe  fauna  witb  tbat  of  tbe  north 
of  Europe  and  North  America,  and  concludes  that  it  belongs  to  tbe  upper 
zone  of  the  Primordial.  He  calls  attenti  on  to  the  fact  tbat  the  genus 
Paradoxides  is  wanting  and  tbat  Oleiius  appears  in  great  numbers. 
^*This  fact  seems  to  indicate  tbat  our  fauna  belongs  to  the  upper  Pri- 
mordial zone  or  tbe  Olenu  s  stage."^ 

A  glance  at  Pi.  i,  of  Dr.  Kayser's  memoir  proves  that  he  is  correct  in 
the  reference  and  thati  the  fauna  is  of  tbe  type  of  the  Upper  Cambrian. 
From  the  geographical  position  and  character  of  the  fauna  it  is  quite 
probable  tbat  Cambrian  formations  will  be  found  on  the  eastern  slope 
of  tbe  Andes,  as  well  as  the  Cordillera  of  Central  America  and  Mexico, 
if  not  concealed  by  later  deposits. 

1  Papftni  and  Proc  Koyal  Soo.  Taitraania  fur  1882, 1883.  pp.  151-158. 

*Kote  OD  the  reroainaof  trilobitee  from  Soath  Anstralia.  Geol.  Mag.,  new  seiicR,  dec.  in,  toI.  1, 
1884,  pp.  342-344. 

*On  Aorae  Australian  species  of  tbe  family  Arcbeeocyatbinie.  Trans.  Boy.  Soo.  Sooth  Anstralia, 
Tol.  13.  \tm,  pp.  10-'^2,  Pis.  II  and  m.  ^ 

*B«!iirii|{(3  sur  Geolo^e  and  Pal  aeon  tolngie  der  Arj;eutiuischen  Repablik;  u.  Palaeoutologische 
Tboil. ;  vou  Dr.  Braanuei  Kayser,  Cassel,  1870,  pp.  2& 

•Op.clt,i».2A. 


CHAPTER  V. 

PROBLEMS  FOR  INVESTIGATION  AND  SETTLEMENT. 

I.-'  Local  problems  wHhfo  the  subdlrlslon  ofeoeh  proTlnce. 

II.— Problens  affectlHff  our  kuowledire  of  Che  Canbrlaii  group  u  a  whole  or  !■  iorge  pftrto. 
ill.— Prohlens  of  Bonenclatiire  ood  cUsslfleotioo. 

LOCAL  PROBLEMS. 

There  are  many  local  problems  tliat  are  not  mentioned  in  the  follow- 
ing notes.  Witb  the  settlement  of  the  more  important  questions  they 
will  assume  prominence,  and  some  of  them  may  ])rove  to  be  equal  to 
if  not  of  more  import  than  those  now  suggested  for  investigation. 

Newfoundland. — The  proiniuent  qhestions  are: 

(1)  The  determination  of  the  relation  of  the  Cambrian  rocks  of  St. 
Mary's  and  Trinity  Bays  to  the  basal  conglomerate  in  the  Manners 
Brook  section,  to  Ascertain  if  a  series  of  (3:imhri}in  strata  occurs  between 
the  lowest  recognized  Cambrian  on  Conception  Bay  and  Manuel's  Brook 
and  the  preCambriau  rocks  of  Trinity  and  St.  Mary's  Bay,  as  thought 
by  the  Newfoundland  geologists.  If  such  a  series  be  found  Its  fauna 
should  be  carefully  collected  and  studied  with  reference  to  its  being 
basal  Cambrian  or  preCambrian. 

(2)  The  discovery  of  an  unbroken  stratigraphic  section  to  prove  the 
assumed  relations  of  the  Paradoxides  fauna  to  the  Upper  Cambrian 
fauna.  This  will  probably  be  found  in  the  vicinity  of  or  on  the  shores 
of  the  peninsula  west  of  St.  Mary's  Bay  and  the  shores  of  Placentia 
Bay. 

(3)  The  determination  on  the  west  and  northwest  sides  of  the  island 
of  the  relations  of  the  Olenellus  bearing  strata  to  the  subjacent  and 
superjacent  beds  and  the  character  of  the  section  from  its  base  to  the 
limestone  carrying  the  Calciferous  fauua  of  the  Silurian  (Ordoviciau). 

(4)  The  study  of  the  geographic  distribution  and  detailed  sections  of 
the  strata  on  the  southwestern  and  northeastern  coasts. 

(5)  The  relations  of  the  Cambrian  strata  to  the  superjacent  beds  of 
the  Silurian  (Ordovician)  wherever  they  can  be  found  in  the  same  sec- 
tion. 

Nova  Scotia. — ^The  important  question  in  Nova  Scotia,  as  in  Maine 
and  New  Hampshire,  is  the  determination  of  the  geological  age  of  the 
slates  referred  provisionally  to  the  Cambrian.  After  this  come  the 
local  details  of  the  sedimentation  and  paleontology  of  the  Cambrian 
terraue.  Until  the  first  is  decided  very  little  except  conjecture  can  be 
used  in  the  correlation  of  the  slates  with  the  Cambrian  or  other  groups. 
3d0 
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New  Brunswick, — Through  the  eflforta  of  Mr.  G.  F.  Matthew  many  of 
the  problems  rehitiiig  to  theOambrian  system  in  New  Brunswick  have 
been  successfully  solved.    More  information  is  needed  for — 

(1)  The  clearer  identiiicatiou  of  the  Lower  Cambrian  or  Olenellus 
zone  and  its  exact  stratigraphic  relations  to  the  Paradoxides  zone. 

(2)  A  clearer  determination  of  the  Upper  Cambrian  fauna  and  its  re- 
lations to  the  Paradoxides  zone. 

(3)  It  is  desirable  that  more  data  should  be  obtained  upon  the  zo- 
ologic  relations  of  the  different  faunas  to  each  other. 

Maine  and  New  Hampshire, — The  problem  presented  in  Maine  and 
"New  Hampshire  is  essentially  of  the  same  character  as  that  presented 
in  Nova  Scotia.  It  is  the  determination  of  the  presence  of  rocks  of 
Cambrian  ago  by  paleontologic  evidence.  Until  this  is  done  the  other 
liroblems  of  stratigraphic  succession  and  geographic  distribution  of  the 
strata  and  faunas  can  not  be  considered. 

Eastern  Massachusetts. — In  eastern  Massachusetts  it  is  desirable  to 
ascertain — 

(1)  The  stratigraphic  relations  of  the  strata  carrying  the  Olenellus 
fauna  and  Paradoxides  fauna  and  decide  whether  the  Upper  Cambrian 
is  represented  in  the  region. 

(2)  To  obtain  more  paleontologic  data  in  order  to  correlate  the  vari- 
ous outcrops  that  have  been  referred  to  the  Lower  and  Middle  Cambrian 
in  different  portions  of  the  Boston  Basin  and  to  the  south-southwest 
toward  the  Ehode  Island  line. 

(3)  To  identify  and  map  the  Cambrian  rocks  in  detail. 
New  Yorfc.— In  New  York  it  is  desirable  to  ascertain — 

(1)  The  exact  relation  of  the  strata  carrying  the  Olenellus  fauna  to 
those  carrying  the  Upper  Cambrian  or  Patsdam  fauna  about  the  Adi- 
roudacks. 

(2)  The  stratigraphic  succession  and  thickness  of  the  strata  carrying 
the  Olenellus  fauna  in  Kensnelaer  and  Washington  Counties,  and 
whether  the  Middle  and  Upper  Cambrian  can  be  recognized  either  by 
the  faunal  or  lithologic  characters. 

(3)  The  geographic  distribution  of  the  Cambrian  rocks  in  the  Hud- 
sou  Valley  south  of  Rensselaer  County. 

Adirondack  subprovince, — The  most  important  problem  in  connection 
with  this  subprovince  is  the  tracing  of  the  transition  froiu  the  sand- 
stone of  the  Potsdam  about  the  Adirondacks  to  the  offshore  deposit 
represeutod  by  the  shales  and  slates  now  found  beneath  the  limestone 
of  the  marble  belt  of  western  Vermont  and  eastern  New  York.  More 
extensive  collections  of  fossils  are  also  desirable  for  the  purpose  of  in- 
stituting closer  correlations  between  the  faunal  zones  of  the  typical 
Potsdam  section  of  the  Adirondacks  with  that  of  the  correlated  sand- 
stone of  the  Mississippi  Valley  and  elsewhere. 

Vermont — In  Vermont  the  problems  presented  for  study  in  connea- 
tion  with  the  Cambrian  rocks  are  somewhat  of  the  sam^  ^^^^  ^<^V\xv^^j^ 
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of  New  York.    They  differ  in  the  northern  portion,  owing  to  the  vary- 
ing chanicter  of  the  setliinent.     Some  of  the  qncslioim  are — 

(1)  The  relation  of  the  lower  band  of  limestone  (**  Ued  sandrock''), 
bearing  tlie  Olenellus  fauna,  to  subjacent  rock^. 

(2)  The  relation  of  tlie  shore  deposits,  forming  the"  Granular  Qnartz" 
on  the  western  slope  of  the  Green  Mountains,  to  the  off-shore  (feposits, 
forming  the  limestones  ("Bed  Sandroek")  and  shales  (Georgia,  etc) 
carrying  the  Lower  and  Upper  Cambrian  faunas,  in  northern  Vermont. 

(3)  The  change  in  character  of  the  sedimentation  of  the  Cambrian 
rocks  from  the  northern  to  the  southern  part  of  the  State  and  their 
transition  into  the  shale  and  slate  series  of  New  York. 

(4)  The  determination  of  the  extent  of  the  range  of  the  Cambrian 
fauna  in  the  limestones  of  the  "  marble  belf  in  southern  Vermont  and 
the  relations  of  these  beds  to  the  snbjiicent  Cambrian  strata  on  the 
western  side  of  the  "  marble  belt."  The  latter  involves  the  question 
of  the  relation  of  the  slates  and  shales  carrying  the  Olenellus  fauna  and, 
in  part,  the  base  of  what  may  be  a  portion  of  the  Middle  Cambrian 
fauna  to  the  limestones.  The  working  oat  of  the  complicated  struc- 
tural geology  and  the  identification  and  mapping  of  all  the  fordiations 
will  be  required  in  the  solution  of  these  problems. 

(5)  The  determination  of  the  absence  or  presence  of  pnlrontologic 
data  sufficient  to  differentiate  the  three  primary  divisions  of  the  Cam- 
brian group. 

(6)  The  detailed  geographic  distribution  of  the  formations  referred 
to  the  Cambrian  throughout  the  State. 

Canadian  extension. — The  Cambrian  group  on  the  line  of  the  Cana- 
dian extension  north  of  Vermont,  in  the  vicinity  of  Quebec  and  down 
the  St.  Lawrence  River,  requires  detailed  study  in  all  its  parts,  both  to 
determine  the  stratigraphic  succession  and  character  of  the  beds  and 
the  relation  of  the  strata  to  the  subjacent  and  superjacent  series.  One 
of  the  important  problems  presented  is  the  determination  of  the  origin 
of  the  limestone  bowlders  in  the  Point  Levis  conglomerate  that  carry 
the  Upper  Cambrian  fauna,  and  those  of  the  Sillery  shale  that  carry 
the  Lower  Cambrian  or  Olenellus  fauna.  In  fact,  the  entire  Cambrian 
group  of  this  portion  of  Canada  requires  full  investigation. 

New  Jersey. — In  New  Jersey  it  is  desirable  to  ascertain  : 

(1)  The  relation  of  the  quartzite  that  has  been  referred  to  the  Pots- 
dam, to  the  subjacent  Green  Pund  Mountain  rocks. 

(2)  The  representatives  in  New  Jersey  of  the  Pennsylvania  Primal 
slates  of  Prof,  llogers. 

Pennsylvania, — In  the  State  of  Pennsylvania  attention  should  be 
given : 

(1)  To  determining,  by  paleontological  evidence,  the  exact  age  of  the 
quartzite  which  has  been  referred  to  the  Potsdam  sandstone  by  all 
authors. 

(2)  To  a  careful  stndy  of  the  upper  Primal  slate,  for  the  purpose  of 
determining  the  line  of  demarcatlou  V^et^^^n  \Xi^ ^wmfemiw.  ^ad  8ila- 
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ri<in  (Ordoviciaii)  rocks.  This,  apparently,  will  have  to  be  base^l  upon 
the  paleontological  evidence,  as  the  stratigrapbic  series  is  unbroken 
and  there  is  a  gradual  gradation  between  the  schists  or  slates  and  the 
limestone  by  the  intercalation  of  calcareous  beds  in  the  shales  until  the 
latter  predominate  and  form  the  limestone  series.  This  investigation 
can  probably  be  best  carried  on  in  York  and  Adams  Counties  and  the 
western  portion  of  Lancaster  County. 

(3)  The  relation  of  the  quartzite  to  the  subjacent  rocks  also  requires 
careful  investigation  all  along  the  line  of  contact  of  the  two  terranes. 

(4)  Another  problem  that  requires  investigation  is  whether  the  Pri- 
mal slates  and  schists  graduate  into  limestones  to  the  east  and  north- 
east of  Lancaster  County,  or  whether  there  is  a  line  of  uncomformity, 
by  uon  deposition,  between  the  quartzite  and  limestone  in  Chester, 
Berks,  Bucks,  Lehigh,  and  Northampton  Counties.  In  other  words, 
whether  the  portion  of  the  Cambrian  section  as  found  in  York  and 
Adams  Counties  is  absent  in  the  counties  to  the  northeast,  or  if  it  be 
represented  by  the  lower  portion  of  the  limestone  series. 

Virginia. — The  knowledge  of  the  stratigrapbic  position  of  the  rocks 
referred  to  the  Cambrian,  in  Yirginia,  is  in  a  much  more  satisfactory 
condition  than  that  of  Pennsylvania.  It  is  desirable,  however,  that 
attention  be  given  to : 

(1)  The  changes  in  the  character  of  the  sedimentation  from  the  Ten- 
nessee line  north  to  the  Potomac,  and  also  the  changes  in  the  character 
of  the  sediment  between  the  shore  deposits  of  sand  and  conglomerate 
and  the  off  shore  deposits  of  shale  and  calcareous  matter. 

(2)  The  paleontologic  evidence  of  the  geologic  age  of  the  strata  re- 
ferred to  the  Cambrian,  is  very  defective,  and  investigation  in  this  line 
should  be  made  throughout  the  State. 

North  Carolina. — The  problems  to  be  considered  in  North  Carolina 
are: 

(1)  The  section  along  the  French  Broad,  so  as  to  determine  the  age 
of  the  strata  and,  if  Cambrian,  ascertain  the  stratigraphic  position  of 
the  limestones,  shales,  sandstones,  and  quartzite  to  each  other  and  to 
the  sections  of  eastern  Tennessee. 

(2)  About  the  same  problem  is  presented  in  the  rocks  on  the  line  of 
the  Uiwassee  section,  in  the  southwestern  portion  of  the  State. 

Tennessee. — The  questions  requiring  investigation  in  Tennessee  are: 

(1)  The  stratigraphic  relations  of  the  Chiihowee  formation  to  the 
Knox  sandstone  and  Shale  series. 

(2)  The  relations  of  the  eastern  shore  deposits  to  the  off-shore  deposits 
westward  of  the  pre-Cambrian  rocks. 

(3)  The  collection  and  the  study  of  the  faunas  of  the  Chiihowee  and 
Knox  shale  formations. 

(4)  The  geographic  distribution  of  the  strata  and  the  vertical  range 
of  the  faunas. 

Georgia  and  Alabama. — The  entire  Cambrian  secUow  oi  Vj^ox^\^^\\^ 
Alabama  need^  (g  be  worked  oat  stratigraphicaWy^  e^p^vi^W^  Wi^x^^d^^ 
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lion  of  tbe  Coosa  Valley  shales  to  the  quartzites  referred  to  the  Cliil- 
howco  formation  of  Tennessee.  The  fauna  of  the  shales  is  large  and 
varied,  and  should  be  studied  in  connection  with  that  of  the  Cambrian 
section  of  Tennessee  and  New  York. 

Utah  and  Nevada, — The  problems  awaiting  solution  in  the  study  of 
the  Cambrian  rocks  of  Nevsula  and  Utah  are  of  an  unusually  interesting 
character.    Those  that  suggest  themselves  are: 

(1)  The  study  of  the  basal  beds  of  the  Ca  mbriau,  and  the  possible  ex- 
tension of  the  Olenellus  fauna  down  into  the  quartzite  series  beneath 
wh^t  is  now  recognized  as  the  Olenellus  zoue.  From  all  that  is  known 
to  me  of  the  rocks  in  Nevada  and  Utah,  I  think  that  in  western  central 
Nevada  the  best  opportunity  will  be  found  for  the  discovery  of  the 
faunas  preceding  the  present  recognized  base  of  the  Cambrian.  Dur- 
ing later  Algonki^n  time  there  appears  to  have  been  a  great  accumu- 
lation of  arenaceous  and  siliceous  sediments  along  the  line  of  the  Wa- 
satch and  extetiding  westward  into  central  Nevada.  In  western  Nevada 
they  are  more  shaly  and  calcareous,  and  it  is  possible  that  the  condi- 
tions under  which  they  were  deposited  were  more  favorable  for  tho 
presence  and  preservation  of  the  life  of  that  period. 

(2)  The  careful  and  detailed  study  of  the  great  Cambiian  section  of 
central  Nevada  for  the  purpose  of  determining  the  full  sequence  of  life 
throughout.  Our  prese  nt  knowledge  of  it  is  very  incomplete,  and  there 
are  many  gaps  that  ca  n  probably  be  filled  in  by  detailed  work  and  the 
careful  collection  of  the  fauna  in  connection  with  the  study  of  strati- 
graphy and  sedimentation. 

(3)  The  study  of  the  sections  from  the  Wasatch  westward  to  western 
Nevada  for  the  purpose  of  determining  the  change  of  sedimentation  and 
life  from  east  to  west. 

(4)  Another  important  subject  of  investigation  is  the  transition  be- 
tween the  Upper  Cambrian  and  Ordovician  faunas.  This  has  been  par- 
tially worked  out  in  the  Eureka  district  section,  but  there  still  remains 
much  to  be  learned  by  careful  detailed  study  of  the  sediments  and 
faunas  in  the  field. 

(5)  One  of  the  unsolved  ]>roblems  of  Utah  is  the  question  of  the  geo- 
logical age  of  the  quartzite  beneath  the  Carboniferous  limestone  sur- 
rounding the  main  quartzite  series  of  the  Uinta  Mountains.  It  is 
probable  that  there  is  a  series  of  Cambrian  rocks  beneath  the  limestone 
and  above  the  quartzite  as  in  the  Big  Cottonwood  Canon  section  of  the 
Wasatch  liange;  but  it  will  remain  an  open  question  until  paieonto- 
logic  evidence  is  obtained. 

Colorado. — Investigation  in  Colorado  should  be  directed  toward  dis- 
covering fossils  in  the  strata  referred  to  the  Upper  Cambrian  zone,  and 
to  verifying  the  exact  stratigraphic  position  of  the  beds  carrying 
Dikelocephalus  at  Quandary  Peak. 

Itocky  Mountains, — In  the  eastern  district  of  the  Rocky  Mountain 
Province  it  is  desirable  that  close  study  should  be  made  of  the  various 
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sections  of  the  eastern  ranges  of  Colorado,  Wyoming,  and  Montana, 
for  the  purpose  of  detecting  the  presence  and  character  of  the  f»una  as 
a  means  of  correlating  the  strata  with  those  of  the  Black  Uills  and  the 
upper  Mississippi  Valley.  On  the  western  silie,  in  southeastern  Idaho, 
the  Gallatin  Eiver  section  needs  special  investigation  in  order  to  cor- 
relate it  with  the  sections  of  Nevada,  lieference  to  what  is  required  in 
Utah,  Nevada,  and  Colorado  has  already  been  made. 

Arizona. — It  is  desirable  that  larger  collections  should  be  made  from 
the  lower  sandstone  of  the  Cambrian  section  in  the  Grand  Gaflon  area, 
and  that  the  geographic  distribution  of  the  Cambrian  in  western  Arizona 
be  determined. 

Upper  Mississipjn  Valley. — Through  the  work  of  the  Wisconsin  and 
Minnesota  surveys  our  knowledge  of  the  Upper  Cambrian  sandstone  is 
unusually  complete.  It  is  desirable  that  more  information  should  be 
obtained  in  relation  to  the  distribution  of  the  fauna  in  the  section  and 
to  ascertain  whether  the  Middle  Cambrian  fauna  accompanied  the  in- 
vasion of  the  sea  that  deposited  the  lowest  beds  of  the  terrane. 

To  determine  the  age  of  the  sandstones  on  the  south  shore  of  Lake 
Sui)orior  it  is  still  necessary  to  obtain  paleontologic  evidence  to  enable 
the  geologist  to  state  positively  that  the  sandstones  are  the  geologic 
equivalent  of  the  fossiliferous  sandstone  of  the  central  area  of  Wiscon- 
sin. It  is  also  desirable  to  trace  the  continuation  of  the  recognized 
fossiliferous  Upper  Cambrian  sandstone  directly  west  of  Green  Bay, 
Wisconsin,  with  that  occurring  on  the  south  shore  of  Lake  Superior. 
The  definite  settlement  of  these  two  problems  will  remove  what  has  long 
been  the  source  of  contention  among  geologists. 

MinsourL — It  is  desirable  that  the  exact  line  of  demarcation  between 
the  Upper  Cambrian  and  Silurian  (Onlovician)  zones  should  be  deter- 
mined and  more  poisitive  paleontologic  data  be  obtained  of  the  relative 
Btratigraphic  position  of  the  beds  with  those  of  other  areas  that  are 
now  referred  to  the  Cambrian. 

T(Wa«.— The  information  in  relation  to  the  Cambrian  area  of  central 
Texas,  in  Llano  County,  is  suflicient  for  most  goolo;*ic  purposes,  although 
more  detailed  information  as  to  the  horizontal  distribution  of  the  fauna 
and  the  presence  or  absence  of  the  Middle  Cambrian  fauna  is  desirable. 
The  principal  question,  however,  is  the  investij^ation  of  the  supposed 
Cambrian  in  the  vicinity  of  El  Paso  and  the  southwestern  portion  of 
the  State. 

PROBLEMS  AFFECTINO  OUR  KNOWLEDGE  OP  THE  CAMBRIAN  GROUP 

AS  A  WHOLE  OR  IN  LARGE  PARTS. 

A  glance  at  the  map  delineating  the  distribution  of  the  Cambrian 
strata  as  shown  by  outcrops  in  North  America,  PI.  i,  reveals  at  once 
the  fact  that  we  s\re  dealing  almost  entirely'  with  a  marginal  or  coast 
series  of  sediments  that  are  largely  covered,  over  gi^at  vkt^ai^^X^^  \diVKt 
Bull  81 25 
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deposits.  It  in  only  here  and  there  that  a  deep-seated  disturbance  bas 
brought  up  the  sediment  that  accuoiuhited  at  some  distance  from  the 
shore  line.  In  Vermont  and  Nevada,  especially  in  the  latter,  the 
calcareous  sediments  forming  the  limestone  have  been  brought  to  the 
surface.  In  the  great  interior  area  of  Wisconsin,  Missouri,  Texas,  and 
the  eastern  front  of  the  Rocky  Mountains  and  the  northern  line 
between  Canada  and  New  York  nothing  is  known  of  the  deeper  water 
deposits,  if  any  such  existed. 

We  know  something  of  the  sediments  that  accumulated  along  the 
western  shore  line  of  the  Appalaciiian  protaxis;  but  what  was  de- 
posited over  the  area  of  which  Ohio,  Indiana,  Kentucky,  Tennessee, 
northwestei*n  Alabama,  Mississippi,  northern  Texas,  Indian  Territory, 
Kansas,  and  Nebraska  forms  a  part  we  know  notliing. 

From  the  fact  that  in  Texas,  Missouri,  the  Upi>er  Mississip])i  Valley, 
along  the  eastern  front  of  the  Kocky  Mountains,  and  in  New  York  and 
Canada  west  of  the  Adirondacks  the  deposits  fire  such  as  wouhl 
accumulate  in  a  shallow  sea  not  tar  distant  irom  the  shore  line  it  has 
been  assumed  that  the  Cambrian  ocean  of  tliis  great  area  was  rela- 
tively shallow.  I  tlihik  that  during  Lower  and  Middle  Cambrian  times 
the  entire  interior  continental  area  was  above  the  sea  level.  These 
opinions  are  biiseil  on  the  character  of  the  deposits  and  the  abseiice  of 
the  sediments  of  the  Lower  and  Middle  Cambrian.  The  great  problem 
in  this  connection,  however,  is  to  determine  how  far  the  pre  Cambrian 
continent  extended  to  the  south  and  east  and  what  its  relations  were 
to  the  offshore  ridges  of  the  eastern  and  western  margins,  along  which 
we  now  find  deposits  of  Lower  and  Middle  Cambrian  age. 

A  careful  study  of  the  sections  in  Pennsylvania,  Virginia,  Tennessee, 
Georgia,  and  Alabama  may  throw  some  light  upon  the  question  on 
the  southeastern  side.  Over  the  remaining  portions  of  the  great  cen- 
tral area  no  natural  outcrops  are  known,  and  there  seems  to  be  no  way 
of  obtaining  information  except  by  very  deep  borings. 

The  question  of  the  relations  of  the  Middle  Cambrian  fauna  of  the 
Atlantic  Coast  Province  to  that  of  the  Appalachian  and  Rocky  Moun- 
tain Provinces  is  one  that  can  be  settled  only  by  a  close  and  careful 
study  of  the  faunas,  based  on  large  collections  methodically  made 
throughout  the  entire  areas  of  the  three  provinces.  That  the  Middle 
Cambrian  or  Paradoxides  fiiuna  of  the  Atlantic  Coast  Province  is  rep- 
resented by  a  very  different  fauna  in  the  Rocky  Mountain  Province 
there  is  not,  I  thigk,  any  question.  It  is  also  well  proved  that  the 
latter  fauna  is  present  to  a  less  extent  in  the  Appalachian  Province. 

Throughout  the  Rocky  Mountain  Province,  except  in  British  Colum- 
bia, the  Olencllus  or  Lower  Cambrian  fauna  is  confined  to  a  very  nar- 
row zone,  while  in  Vermont  it  ranges  through  1,000  feet  of  limestone 
and  up  into  the  superjacent  shales.  In  New  York  it  has  a  range  through 
a  great  thickness  of  shales,  slates,  interbedded  limestones,  and  sand- 
stunein)  and  one  of  the  problems  requiring  investigation  is  the  downward 
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extensioD  of  this  fauna  in  the  series  of  shales,  slates,  and  sandstones 
beneath  the  now  known  Olenellus  horizon  of  the  western  liocky  Moan- 
tain  Province.  The  lower  series  of  slates  and  quartzites  have  been 
tentatively  referred  to  the  Al^onkian,  but  it  is  quite  probable  that 
they  will  be  found  to  c;irry  the  Olenellus  fauna  to  a  considerable  depth, 
and  a  pre-Olenellus  fauna  may  yet  be  discovered. 

The  problem  of  the  downward  extension  of  the  Cambrian  faunas  also 
requires  investigation  in  the  Appalachian  Province,  especially  in  the 
southern  portion — in  Tennessee,  Georgia,  and  Alabama.  The  basal 
limit  of  the  Cambrian  is  now  drawn  at  the  Olenellus  zone,  but  in  the 
absence  of  any  subjacent  fauna  there  still  remain  the  problems  of  the 
downward  extension  of  the  Cambrian  fauna  aud  of  the  existence  of  a 
pre-Cambrian  fauna  that  may"  have  lived  in  the  Appalachian  seas. 

A  local  question  of  interest  may  be  here  introduced,  as  it  affects  a 
considerable  area  and  involves  conditions  of  sedimentation  unknown 
elsewhere  in  the  Cambrian.  It  is  the  question  of  the  place  of  deriva- 
tion and  mode  of  transportation  of  the  bowlders  of  the  limestone  con- 
glomerates that  carry  in  the  lower  zone,  the  Lower  Cambrian,  and  in  the 
upper  zone  the  Upper  Cambrian  fauna  found  along  the  southern  shore 
of  the  St.  Lawrence  Eiver  froui  Quebec  to  Gasp^. 

One  of  the  problems  partially  solved,  and  one  that  still  requires  in- 
vestigation, is  the  relation  of  the  pre-Cambriau  topography  to  the  sedi- 
ments deposited  upon  it,  to  determine  the  source  of  sediments  aud  the 
habitat  of  the  faunae. 

Along  the  Atlantic  coast  the  presence  of  the  pre-Cambrian  shore  line 
with  a  varied  coast  topography  is  clearly  distinguishable,  and  it  is  evi- 
dent that  the  Cambrian  strata  now  occupy  the  same  relative  position  to 
the  pre-Cambrian  as  the  sediments  did  when  they  were  deposited.  The 
same  is  true  of  the  shore-line  deposits  along  the  western  margin  of  the 
Appalachian,  pre-Cambrian  protaxis,  and  the  sediments  about  the  Adi- 
rondack area.  Between  the  Adirondacks  and  the  Green  Mountains  a 
great  thickness  of  Cambrian  rocks  appears  to  have  been  dei>osited  in  a 
deep,  relatively  narrow  sea;  but  what  the  conditions  were  to  the  west- 
ward of  the  long  line  of  the  eastern  boundary  of  the  Appalachian  Prov- 
ince is  one  of  the  questions  requiring  solution.  The  same  is  true  of  the 
western  limits  of  the  sediments  now  exposed  in  the  gieat  uplifts  of 
central  Nevada  and  British  Columbia. 

The  questions  arising  from  the  study  and  comparison  of  the  various 
provinces  all  require  a  more  thorough  investigation  of  the  sections  of 
the  western  Rocky  Mountain,  Appalachian  and  Atlantic  Coast  Prov- 
iuces.  They  bear  upon  the  nomenclature  and  classitication  to  be  adopted 
for  the  Cambrian  group ;  and  not  until  we  have  a  more  thorough  knowl- 
edge of  the  sections  of  northern  Vermont,  New  York,  Tennesse,  British 
Columbia,  and  Nevada  can  the  classificatiou  be  considered  more  than  a 
provisional  one. 
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PBOBLEMS  OF  NOMENOLATUBE  AND  CLASSIFICATION. 

The  name, — It  is  still  a  debatable  question  Tvith  a  few  geologists, 
wLetber  we  sball  follow  the  present  general  usage  ami  use  the  name 
Cambrian  group,  with  the  area  of  Cambrian  in  Wales  as  its  type  and 
the  descriptions  of  Prof.  Adam  Sedgwick  as  the  chissical  description  of 
the  group,  or,  in  opposition  to  this,  adopt  the  name  Taconic,  proposed 
by  i)r.  Ebenezer  Emmons,  with  the^rea  of  Berkshire,  Rensselaer,  and 
Washington  Counties,  east  of  the  Hudson  River,  in  New  York,  as  the 
type,  and  the  papers  of  1842  and  1844  of  Dr.  Emmons  as  the  classical 
description  of  the  group. 

While  recognizing  the  fact  that  the  name  Taconic  has  certain  claims 
upon  the  sentiment  of  Americans,  I  have  stated  elsewhere  that  I  think 
the  interests  of  geology  are  best  served  by  adopting  the  term  Cambrian, 
as  has  been  done  by  the  great  majority  of  geologists. 

The  limit  of  the  group. — The  delimitation  of  the  upper  limit  of  the 
group  by  geologists  who  recognize  it  as  distinct  from  the  superjacent 
Silurian  (Ordovician)  has  varied  to  the  extent  of  placing  the  arenaceous 
deposits  of  the  shore  line,  or  the  strata  referred  to  the  Potsdam  sand- 
stone, in  the  Silurian,  or  including  the  superjacent  Calciferous  .forma- 
tion in  the  Cambrian.  To  a  large  e^ctent  this  difference  of  opinion  is 
based  upon  the  evidence  of  the  local  physical  conditions  of  sedimontii- 
tion,  and  not  upon  the  included  faunas.  If  we  adopt  iis  the  principle  of 
classification  that  the  delimitation  of  the  great  geological  groups  must 
rest  upon  the  broad  zoological  characters  of  their  included  faunas  and 
not  on  local  stratigrajiLic  breaks  between  certain  series  of  rocks,  or  on 
local  differences  of  sedimentation,  the  line  of  demarkation  between  the 
Cambrian  and  Silurian  (Ordovician)  is  to  be  drawn  where  the  marked 
characters  of  the  Cambrian  fauna  give  way  to  those  of  the  Ordovician. 
Xhat  this  principle  is  the  only  sound  one  upon  which  to  base  the  delim- 
itation of  a  group  is  proved  by  the  fact  that  there  is  no  other  relatively 
constant  character  upon  which  to  rely  in  geologic  class! dcation.  That 
it  is  often  arbitrary  is  known  to  all  working  geologists. 

The  line  of  demarcation  along  the  northern  and  eastern  sides  of  the 
Adirondacks  is  between  the  upper  beds  of  the  Potsdam  sandstone  an<l 
the  calcareous  layers  of  the  Calciferous  foruiation.  On  the  south  side, 
in  Saratoga  County,  it  is  drawn  in  a  series  of  liniestoneH,  where  the 
characteristic  Upper  Cambrian  fauna  disappears  and  the  types  of  the 
Silurian  (Ordovician)  fauna  appear.  In  western  Vermont,  20  miles 
from  where  the  division  is  made  between  the  Potsdam  and  Calciferous 
formations,  the  line  is  drawn  in  a  series  of  black  argillaceous  shales, 
somewhere  between  a  horizon  carrying  characteristic  Upper  Cam- 
brian fossils  and  another  horizon  some  distance  above,  in  which 
characteristic  Calciferous  fossils  are  found.  In  the  Southern  Appala- 
chian Province,in  East  Tennessee,  the  line  of  demarcation  is  not  at  the 
base  of  the  limestone  series,  bat  at  a  point  in  the  lower  portion  of  it, 
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where  the  characteristic  Upper  Cambrian  fauiia  disappe«nra  and  the 
Silarian  (Ordovician)  faiina  begins  to  predominate*  This  same  prin- 
ciple of  demarcation  is  followed  in  the  limeHtoiie  series  of  central 
Nevada,  while  over  the  interior  continental  area  it  is  largely  drawn  at 
tbe  summit  of  the  sandstone  carrying  the  Upper  Cambrian  fauna  and 
at  the  base  of  the  limestone  in  which  the  Calciferous  fauna  occurs.  In 
some  instances,  however,  the  Upper  Cambrian  fauna  extends  up  into 
the  Calciferous  beds,  and  in  such  the  line  of  demarcation  occurs  in  the 
Calciferous  zone. 

It  is  not  always  possible  to  delineate  on  the  map  such  close  lines  of 
demarcation  within  a  formation,  and  for  the  sake  of  convenience  it 
may  be  well  to  map  the  formation  by  their  lithologic  characteristics  and 
describe  in  the  text  the  line  of  delimitation  between  the  groups.  When, 
however,  the  line  between  two  groups  occurs  in  a  limestone,  as  in  the 
Pogonip  limestone  of  the  Eureka  district,  Nevada,  and  there  is  suffi- 
cient paleontologic  evidence  to  demonstrate  it,  the  line  should  be  drawn 
on  the  map  at  the  point  indicated  by  the  faunas. 

The  probleois  in  connection  with  the  delimitation  of  the  summit  of 
the  Cambrian  group  remain  to  be  studied  in  nearly  all  portions  of  the 
various  provinces.  In  some  they  are  fairly  well  settled,  but  there  still 
remains  much  to  be  done  in  the  way  of  collecting  the  faunas  and  study- 
ing their  vertical  distribution  in  the  strata. 

Is  the  basal  line  of  the  Cambrian  group  at  the  lowest  limit  at  which 
the  Olenellus  fauna  is  found  t  Where  this  lowest  limit  occurs  at  the 
base  of  a  conformable  series  resting  unconformably  upon  preCambriau 
rocks  there  is  no  difficulty  in  answering  the  question.  But  where  it 
occurs  in  the  midst  of  a  conformable  series  and  there  i^main  thousands 
of  feet  of  sediments  beneath  the  Ulenellus  zone,  as  in  Nevada  and  Utah, 
it  still  remains  a  problem  for  consideration.  On  the  general  proposi- 
tion that  I  would  not  refer  to  the  Cambrian  any  rocks  beneath  the 
Olenellus  zone,  the  subjacent  strata  of  the  western  Bocky  Mountain 
area  were  referred  to  the  Algbnkian  in  the  ysLper  reviewing  the  Lower 
Cambrian  or  Olenellus  fauna  published  in  the  tenth  annual  report  of 
the  U.  S.  Geological  Survey.  I  think,  however,  it  is  a  question  for  dis- 
cussion and  research,  as  the  Olenellus  fauna  has  a  great  vertical  and 
time  range  in  the  Northern  Appalachian  Province,  while  in  the  South- 
ern liocky  Mountain  Province  it  is  limited  to  the  very  narrow  band  of 
strata  at  the  summit  of  the  siliceous  series  of  slates  and  quartzites. 

That  the  question  of  how  the  Cambrian  shall  be  divided  in  America 
still  requires  investigation,  with  special  relation  to  the  classification 
to  be  applied  in  the  various  provinces,  is  well  known.  The  three  pri- 
mary divisions  of  the  Cambrian  (Lower,  Middle,  and  Upper)  are  readily 
recognized  in  Newfoundland,  and  that  one  or  the  other  of  these  divi- 
sions can  be  distinctly  recognized  in  the  other  provinces  has  been 
proved. 

In  the  Interior  Continentiil  Province  only  the  Uv>p^t  OoiiiivX^TVdkXi^  V\\\\ 
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Ms  distinct  sedimentation  and  fauna,  is  known,  and  uootber  appears  to 
liavo'beeu  deposited.  In  the  Appalachian  Province,  in  Vermont,  the 
Lower  Cambrian  is  readily  separated  by  organic  remains  and  sedimen- 
tation ;  bat  with  oar  present  knowledge  it  is  impossible  clearly  to  dis- 
tingnish  between  the  Middle  and  GTpper  Cambrian.  The  same  is  true 
throaghoot  the  Appalachian  region,  except  in  the  Adirondack  sab- 
province,  where  the  Upper  Cambrian  is  well  developed.  In  the  Bocky 
Mountain  Province  the  Lower  Cambrian  is  distinctly  developed,  bat  the 
Middle  and  Upper  merge  more  or  less  into  each  other.  The  problems 
in  this  connection  requiring  investigation  are  clearer  deliroitntions  of 
the  Middle  and  Upper  Cambrian  in  the  Appalachian  and  Kocky  Moun- 
tain Provinces,  both  by  the  careful  study  and  comparison  of  the  sec- 
tions and  the  collecting  and  differentiation  of  the  faunas. 

It  is  not  anticipated  that  uniformity  will  be  found  to  exist  in  each  of 
the  primary  subdivisions ;  the  sedimentation  of  the  various  provinces 
is  too  unlike.  The  three  divisions  will  have  to  be  used,  if  at  all,  in  a 
somewhat  arbitrary  manner  in  some  of  the  areas,  just  as  the  greater 
division  of  the  Cambrian  is  arbitrarily  separated  from  the  Silurian 
(Orilovician)  where  no  physical  line  of  division  is  apparent.  We  recog- 
nize the  Cambrian  group  as  a  convenient  means  of  classification,  but 
its  subdivisions  must  be  controlled  by  the  needs  of  the  local  geologist 
and  not  used  unless  distinctly  recognized. 


OHAPTBE  VI. 

THE  CRITERIA  AND  PRINCIPLES  USED  BY  AUTHORS  IN  THE  COR- 
RELATION OF  THE  VARIOUS  PARTS  COMPOSING  THE  GROUP, 
WITH  OBSERVATIONS  ON  SOME  METHODS  OP  CORRELATION. 

niSTOBIOAL  NOTES. 

The  earlier  American  geologists  took  their  first  views  of  classification 
and  principles  of  correlation  mainly  from  European  auMiors.  *  Among 
the  latter  Dr.  John  Woodward  said  early  in  the  cigbteeuth  century  in 
his  "  Natural  History  of  the  Earth  " : 

That  the  stone  and  other  terrestrial  matter  in  France,  Flanders,  Holland,  Spain, 
Italy,  German 3',  Rnssia,  and  Sweden  were  dlstiiir^nished  in  strata  or  layers  as  it  is  in 
England  ;  that  these  strata  were  divided  by  parallel  layers ;  that  there  were  inclosed 
In  the  stone  and  all  the  other  denser  kinds  of  terrestiial  matter  great  numbers  of  the 
shells  and  other  productions  of  the  sea  in  the  same  manner  as  in  that  of  this  island.' 

This  is  one  of  the  earliest  correlations  of  stratified  and  fossiliferous 
rocks.  It  is  crude  and  indefinite  as  compared  with  modern  correlation, 
but  the  general  method  of  comparing  stratified  fossiliferous  rocks  be- 
cause they  are  stratified  and  fossiliferous  was  inaugurated. 

Dr.  Abraham  Werner,  in  Germany,  gave  systematic  form  to  descrip- 
tive geology  in  the  latter  part  of  the  eighteenth  century;  while  about 
the  same  time  Prof.  William  Smith,  in  England,  applied  organic  re- 
mains in  geologic  investigation,  and  correlated  formations  in  various 
parts  of  the  British  islands  by  their  contained  fossils.  A  little  later 
Baron  George  Cuvier  was  establishing  in  France  the  great  princi])les 
of  the  succession  of  varying  organic  remains  in  the  strata  and  their 
difierentiation  from  living  forms. 

AMERICA. 

Maclure, — In  America  Mr.  William  Maclure  was  among  the  first  to 
take  advantage  of  the  principles  of  classification  enunciated  by  Dr. 
Werner,  and  we  find  the  correlations  made  by  him  in  preparing  his 
geological  maps  were  based  entirely  upon  lithologic  and  stratigraphic 
evidence.  This  is  stated  in  the  first  paragraph  of  the  introduction  to 
his  paper:' 

Necessity  dictates  the  adoption  of  some  system.  So  far  as  respects  the  classifica- 
tion and  arrangement  of  names  the  Wernerian  appears  to  be  the  most  snitable,  first, 
because  it  is  the  most  perfect  and  extensive  in  its  general  outlines,  and  secondly, 

*An  Essay  towaifls  a  Natural  Hinto.y  of  the  Earth  and  Terrestrial  Bodies.    LoiuIod,  3d  ed.,  1723. 
'ObMryationa  oo  the  Qeology  of  the  United  States  explanatory  of  a  geological  map.    Am.  Phil.  Soo. 
Traua.,  rol.  0, 1809,  pp.  411, 412. 
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tbe  nntaro  and  rolativo  sitnation  of  the  minerals  in  the  Uuited  States,  while  they  are 
certainly  the  most  extensive  of  any  fichl  yet  examined,  may  iierhaps  be  fonnd  t-o  be 
the  most  correct  oliicidatiou  of  the  <;eneral  exactitude  of  that  theory  as  respects  the 
relative  position  of  the  different  series  of  rocks. 

On  tbo  map  four  great  classes  of  rocks  are  recognized:  Class  I,  Primi- 
tive rocks;  II,  Transition  rocks;  III,  Secondary  rocks;  IV,  Alluvial 
rocks.  Tbe  presence,  of  rock  salt  in  tbe  soutbern  Appalaebiau  is  rec- 
ognized by  a  separate  color. 

In  tbe  text'  tlie  Primitive  rocks  are  divided  into  fourteen  varieties, 
the  Transition  into  five  varieties,  tbe  Secondary  into  twelve,  and  tbe 
Alluvial  into  seven.  In  traversing  tbe  country  Mr.Maclure  noticed  tbe 
presence}  of  any  one  of  tbese  rocks  at  tbeir  various  outcrops,  and 
thus  correlated  tbe  geological  formations  that  presented  similar 
characters,  In  the  second  edition  of  his  work'  two  methods  of  ex- 
amining and  correlating  tbe  rocks  are  given  : 

The  first,  tbe  accurate  investigation  of  a  small  portion  of  the  sur- 
face, describing  exactly  tbe  different  rocks  with  tbeir  immense  variety 
of  arrangement  and  position  of  their  component  parts,  detailing  the 
changes,  accidental  or  natural,  constantly  occurring  in  their  relative 
situation,  and  endeavoring  to  reduce  the  whole  to  some  regular  series 
of  arrangement.  This  method  necessitates  tbe  reuuiou  of  a  great  num- 
ber of  those  portions  before  any  correct  general  idea  can  be  formed. 

The  second,  beginning  with  the  great  outline,  traces  tbe  limits  which 
divide  the  priuci[)al  classes  of  rocks  and  tbeir  relative  situation  and 
extent.    Mr.  Maclure  favors  the  second,  stating : 

In  tracing  the  ontlines  of  the  different  formations  in  most  countries  there  is  less 
confusion  and  embarrassing  description  necessary  ;  the  limits  once  ascertained,  a  few 
pages  deiine  the  boundaries  and  explain  the  relative  situations  to  the  comprehension 
of  every  reader.' 

FJaton, — After  Mr.  Maclure,  Prof.  Amos  Eaton  was  the  most  impor- 
tant factor  in  the  shaping  of  the  methods  of  geologic  work  in  America. 
By  his  various  X)ublications  and  his  influence  as  a  teacher  he  outlined 
the  methods  and  formulated  the  general  principles  upon  which  geologic 
investigation  was  carried  forward  for  nearly  two  decades.  The  correla- 
tions made  in  bis  earlier  works  were  based  entirely  npoff^the  lithologio 
characters  of  the  rocks.  Believing  in  the  Mosaic  cosmogony,-  he  ex- 
plained the  phenomena  he  observed  in  the  structural  relations  of  the 
rocks  by  the  giving  way  of  the  foundation  of  the  Old  World  prior  to 
the  flood.    He  says  :* 

While  this  tremendous  crash  of  nature  was  going  on,  scales  of  varions  thicknesses 
from  the  various  strata  were  shot  up,  detached,  and  broken,  which  gave  formation  to 
our  surrounding  hills,  the  ragged  cliffs  of  the  Catskill,  and  the  bleak  brow  of  the 

>  Op  cit.,  p.  412. 

*Ob»er nations  on  the  Goolnpry  of  tho  TJnlted  StHtes ;  with  remarks  on  tbe  probable  effocte  that  may 
be  prod  need  by  tbe  (lecoinpo»ition  of  tbe  different  classes  of  rocks  on  the  nature  and  fertility  of  soUs. 
Am.  Phil.  Soc  Trans.,  vnl.  1,  new  ser.,  1817,  pp.  1-91. 

'Op.  cit,  p. 9. 

*  An  index  to  the  Geolni^y  of  the  Kortborn  Slates,  with  a  transverse  seotioa  from  CatekUl  Moontalii 
to  the  AUaiitiOi    LeicoBter,  1818,  pp.  48, 49. 
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Andes.    Some  were  formod  at  tbo  bottom  of  the  smi  by  voIcaDio  Ores,  Gibers  bave 
arisen  from  various  causes  since  tbe  great  deep  retired. 

During  the  deluged  state  of  tbe  earth  many  species  of  animals  were  probably  de- 
stroyed. For  we  continually  find  tbe  petrified  remains  of  species  of  aufhials  now 
totally  extinct. 

From  tbe  latter  observation  it  is  quite  evident  tbat  at  that  time  he 
did  not  consider  fo.«tsils  to  be  of  any  value  in  the  correlation  of  the 
rocks.  In  the  next  edition  of  the  Index  '  his  theories  of  the  origin  and 
first  condition  of  the  surface  and  position  of  the  rocks  are  omitted,  and 
a  more  thorough  description  is  given  of  the  various  rock  masses,  the 
classification  of  which  wns  lithologic  and  baseil  on  the  views  of  Dr. 
Werner.  His  more  extensive  work  of  1824^  shows  that  the  correla- 
tions maile  between  the  rocks  of  the  Hudson  and  those  west  of  the 
Hudson,  along  the  line  of  the  Erie  Canal,  were  based  mainly  upon  their 
lithologic  characters.  For  instance,  the  Calciferous  sandrock  of  the 
Mohawk  Valley,  in  the  vicinity  of  Little  Falls,  New  York,  was  trac*^ 
westward  in  the  vicinity  of  Utica  and  eastward  down  the  Mohawk 
Valley  to  the  vicinity  of  Schenectady,  and  then  correlated  with  a  Cal- 
ciferous sandrock  on  the  cast  side  of  the  Hudson.  This  correlation 
was  made  upon  the  lithologic  character  and  the  stratigraphic  succes- 
sion of  the  rock  masses.  Its  defective  character  is  shown  by  the  fact 
that  the  Calciferous  sandrock  east  of  the  Hudson  is  of  Lower  Cam- 
brian age  and  that  west  of  the  Hudson  is  of  Silurian  (Ordovician)  age. 

Classification  and  correlation  on  the  basis  of  lithologic  character  and 
stratigraphic  succession  was  continued  by  Prof.  Eaton  in  his  work  of 
1828^  and  again  in  his  textbook  of  1830.^  On  the  map  accompany- 
ing the  latter  all  the  quartzose  formations  are  colored  yellow,  all  the 
calcareous  formations  blue,  the  variegated  sandstones  red,  and  the  sub< 
ordinate  rocks  green.  By  this  the  primitive  limestones  of  the  Adi- 
rondacks  ( Algonkian),  the  Lower  Cambrian  limestones  of  Washington 
County,  the  Calciferous  Chazy-Trenton  limestones  of  the  central  por- 
tions of  the  State,  and  the  Lower  Devonian  limestones  of  the  Upper 
Helderberg  are  all  placed  under  one  color. 

In  1832^  he  introduced  a  new  heading  into  his  Text  Book,  as  follows: 
*'  Organized  remains  as  auxiliaries  in  the  determination  of  rock  strata." 
Under  this  he  says : 

Tbe  remains  of  similar  species  of  animals  and  plants  are  fonnd  embraced  in  similar 
series  of  rocks ;  and  tbese  occurrences  are  so  uniform  tbat  rocky  and  eartby  strata 
may  be  determined  by  them.** 

1  Ad  Index  to  tho  Ooolop^y  or  Iho  Northern  Stntofl,  2il  cd..  1820,  pp.  286. 

■A  iceological  aud  ogricaltunil  saivrey  of  tbe  UUtrict  adjoining  tbe  Erie  Caniil,  1824,  pp.  163. 

'Goolojncal  nomenclature,  oxhibit'Od  in  a  Hynopsiii  of  North  American  rocks  and  dotritiia.  Am.  Jour. 
Sei..  vol  14. 1828.  oppo.  p.  144,  pp.  145-140, 35S-3G8. 

*  Geoloji^ical  text- book,  prepared  for  popular  leotnrea  on  North  American  geologj*;  with  applioationa 
to  agriculture  and  tbe  arta.    Albany,  1830,  pp.  64. 

'Geological  text-book  Tor  aiding  the  study  of  North  American  Geology;  being  a  Bysteinatic  ar* 
rangement  of  facts,  collected  by  the  author  and  hU  pupila,  under  the  patronage  of  the  Hon.  Stephea 
Van  Beosselaer.    2d  ed.    Albany,  1832. 

•Op.cit,p.25. 
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lu  connection  with  tbo  diacnssion  of  tbo  presence  of  organic  remains 
in  tlie  rocks  the  following  passage  occurs : 

The  geological  deposits  of  this  country  (and  probably  those  of  the  eastern  conti- 
nent) exhibit  groauds  for  oonjectare  if  not  absolute  demonstration  that  the  sarfaoe 
of  the  earth  has  undergone  ^we  general  modifications,  which  no  animals  snrvived. 
Four  of  these  modifications  w^re  followed  by  as  many  new  creations  of  animals.  Also 
that  two  new  creations  of^animals  succeeded  the  final  depositions  of  all  regular  strata. 
In  the  whole,  there  appears  to  have  been  five  creations  of  animals  at  least  (perhaps 
ton)  since  the  primitive  m  ass  of  the  earth  was  formed,  and  a  long  interval  succeeded 
each  creation.' 

It  is  also  said  that  the  "  remains  or  impressions  of  plants  are  limited 
tocoal  and  coal  formations  wIio.se  relative  position  is  indicated  by  tlieir 
rocky  associates;  tbo  determination  of  rocks  by  their  animal  relics 
serves  as  an  index  to  the  position  of  coal  measures  or  beds.  In  this 
concise  selection  of  the  most  essential  relics  animals  alone  will  be 
noted  which  have  no  backbone  nor  brains"  [invertebrates].* 

Under  the  title  of  "Geological  Equivalents'^  Prof.  Eaton  mentions 
that  relative  position  and  mineral  constituents  were  deemed  sufficient 
by  Werner  for  determining  geological  equivalents.  As  relative  position 
is  the  biisis  of  the  science,  all  other  circumstances  have  always  been 
received  as  auxiliaries  only  so  far  as  chu^siQcatiou  is  concerned.'  JJe 
reasoned  that  as  rocks  can  be  traced  more  or  less  continuously  through- 
out New  York  and  Pennsylvania  the  data  used  by  Werner  are  of 
value;  but —  ^ 

From  a  consideration  of  the  cases  here  referred  to,  intrinsic  characters  more  definite 
than  any  left  us  by  Werner  seem  to  be  essential  to  the  progress  of  the  science.  The 
enumeration  of  mineral  consti  tnents  of  rocks  can  never  be  satisfactorily  applied. 
Unorganized  matter  presents  but  few  character ibtics.  Naturalist  find  it  a  more  dif- 
ficult tasls  to  describe  by  external  characters  about  two  hnndred  and  seventy  species 
of  minerals  than  tifty  (buusaod  species  of  plants  and  a  still  larger  number  of  ani- 
mals. 

It  is  a  subject  of  high  congratulation  to  students  in  geology  of  our  day  that  the 
illustrious  Cuvier,  aided  by  the  Brongniarts  and  their  coadjutors,  have  extouded  the 
science  of  organic  nature  to  the  science  of  geology.  We  are  no  longer  limited  to  the 
enumeration  of  mineral  constituents.  We  lind  the  same  organized  remains  associated 
with  equivalent  strata  in  every  part  of  the  earth,  though  they  often  extend  into 
several  adjoining  strata,  which  are  probably  contemporaneous  or  nearly  so.* 

He  then  proceeds  to  classify  the  strata  as  known  to  geologists  of  both 
continents  by  means  of  some  of  their  organic  associations  in  North 
America.* 

A  few  months  later  he  published  a  paper  on  "  Four  cardinal  points 
in  stratigraphical  geology  established  by  organic  remains,"  saying: 

If  the  identity  of  the  Qranularf  the  Metalliferous,  and  the  Oolitic  calcareoM  rocla, 
and  of  the  Ter/tarv  marls  are  established  on  both  continents  all  intervening  strata 
may  be  ascertained  with  great  facility.  I  think  that  a  reference  to  the  following 
facts  will  be  sufficient  to  establish  their  equivalent  characters  at  least.^* 


» Op.  clt.,  p.  48.  »  Op.  oiL,  pp.  13S-138. 

*  Op  cit.,  p.  25.  *  7oDr  cardisiil  points  in  stratigmphloal  geology 

'  Geological  equivalents.  Am.  Joar.  Soi.,Tol.21,           established  by  organic  remaina.    AnLJoor. 

1832,  pp.  132-1H8.  Sci.,  vol.  21,  1832,  p.  190. 
*Op.ciL,p.l3L 
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The  first  cardinal  point  is  the  Grannlar  liinorock  '<  the  only  lime- 
rock  which  is  always  destitute  of  organic  remains."  The  second  car- 
dinal point  is  the  Metalliferous,  Mountain  or  Carboniferous  limerock. 
Under  this  heading  he  correlates  the  limestone  at  Trenton  Falls  and 
most  of  the  limestones  of  New  York.  The  third  cardinal  point  em- 
braces the  Oolitic  series  or  Calcareous  rocks,  and  the  fourth  the  Ter- 
tiary marls.  These  correlations  of  Eaton  were  crude,  but  when  re- 
fined by  the  geologists  of  the  New  York  State  survey  the  first  three 
formed  the  basis  for  the  correlation  of  the  lower  and  middle  Paleozoic 
rocks  of  the  contineut. 

Bigsby, — The  earlier  work  of  Dr.  J.  J.  Bigsby  was  apparently  un- 
known to  Eaton.  The  former  used  organic  remsi ins  in  a  very  general 
manner  to  correlate  the  strata  of  England  and  America,  but  also  de- 
pended upon  the  lithologic  characters  and  stratigraphic  snceession. 
In  an  article  entitled  '*A  list  of  minerals  and  organic  remains  oc- 
curring in  the  Canadas  "  he  remarks  upon  the  extent  and  relations  of 
the  limestones  and  sandstones  of  the  eastern  and  western  parts  of 
Canada.     Of  the  limestones  he  says: 

Tlivir  relation  to  the  8iibjaceDt  rocks  and  iiuiform  similarity  in  strncture  and  con- 
tent8,  mineral  as  weU  as  organic,  seem  to  indicate  that  the  beds  of  limestone,  extend- 
ing with  few  or  no  interruptions  from  Cnpo  Tourmeut,  below  Quebiro,  to  near  tbo 
Falls  of  St.  Mary,  are  the  effects  of  a  contemporaneous  deposition;  and  furtlicr, 
that  tbey  are  the  representatives  of  the  Mountain  or  Carboniferous  limestone  of  Eng- 
land. 

I  make  these  statements  with  extreme  diffidence,  being  in  some  degree  aware  of 
the  difficulties  of  the  discussion,  of  the  existence  of  contradictory  facta,  few  but 
weighty,  and  of  the  defective  state  of  our  information  respecting  the  vast  calcareous 
formations  of  North  America.^ 

The  reference  to  the  secondary  limestone  of  the  St.  Lawrence  and 
the  lake  region  is  as  follows  : 

The  limestone  now  described  abut-s  on  one  of  the  older  rocks  directly,  or  with  the 
interposition  of  another  horizon tal  stratum,  and  by  far  the  most  coninionly  on 
gneiss,  which  I  have  strong  grounds  for  believing  to  be  of  the  same  age  and  general 
characters  throughout  the  whole  of  the  districts  under  consideration.  It  is  in- 
cnmbent  directly  on  gneiss  in  the  bed  of  the  river  St.  Anne,  near  its  upper  fulls, 
in  the  seigniory  of  St.  Feriole,  Lower  Canada;  at  Montmorenci,  not  far  from  "  the 
natural  steps,"  but  only  seen  in  time  of  low  water;  at  and  near  Point  Henry,  close 
to  Kingston,  Upper  Canada;  and  in  many  places  on  the  north  coast  of  Lake  Huron. 
In  the  last-named  locality  it  rests  directly,  in  several  instances,  on  a  beautiful  snow- 
white  transition  quartz,  which  occupies  the  main  shore  in  steep  hills,  400  and  500 
feet  high,  from  near  the  French  River  to  the  River  Le  Serpent  (70-80  miles).  The 
immediately  subjacent  rock  at  La  Cloche  and  on  the  isles  north  of  tlio  Manitonlines, 
in  the  same  lake,  is  sometimes  a  highly  inclined  greenstone.  Near  Montreal  it 
overlies  directly  crystalline  trap,  containing  augite,  zeolite,  mica,  feldspar,  etc. 

But  ordinarily  a  sandstone,  gray  wacke,  or  a  conglomerate  of  quartzose  or  calcareous 
materials  is  interposed ;  also  in  horizontal  layers.  It  is  to  be  remarked  (en  passant) 
that  mnch  the  greater  part  of  the  gray  wacke  of  Lower  Canada  does  not  belong  to 
this  deposition,  but  is  conformable  to  the  mica-slate,  gneiss,  etc.,  ranging  along  the 
north  shore  of  the  St.  Lawrence,  between  Quebec  and  the  river  Saguenay.     •     •     • 

■  A  list  of  mineral  and  orj^anio  remaiDA  occurring  in  tbe  CaDadaa.    Am.  Jour.  Sci.,  vol.  8^  I^2A^  v^« 
T«,77. 
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The  Bim(l8tonc,  wbicb  is  bcnontli  Ibe  liuicstone  fromnenr  Kingston,  Upper  Canarla, 
to  St.  Anne'Sy  26  miles  nortbwest  of  Moulreal  (174  miles),  is  wbiTc,  bnt  witb  fer- 
rngiDuiis  spots  and  cloads,  bard,  tine  grained,  without  cenieut,  and  contains  thick 
layers  of  large  and  small  nodules  of  crystalline  quartz,  disposed  in  borizonal  lines. 
It  forms  cliiTs  an  hundred  feet  high  in  the  Lake  of  the  Thousand  Islands,  which  rest 
on  the  very  small-graiued  gueis^  (often  a  grauitc)  which  abounds  so  in  the  north  and 
northeast  and  passes  largely  and  frequently  into  primitive  white  quartz  rock,  tbaa 
disclosing  a  possible  sonrce  of  the  sandstone  and  quartz  nodules.  Where  clay  is  the 
cement  an  argillaceous  sandstone  or  graywacke  is  furnished.  The  former  of  these  I 
have  never  seen  in  contact  with  the  inclined  rocks.  It  occurs  very  distinctly  in  the 
chasm  of  the  Niagara,  the  lower  strata  of  which  (aud  particularly  those  on  which 
Queeuston  stands)  are  almost  ferruginous  clay.  The  nearest  primitive  is  on  tbeisoi^li 
shore  of  Lake  Simcoe,  90  miles  off.  From  the  nature  of  the  organic  remains  and  other 
contents  of  the'  limeMones  covering  this  sandstone,  I  am  inclined  t-o  believe  the  latter 
to  be  the  old  red,  which  is  often  thus  intermixed  with  argillaceous  matters.  At  Dun- 
kirk, on  the  south  side  of  Lake  Erie,  Mr.  Hulbert  has  bored  through  these  rocks  to  the 
depth  of  <'82  feet  (117  feet  below  the  surface  of  the  Atlantic)  and  without  meeting  with 
salt.  The  above  observations  apply  to  the  fine  sections  in  the  bed  of  the  Genesee 
River ;  but  I  have  not  sufficiently  examined  the  fossils  in  the  limestone  of  that  locality. 
Its  sandstone  has  large  bnt  indistinct  oasts  of  what  I  suppose  to  be  enorinites,  but 
which  may  be  vegetable,  but  in  either  case  resembling  the  Old  Red  sandstone.  It 
may  be  a<lded  that  it  is  on  the  same  level  with  an(\  not  very  far  from  the  sandhtone 
of  the  vicinity  of  Kingston ;  bnt  similarity  in  level  taken  by  itself  is  not  an  unerring 
test  of  ttimilarity  in  age.  In  one  part  of  a  district  or  lake  granite,  gneiss,  Mc,  may 
attain  a  given  elevation  and  be  there  covered  with  graywacke  only;  while  in  an- 
other and  not  very  distant  place  these  rocks  may  not  rise  to  within  some  thousand 
feet  of  that  height,  and  be  buried  under  all  the  succeeding  strata  up  to  the  Crag 
above  the  London  clay.* 

A  conglomerate  wholly  calcareous  occurs  in  situ  near  the  foot  of  the  Long  Sanlt 
of  the  river  Ottawa,  and-at  the  Coteau  du  lac,  3  miles  below  Lake  St.  Francis,  com- 
posed of  angular  and  rolled  masses,  sometimes  very  large,  of  fine  granular  limestone 
light  brown  and  blue,  imbedded  in  a  dark  browu  paste.  A  similar  rock  occurs  with 
the  liracMtone  about  Poughkeepsie,  in  the  State  of  New  York,  and  at  Aubigny,  oppo- 
site Quebec,  interleaved  with  clay  slate  and  graywacke,  highly  inclined,  aud  having 
a  southwest  direction.' 

The  elements  of  correlation  suggested  in  the  preceding  quotntioiis 
iuchule  lithologic  resemblance,  similarity  of  level  in  a  given  area,  strat- 
igraphic  succession,  and  the  presence  of  organic  remains. 

At  a  later  date  Dr.  Bigsby  noticed  in  the  conglomerates  on  the  south 
side  of  the  St.  Lawrence,  opposite  Quebec,  the  presence  of  trilobites, 
encrinites,  corrallites,  and  other  fossils,  and,  on  this  account,  considers 
the  formation  the  equivalent  of  the  Carboniferous  limestone  of  the 
English  geologists.^ 

James, — One  of  the  earliest  extended  correlations  in  America  is  that 
of  Dr.  Edwin  James.^  In  his  remarks  on  the  sandstone  of  the  western 
part  of  the  valley  of  the  Mississippi  he  first  describes  iu  detail  the  red 
sandstone.'     He  states  that  this  rock  is  the  lowest  of  the  horizontal  or 

»0p.  cit.,  pp.  78-«0. 
»Op.  cit,  p.  81. 

■On  tbe  geology  of  Qaeboo  and  vicinity.    Proc.  Geol.  Sec.  L<indon,  vol.  1»  1827,  p.  38. 
^Jtenmrks  on  tbe  sandstone  and  Floetz  trap  formntions  of  the  weatern  part  of  theralley  of  the 
Misaiasippi.    Am.  PhlL  Soo.  Traua.,  vol.  2,  new  aer.,  1821,  pp.  191-21& 
*  Op.  cit.,  p.  204. 
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Becouclary  rocks  met  with  and  is  very  abundant  in  all  that  part  of  the 
plain  immediately  adjacent  to  the  Rocky  Mountains  which  he  had  ex- 
amined. A  similar  rock  is  met  with  in  the  eastern  part  of  the  State  of 
New  York.  Specimens  from  many  parts  of  the  strata  on  the  Canadian 
River  are  entirely  similar  to  those  quarried  in  Kew  Jersey  and  used 
in  great  quantities  in  the  cities  of  New  York,  Albany,  etc.,  for  build- 
ing. 

^^  Whether  this  sandstone  is  in  all  respects  similar  to  the  *  Old  Red 
sandstone '  of  Werner,  whicli  makes  so  conspicuous  a  figure  in  the 
systems  of  certain  geologists,  we  are  not  able  to  say.  It,  however, 
certainly'  occuiues  a  place  similar  to  the  one  which  has  been  assigned 
to  that  rock."  In  a  foot  note  referring  to  this  statement  it  is  said 
that— 

This  red  sandstone  is  first  found  on  tbe  waters  of  the  lakes  on  the  strait  between 
Lake  Huron  and  Lake  Snpcrior,  and  forms  the  fall  called  the  Snnlt  de  St«.  Maria.' 

it  also  occurs  in  the  Catskill  Mountains  and  in  the  Salt  District  in  the  western  part 
of  the  Htate  of  New  York,  having  a  similar  relation  to  the  secondary  rooks  in  that 
quarler.  *  *  *  Xhe  re«l  saudrock  now  under  consideration  appears  at  one  place 
with  every  character  reiiuisite  to  placo  it  among  the  rocks  of  transition,  at  another 
it  is  manifestly  secondary;  yet  its  continuity  may  be  traced  through  minute  shades 
of  gradation  or  by  a  sudden  transition  from  one  of  these  points  to  the  other.' 

A  review  of  the  preceding  remarks  indicates  that  Dr.  James. sup- 
posed the  Jura-Trias  sandstone  of  the  eastern  foothills  of  the  Rocky 
Mountains,  the  red  sandstone  of  the  Lake  Superior  region  (Algonkian), 
the  eastern  New  York  sandstone  (Upper  Cambrian),  and  the  New  Jersey 
Triage  sandstone  were  of  the  same  relative  geologic  age  as  shown  by 
their  lithotogic  characters  and  supposed  stratigraphic  position. 

BaJxCtcclL — The  publication  of  the  American  edition  of  Mr.  Robert 
Bakewell's  Geology  in  1829  was  an  important  contribution  to  American 
geologic  literature.  It  presents  an  account  of  the  geological  distribu- 
tion of  organic  remains  as  then  understood  and  the  general  principles 
of  geology  as  known  to  English  geologists. 

In  regard  to  correlation  by  fossils  Mr.  Bakewell  says: 

With  respect  to  fossil  conchology  he  is  inclined  to  believe  that  the  attempt  to  iden- 
tify the  strata  of  distant  countries  by  the  Isolated  occurrence  of  any  particular  species 
of  shell  has  been  carried  fnrther  than  a  sonnd  induction  from  facts  or  analogy  would 
warrant.  Ilis  opinion  on  this  subject,  given  in  the  second  edition  of  this  work,  he 
will  here  insert:  "  It  may  be  doubted  whether  the  occurrence  of  similar  organic 
l^mains  is  sufficient  to  identify  strata  in  distant  parts  of  the  globe;  for  could  we 
admit  that  strata  are  universal  formations  and  extended  from  the  frozen  to  the  tor- 
rid zone,  it  seems  more  than  probable  that  the  animals  that  lived  on  any  one  partic- 
nlar  stratum  would  be  of  very  different  species  in  different  latitudes."    •    •     • 

In  strata  belonging  to  one  formation  and  in  adjacent  districts,  the  existence  of  cer- 
tain shells,  whether  we  regard  them  as  distinct  species  or  as  varieties,  may  be  of  use 
in  identifying  any  particular  bed ;  and  in  distant  countries  where  we  find  the  same 
remarkable  species  of  shell  associated  with  any  other  remarkable  species  in  consid- 
erable numbers  it  may  serve  to  identify  a  particular  rock  formation,  where  the  min- 
eral character  of  the  rock  may  be  very  different  from  that  in  which  the  observer  has 

>Op.oiL,i».a09.  >0v.QLt.«^tt^ 
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been  acciistomecl  to  meet  with  ihem.  The  occurronoe  of  a  considerable  nnmber  of 
grypheiB,  tlio  Gtifphea  arcuala  in  a  bed  of  blue  olay  in  the  mountains  aroaud  the 
Lake  of  Auuecy  iu  Savoy,  served  the  author  as  a  key  to  discover  to  what  formation 
the  calcareous  strata  belouged,  when  their  mineral  characters  woald  have  indicated 
a  more  ancient  series.* 

De  la  Beche. — In  1833  an  edition  of  the  Geological  Manual'  of  De  la 
Beche  was  published  in  Philadclpliia.  In  the  section  upon  the  classifi- 
cation of  rocks  we  find  the  following  remarks  upon  chissifiation  by 
organic  remains : 

To  propotie  iu  the  present  state  of  geological  science  any  classification  of  rooks 
which  should  protend  to  more  than  temporary  utility  would  be  to  assume  a  more 
intimate  acqnaintnnce  with  the  earth's  crust  than  we  possess.    Our  knowledge  of 
this  structure  is  far  from  extensive,  and  principally  confined  to  certain  portions  of 
£ui*upe.    Still,  however,  i\  mass  of  information  has  gradually  been  collected,  partic- 
ularly as  respects  this  quarter  of  the  world,  tending  to  certain  general  and  important 
couclusiuns,  among  which  the  principal  are,  that  rocks  may  be  divided  into  twp 
great  cIobsoh,  the  stratified  and  the  nn stratified ;  that  of  the  former  some  contain* 
organic  remains  aud  others  do  not;  and  that  the  nonfossiliferons  stratified  rocks, 
as  a  mass,  occupy  an  inferior  place  to  the  fossiliferons  '  strata,  also  taken  as  a  mass. 
The  next  important  conclusion  is,  that  among  the  stratified  fossiliferons  rocks  there 
is  a  certain  order  of  superposition,  apparently  marked  by  peculiar  general  acon- 
mulations  of  organic  remains,  though  the  mineralogical  character  varies  materially. 
It  has  even  been  supposed  that  iu  the  divisions  termed  formations  there  are  found 
certnin  species  of  shells,  etc.,  characteristic  of  each.    Of  this  supposition  extended 
observation  can  alone  prove  the  truth;  but  it  must  not  be  supposed,  as  some  now 
do,  that  iu  any  accumulation  of  ten  or  twenty  beds,  characterized  by  the  presenod' 
of  distinct  fossils  in  a  given  district,  the  organic  remains  will  be  found  equally  char- 
acteristic of  the  same  part  of  the  series  at  remote  distances.  ^ 

To  suppose  tliat  all  the  formations  into  which  it  has  been  thonght  advisable  to 
divide  European  rocks  can  be  detected  by  the  same  organic  remains  in  various  dis- 
tant points  of  the  globe  is  t-o  assume  that  the  vegetables  and  animals  distribnted 
over  the  surface  of  the  world  were  always  the  same  at  the  same  time,  and  that  they 
were  all  destroyed  at  the  same  moment,  to  be  replaced  by  a  new  creation,  differing 
specifically,  if  not  generically,  from  that  which  immediately  preceded  it.  From  this 
theory  it  would  also  bo  inferred  that  the  whole  surface  of  the  world  possessed  an  nni- 
foim  temperature  at  the  same  given  epoch. 

It  has  been  considered,  but  has  not  yet  been  snfiicioutly  proved,  that  the  lowest 
rocks  in  which  organic  remains  are  found  entombed  show  a  genercil  uniformity  iu 
their  organic  contents  at  points  on  the  surface  considerably  distant  from  each  other, 
and  that  tlii.M  general  uniformity  gradually  disappeared,  until  animal  and  vegetable 
life  became  as  different  in  different  latitudes,  and  even  under  various  meridians,  as 
it  now  is.  Uow  far  this  opinion  may  or  may  not  be  correct  can  only  be  seen  when 
geological  facts  shiill  have  been  sufficiently  multiplied  ;  but  it  is  one  which  demands 
cousideral'le  attention,  as  the  classification  of  fossiliferons  rocks  greatly  depends  upon 
it.  Should  it  eventually  be  found  to  a  certain  degree  correct  it  would  not  be  at  va- 
riance with  the  theory  of  a  central  heat,  which  having  diminished  permitted  solar 
heat  and  light  gradually  to  acquire  an  influence  on  the  earth's  surface.^ 

Numerous  other  European  works  soon  came  into  the  hands  of  the 
American  geologists,  among  them  the  earlier  editions  of  Bakewell, 

iljitroUnction  to  (JeolosY,  Robt.  Bakewell,  1st  American  edition,  New  Haven,  1829,  ppu  82, 88. 

«Geolo;'ical  Mnniial,  Phihidolpbia,  1832. 

■Tilt)  Uitui /ottil^erous  is  here  confined  to  organic  remains. 

*0p.  cJt.,  pp,  33, 34. 
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Lyell,MaDteIl,  and  various  FreDcb  aiul  German  antliors.  Theirinllnence 
is  sho^\u  by  tbe  rai)iil  deveb>i)aicut  of  stratigrapbic  geology  based  upon 
the  principles  establisbed  in  Europe.  Of  tbe  means  of  correlation  avail- 
able to  Prof.  Amos  Eaton  in  bis  earlier  work  be  says,  in  1839 : 

Eaton, --When  I  commenced  my  geological  survey's  the  appHcation  of  organized 
remains  for  demouatrating  strata  was  not  studied  in  America.  I  liad  become  ao- 
qiiaiuted  with  do  method  fur  dutermiiiing  the  character  of  such  strata  but  that  of 
tracing  them  separately  through  a  vast  extent  of  coaotry  and  then  comparing  their 
general  chatacters.  For  this  purpose  I  traveled  some  thousand  miles  at  my  own  ex- 
]ieuHe  and  witli  the  liberal  aid  of  students  of  Williams  College,  with  Prof.  Dewey  at 
their  hea<l,  where  I  was  employed  more  than  a  score  of  years  since  by  the  authorities 
of  the  college  to  introduce  the  natural  sciences.  Afterwards  I  traveled  more  than 
17,000  miles  on  geologizing  tours  at  the  expense  of  the  Hon.  Stephen  Van  Reusslaer, 
and  I  was  always  aided  by  several  assistants  and  competent  students.  Had  the  ap- 
plication of  paleontology  boon  then  as  well  understood  as  it  now  is  I  could  have 
settled  the  characters  of  most  rocks  as  well  in  my  closet  by  the  aid  of  specimens. 
But  it  is  a  true  remark  in  your  last  jourual  that  strata  must  have  been  firat  settled 
according  to  the  method  to  which  I  was  com  pulled  by  ignorance  to  submit,  before 
the  service  of  organized  remains  could  bo  successfully  employed.  In  this  country  no 
material  progress  had  then  been  made  in  the  study  of  orgauiztd  relics,  and  even  now 
we  have  very  few  good  paleontologists.' 

IfKW  YOBK  SURVKT. 

Tbe  geologists  of  tbe  New  York  State  survey  systematized  tbe  work 
of  tbe  geologists  who  preceded  tbem  and  established  a  standard  section 
of  tbe  lower  and  middle  Paleozoic  formations  of  New  York.  On  this 
account  it  is  desirable  to  examine  tbd  principles  of  correlation  men- 
tioned by  Messrs.  Conrad,  Hall,  and  Emmons  and  to  notice  tbe  extension 
of  tbe  nomenclature  of  tbe  formations  of  tbe  New  York  section  to  vari- 
ous portions  of  tbe  continent. 

Conrad, — As  paleontologist  of  tbe  survey  Mr.  T.  A.  Conrad  made  the 
following  comments  upon  tbe  use  of  fossils  in  tbe  correlation  of  strata :' 

There  is  a  strange  misunderstanding  of  the  method  of  applying  organic  remains 
in  the  division  of  series  of  strata  into  formations  and  the  identification  of  widely 
separated  rocks  by  the  zoological  characters  of  each.  In  the  January  number  of  the 
fjew  York  Review  the  opinion  is  advanced  that  the  ''Calymene  blnmenbachii  ought 
to  be  carefully  sought  for  in  the  rocks  which  are  said  to  correspond  to  the  Dudley 
period.  Unless  it  is  found,  or  some  other  consideration  is  introduced,  can  it  be  be- 
lieved that  fossils  are  a  satisfactory  evidence  of  tlie  age  and  place  of  rocks  T^'  The 
line  of  demarcation  between  rocks  of  different  ago  has  never  yet  been  drawn  with 
any  accuracy  by  the  aid  of  paleontology,  except  by  the  consideration  of  groups  of 
species,  one  or  even  a  few  species  having  no  weight  whatever  in  the  determination. 
Thus  the  shell  termed  Tcrebratitla  Schlotheimii  dates  its  existence  with  the  Trenton 
limestone,  and  reappears  in  three  of  the  latter  formations  of  the  Silurian  system.  Or- 
this  Uttudinariai  Dalm.,  is  peculiarly  characteristic  of  the  Trenton  limestone,  by  its 
almost  invariable  presence  and  extreme  abundance,  and  yet  it  is  also  found  in  the 
limestone  of  the  llelderbcrg,  a  form:ition  of  a  far  more  recent  origin.  Dut,  although 
a  few  species  may  have  been  continued  through  a  succession  of  geological  eras,  the 

*  CItorty  liincrock  or  Corniroroun  Itmerock,  proposed  an  the  line  of  rofereiico  fur  Statu  ;;eolo;;i.st.4 
or  New  Vut  k  anil  PvuiiMy  Ivania.     A  in.  Juur.  Sci.,  vol.  36, 1839,  p.  67. 

'{>«-c«>ih1  annual  ri*|iort  of  tliu  )mlo4iutologii*al  deparliueul  of  the  survey.  TUictl  auuu«i\. \ti>vQvV  vtV  \\a 
gculot;icdi  sui  vc^  wi'  Huw  Xuik,  lbJ9,  p.  56.    AibAuy. 
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groups  nro  widoly  dmtinct,  and  thoir  value  id  detenu ining  tlie  coTiiparative  ap^  and 
identity  of  foruiaiioiit)  can  never  again  be  called  lu  question  by  a  geologist  who  do- 
flervos  the  nniiio. 

Attention -18  called  to  the  fact  that  no  observer  has^  yet  drawn  the 
line  of  distinction  between  the  Trenton  and  the  newer  limestone  Huper- 
imposed  upon  it  in  Ohio  and  Kentucky,  because  the  siiuihirity  in  min- 
eral character  and  color  is  so  perfect,  and  both  formations  thin  out  into 
mere  seams  and  layers.  It  is  also  stated  that  the  catalogues  of  organic 
remains  of  the  Silurian  system  hitherto  imblishecl  in  Europe  arc  cal- 
culated only  to  mislead  and  confound  the  geological  inquirer,  as  they 
are  far  too  vague.^ 

In  1840  Mr.  Conrad  instituted  a  series  of  comparisons  of  formations 
of  the  New  York  section  with  those  of  England,  based  \\\h)u  the  fossils 
contained  in  their  res|>ectative  formations.  He  compares  tlie  Caradoc 
sandstone  with  the  limestone  of  Trenton  TalL^,  and  the  VVculock  shale 
with  the  Rochester  shale,  and  the  VVenlock  limestone  with  a  limestone 
developed  in  the  tlelderberg  Mountains.' 

In  the  fifth  annual  report  on  the  paleontology  of  New  York  we  find 
the  following  remarks  applied  to  correlation  ot  the  rocks  of  the  8tate:^ 

The  horizontally  and  undisturbe<l  conctitiou  of  the  strata  have  enabled  us  to  traco 
their  sequcDce  or  order  of  8nperp(»8ition  with  comparative  ease  and  greater  accai*acy 
than  can  alwaj's  be  obtained  in  regions  where  the  formations  have  been  much 
inclined  or  distorted.  These  divisitMis  or  series  are  usually  composed  of  various 
layers,  as  compact  limestone  associated  withfriableshalu,  sandstone  alternating  wilU 
argillaceous  shale,  etc.,  and  these  modifications  of  their  mineral  constituents  are 
generally  accompanied  by  some  variation  of  the  organic  contents;  new  Bj>ecies  have 
been  introduced,  or  more  ancient  ones  have  disappeared.  But  it  is  only  at  the  junc- 
tion of  two  formations  that  each  group  of  organic  remains  is  not  perfectly  distinct 
and  characteristic,  a  mixture  of  species  sometimes  occurring  which  proves  a  grsMlual 
transition  from  one  era  to  another,  and  gives  rise  to  some  uncertainty  where  the 
exact  line  of  demarcation  should  be  drawn.  This  fact  opposes  the  idea  sometimes 
indulged  by  speculative  geologists,  that  sudden  convulsions  of  the  earth's  surface 
have  been  the  cause  ot  exterminating  forms  of  life,  and  the  iutroduotion  of  others  to 
8up)ily  their  place.  The  change  seems  rather  due  to  alteration  of  temperature  in  the 
water,  whatever  now  physical  conditions  of  the  earth  resulted  at  the  same  time. 
Such  phenonioup,  however,  do  not  interfere  with  the  general  distinctive  characters 
of  the  stratigraphical  divisions  adopted  in  this  work.  It  is  now,  I  believe,  an  undis- 
puted point  in  geology  that  certain  groups  of  organic  remains  belong  exclusively  to 
certain  formations,  and  that  these  strata,  in  a  general  way,  may  be  known  and  com- 
pared by  the  same  gronps  of  genera,  if  not  species,  in  every  regidii  of  the  earth.  It 
is  also  established,  that  whilst  some  genera  and  many  species  are  restricted  to  a  sin- 
gle formation,  others  have  originated  at  an  early  period  and  continued  to  exist 
throughout  a  largo  portion  of  the  tiine  occupied  in  the  deposition  of  a  system  or  series 
of  formations.    •     •     • 

The  color  and  even  mineral  character  of  a  formation  usually  varies  greatly  over  an 
extended  region,  but  it  may  be  recognized  by  its  fossil  contents;  for  example,  the 
black  slate  of  the  Mohawk,  characterized  by  a  peculiar  trilobite,  Triarthrus,  which 


» Op.  clt.,  |>.  50. 

'On  the  Silurian  Sysioin,  with  a  table  of  tho  stratA  and  chor.ictoi islic  roHnils.  Am.  Jour. Sci.,  vol. 38 
lr40pp.H7-9l. 

"  Fil'lli  anuiial  reprjrt  on  tho  p.i1oontoloffy  of  Now  York.  Fifth  Auuu>il  Ucport  of  the  Geological 
burvtfy  olj^ew  Tork,  1841,  pp.  25-27.    Albany. 
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bafi  Dcver  botiii  koowu  to  occur  in  any  other  geological  positioD,  is  represented  by  a 
drab  colored  shale  in  the  vicinity  of  Cincinnati,  Ohio.  There  also  the  equivalent  or 
contimiatiou  of  the  black  limestone  of  Trenton  Falls  is  of  a  gray  or  pale  hue,  and 
could  be  known  as  the  same  rock  only  by  its  organic  reliquite.  The  Caradoc  sand- 
stone series  of  Wales  is  represented  in  New  York  by  limestone  and  slate  in  proportion 
equal  to  the  arenaceous  strata. 

BalL-^The  desirability  of  naming  formations  from  typical  exposures 
to  serve  us  standards  of  comparison  for  the  purpose  of  correlation  was 
ciuiiiciat^d  by  Prof.  James  Hall  very  clearly  in  1839,  as  follows : 

Everyone  who  has  studied  rocks  even  partially  is  aware  of  the  Insufficiency  of 
mineral  or  lilhological  characters  for  giving  nomenclature,  and  the  many  errors  into 
which  ho  may  be  led,  whether  in  his  own  researches  or  by  the  mistakes  of  others.  So 
likewise  in  the  present  state  of  our  knowledge  we  are  unable  iu  all  cases  to  give 
ii:imes  from  fossil  characters;  for,  though  without  doubt  every  group  embraces  i(« 
]»<fculiar  fossils,  yet  in  all  localities  these  may  not  be  so  marked  as  to  excite  attention, 
and  iu  some  may  possibly  be  abseiit.  It  thus  becomes  a  desideratum  to  distinguish 
rocks  by  names  which  can  not  be  traduced,  and  which,  when  the  attendant  circum- 
Btancos  are  fully  understood,  will  never  prove  fallacious.  The  basis  of  this  nomen- 
clature is  derived  from  localities,  and  the  rock  or  group  wiU  receive  its  name  from 
the  place  where  it  is  best  developed.^ 

He  then  proceeds  to  name  the  '^Rochester  shale"  from  Rochester, 
New  York,  and  the  Lockport  limestone  from  Lockporf,  New  York. 

In  1843,  after  stating:  the  general  results  of  an  examination  of  a  sec- 
tion southwest  from  Cleveland  to  the  Mississippi  River,  he  wrote:' 

From  the  facts  here  stated  the  conclusion  seems  unavoidable,  that  the  character  of 
fossils  is,  or  may  be,  as  variable  as  litholo^ical  characters;  in  fact,  that  the  species 
depend  iu  some  degree  upon  the  nature  of  the  material  among  which  they  lived. 
Fossil  characters  therefore  become  of  parallel  importance  to  the  lithological;  and, 
in  order  to  arrive  at  just  conclusionH,  both  must  be  studied  in  connection,  and  locali- 
ties of  proximity  examined.  In  the  case  of  the  Hudson  River  group  of  shales  and 
sandstones,  in  passing  from  New  York  to  Ohio,  the  lithological  character  is  almost 
entirely  changed  ;  and  at  the  same  time  also  the  most  promiqent  and  abundant  fossils 
are  unlike  those  of  the  group  in  Now  York.  More  careful  examination,  however,  re- 
veals the  fosaiLs  which  characterize  this  group  at  the  East,  and  also  at  the  same  time 
some  obscurely  similar  lithological  characters.  Similar  lithological  changes,  accom- 
panied by  like  changes  in  fossils,  occur  in  more  limited  districts  within  the  State  of 
New  York. 

The  most  marked  and  important  changes,  however,  appear  to  be  in  the  higher  rocks 
of  the  New  York  system.  The  Hamilton  group  and  Marcellns  shale,  which  in  New 
York  have  a  thickness  of  1,000  feet,  have  diminishet)  to  100  where  last  examined;  and 
from  being  the  group  most  prolific  in  fossils,  as  it  is  in  Now  York,  it  has  become  en- 
tirely barren  of  them.  The  rocks  forming  the  Portage  and  Chemung  groups,  which 
in  their  greatest  development  iu  New  York  are  scarcely  less  than  3,000  feet  in  thick- 
ness, and  iu  Pennsylvania  much  more,  have  iu  Indiana  diminished  to  as  many  hun- 
dred. The  upper  of  these  groups,  from  being  extremely  fossil iferous,  has  become 
almost  destitute  of  these  characters,  so  that,  at  the  farthest  extreme  examined,  they 
furnish  but  an  equivocal  guide.  In  these  groups  lithological  character  in  more  pc^r- 
sistent  than  fossils,  and  it  requires  a  knowledge  of  the  superposition  to  identrfy  them 
satisfactorily.    The  greater  thickness  of  these  sedimentary  dei)osits,  and  the  greater 


>  Third  Annaal  Roport  of  the  4th  Geolopoal  district  of  New  York.    Tbinl  Annual  Uoport  of  thtt 
Geological  Sarvej  of  New  York.    Albany,  1639.  pp.  28S.2ft9. 

*Kote8  explnnntory  ot  a  section  troin  Clevt-lftud,  Ohio,  to  the  MisBiHAippi  River,  in  a  soiiiliwost  #li- 
Tvction ;  with  remarks  upon  the  identity  of  the  western  formatiooa  with  Uvqm  ol  "^^^^  IL^tV.    K^jam^. 
Am.  Gcol.  Trans.,  1843,  pp.  28&-291. 
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dcvclopinont  of  fossils  occiiri  iug  at  the  snniu  point,  proves  the  organic  forms  to  have 
i1f>iu'i8bc(l  in  a  littonil  position;  and  beyond  these  points,  where  the  thinoing  of  the 
strata  indicates  a  greater  distance  from  t\u^  shore  the  fossils  diminish,  and  at  the  more 
distant  and  deeper  points  are  not  found  at  all.  There  is  no  evidence  of  denndation 
in  these  instances,  and  if  there  had  been  the  parts  left  wonld  have  retained  the  same 
fossils,  had  it  ever  contained  them,  as  they  do  farther  oast. 

Thronghout  that  part  of  the  ancient  ocean  now  occapied  by  Ohio,  Indiana,  Mich- 
igan, Illinois,  and  even  to  the  west  of  the  Mississippi,  there  appears  to  have  been 
comparatively  a  small  number  of  living  forms  existing  from  the  period  of  the  final 
deposition  of  the  Helderberg  limestones  to  the  commencement  of  the  Carbouiferoas 
period ;  while  in  New  York,  during  the  same  period,  there  were  a  greater  number  of 
forms  and  individuals  than  in  all  the  preceding  periods.  Without  desiring  to  dimin- 
ish the  value  of  fossil  characters  as  means  of  identifying  strata,  it  must  still  be 
acknowledged  that  similar  conditions  in  the  bed  of  the  ocean,  and  apparently  similar 
depth  of  water,  are  required  to  give  existence  or  continuation  to  a  uijform  fauna; 
and  when  we  pass  beyond  the  points  where  these  conditions  existed  iu  the  ancient 
ocean,  we  lose  in  the  same  degree  the  evidences  of  identity  founded  upon  fossils. 
Some  species,  it  is  true,  have  lived  onward  through  successive  depositions,  often  of 
very  different  nature;  yet,  at  the  same  time,  these  may  not  have  had  a  very  wide 
geographical  range.  In  the  case  before  us,  some  species  have  lived  during  the  deposi- 
tion of  all  the  rocks  from  the  Hamilt-on  through  the  Chemung  groups,  and  yet  they 
have  never  extended  themselves  as  far  westward  as  Ohio  and  Indiana,  although  the 
nature  of  the  deposits  there  was  as  favorable  to  their  existence  as  in  New  York. 

For  the  distance  of  100  or  200  miles  from  the  shores  of  the  present  continents  the 
forms  may  be  similar — we  know  not  but  they  are — still  who  can  say  what  changes  may 
occur,  or  whether  any  exist  in  the  depths  1,000  miles  from  land  f  From  the  nature  of 
sedimentary  deposits  it  can  be  only  the  finor  parts  that  ever  reach  to  great  distances 
from  their  origin;  and,  reasoning  thus,  the  fanna  of  the  deep  and  distant  parts  of 
the  ocean,  if  any  exist,  would  be  uniform,  not  being  liable  to  destruction  or  change 
of  condition  from  the  rapid  invasion  of  variable  deposits  like  those  near  the  shore. 
The  doposition  of  a  coarse  sandstone  or  conglomerate  succeeding  to  a  shaly  mass  would 
in  all  probability  destroy  the  greater  number  of  living  forms  as  far  as  it  extended. 
But  at  the  same  time,  the  iiner  materiaU produced  by  the  same  cause  would  extend 
far  b«yond  the  limits  of  the  coarser,  and  thus  approximating  m  some  degree  to  the 
lower  mass,  the  fossils  might  be  continued  long  after  they  were  destroyed  at  another 
point. 

One  of  the  most  iutoresting  changes  in  the  products  on  going  westward  is  the 
great  increase  ot  carbonate  of  lime  and  the  diminution  of  shaly  and  sandy  matter, 
indicating  a  deeper  ocean  or  greater  distance  from  land.  The  source  of  the  calcareous 
deposits  is  thuH  shown  to  have  been  in  that  direction,  or  in  the  southwest,  while  the 
saudH  and  clays  had  their  origin  in  the  esist,  southeast,  and  northeast,  producing  a 
turbid  condition  in  the  waters  of  these  parts  during  long  intervals),  which  was  un- 
favorable to  the  production  of  calcareous  matter  and  the  formation  of  chemical 
deposits.  In  New  York  wo  are  evidently  upon  the  margin  of  this  primeval  ocean,  as 
indicated  in  the  character  of  the  deposits  as  well  as  organic  remains;  the  southwest 
unfolds  to  us  that  portion  where  greater  depth  and  more  quiet  condition  prevailed. 

At  a  later  date  lie  said  : 

I  have  met  with  no  essay  upon  the  geographical  distribution  of  fossils  in  the  older 
rocks ;  and  the*  few  facts  here  and  there  gleaned  serve  rather  to  stimulate  than  to  sat- 
isfy curiosity.  It  has  been  a  favorite  opinion  of  many,  and  frequently  advanced,  that 
the  condition  of  this  ancient  ocean  was  uniform  and  its  depth  moderate,  and  that 
the  nniforniity  of  organic  prodncts  affords  proof  of  the  same.  Without  pretending 
to  refute  any  theories  or  to'establish  general  conclusions  for  the  whole  continent  or 
for  the  whole  globo,  I  shall  merely  offer  a  few  facts  which  have  fallen  under  my  own 
ubaervatloUf  aud  (his  with  the  hope  of  calling  the  attention  of  other  observers  to  the 
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anbject  and  aid  Id  decidiiipc  the  true  caase  and  amonnt  of  variation  in  paleozoic  char- 
acters when  examined  over  wide  districts.  We  shall  doubtless  be  led  eventually  to 
see  in  all  these  changes  the  influences  of  depths  of  water f  distance  fi'om  or  proximity  to 
landj  and  the  inftuenoe  of  the  nature  of  that  deposit  which  formed  the  bed  of  the  ocean, 
on  which  the  animals  lived.  Every  one  of  these  causes,  and  perhaps  other  minor  ones, 
have  iutlnenced  the  present  character  and  condition  of  our  older  fossil iferons  deposits. 
All  these  circomstances  influence  the  organic  productions  of  our  present  ocean,  what- 
ever may  be  the  climate  ;  and  we  have  every  proof  that  the  same  causes  operated  in 
this  ancient  sea,  where,  although  depth  and  temperature  may  have  been  more  uniform, 
yet  these  could  not  have  been  paramount  to  all  other  influences.' 

He  then  proceeds  to  correlate  the  strata  of  t^e  Mississippi  Basin  with 
those  of  the  New  York  section  by  means  of  the  contained  fossils,  and 
where  possible  the  order  of  stratigraphic  succession. 

Emmons. — In  a  geological  report  of  the  midland  counties  of  North 
Carolina,  Dr.  E.  Emmons,  in  1856,  speaks  of  the  classification  of  the 
sedimeuts  and  says  in  this  connection : 

Sux>erpositioQ  is,  however,  the  highest  proof  of  age,  the  oldest  occupying  the  in- 
ferior position. 

The.  bearing  which  fossils  have  to  any  scheme  of  classification  which  has  been 
proposed  can  be  understood  only  by  a  knowledge  of  the  following  laws:  (1)  That 
species  or  kinds  have  had  a  limited  duration  ;  (2)  that  there  has  been  a  suoceesion  of  species; 
and  (3)  that  the  species  of  one  periody  and  which  have  become  extinoif  have  never  lived  in 
any  future  period.  The  utility  of  the  knowledge  of  fossils  is  based  on  these  three  laws. 
This  knowledge  is  particularly  useful  in  comparing  rocks  which  are  widely  separated 
from  each  other,  or  in  those  cases  where  direct  superposition  can  not  be  observed.  If, 
fgr  example,  certain  rocks  in  Canada  furnish  a  group  of  fossils  similar  to  those  of  a 
given  series  in  Tennessee,  the  inference  would  be  that  they  belonged  to  the  same 
period  and  hence  occupy  the  same  geological  position;  or,  if^we  compare  the  fos- 
sUsof  the  coal  formation  of  England  and  Aincrica  it  will  be  found  that  they  are 
almost  identical ;  and  it  is  proved  also  that  the  position  relatively  is  the  same  in 
both  countries,  though  separated  from  each  olhor  3,000  miles.' 

The  extension  of  the  New  York  section  to  the  south  along  the  line  of 
the  Appalachian  Mountains  was  principallv  the  work  of  the  Xiogers 
Brothers  and  Prof.  Saftbrd. 

Rogers. — As  geologists  Messrs.  H.  D.  and  W.  B.  Rogers  traced  the 
the  formations  by  stratigraphic  continuity,  lithologic  characters,  serial 
relation,  and  the  presence  of  similar  fossils  as  in  the  Trenton  limestone, 
etc.  I  have  not  met  with  a  statement  of  their  views  of  geologic  correlation 
except  in  incidental  remarks.  In  a  reply  made  to  Prof.  James  Hall, 
who  had  congratulated  the  Profs.  Rogers  that  they  had  borne  such  able 
evidence  to  the  value  of  organic  remains  in  determining  the  age  of 
rock,  Prof.  W.  B.  Rogers  said  :^ 

That  they  had  not  been  understood  on  this  point;  they  had  followed  out  the  in- 
tricate structural  geology  of  Pennsylvania  and  Virginia,  relying  chiefly  on  litholog- 
leal  characters,  and  hadfouud  to  their  great  gratification  that  they  had  been  working 
in  parallel  planes  to  the  New  York  geologists,  whose  labors  among  the  regular  and 

I  Nature  of  the  strata  and  geojcraphical  dtstribution  of  the  organic  romaina  io  the  older  formations  of 
the  United  States.    Boston  Joar.  Nat.  Hiat.,  vol.  5.  1845,  pp.  2, 3. 

'Geological  report  of  the  midland  counties  of  North  Carolina.    New  York  and  Baleigh,  1856,  p.  24. 

*  A  systf^m  of  claasiflcation  and  nomenclatnre  of  the  paloosoio  rocks  of  the  United  States  with  an 
account  of  their  distribution,  more  particularly  ia  the  Appalachian  Mooalaixi  C\iA!ai.    K3&«^«qx.>Ba\.^ 
VOL  47p  1844,  p.  112. 
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liurizontnl  strata  of  that  State,  relying  on  tlie  evidence  of  fo<tsi I  rcmaiLs,  hadbroiigbt 
mil  H'snltH  iu  the  Diaiu  quite  coosihteiit  witb  the  cleteriiiiuaiiouB  of  the  Virgiuia  au«l 
riMiiisylvaiiia  strata. 

Ill  an  address  before  tlie  Association  of  American  Geolo^iste  and  Nat- 
nraliHts.  Prof.  Henry  D.  Kojrers,  in  speaking  of  the  tracks  iu  the  santl- 
8tone  of  the  Connecticut  Valle^',  says: 

Of  the  orgaulc  remains,  tbrougli  an  iiivescigation  of  which  alone  we  can  hope  to 
establish  tho  position  of  thesestiu  :i  in  the  scale  of  time,  or  reach  definite  couclnHions 
respecting  the  physical  conditions  under  which  they  were  protlnced,  the  most  instruc- 
tive are  tbe  remarkable  biMt-tracks,  brought  to  light  by  Prof.  Hitchcock,  in  Con- 
necticut and  Massachusetts. 

Guided  by  mere  lithologioal  resemblance,  Macluro  imagined  this  stratum  to  be  the 
equivalent  of  the  Old  Red  Sandstone  of  England.' 

These  passages  imply  that  Prof.  Henry  D.  Rogers  considered  pale- 
ontological  evidence  of  the  highest  value  in  correlation,  s^though  in  his 
work  in  Virginia  he  relied  largely  upon  stratigraphic  relations  and  lithol- 
ogy  for  the  correlation  of  the  Virginia  with  the  Pennsylvania  formations. 

The  correlation  of  the  sandstone  beneath  the  Treutou  and  Maguesian 
limestones  of  Pennsylvania,  by  Prof.  H.  D.  Rogers  and  those  thftt  suc- 
ceeded him,  was  based  upon  the  stratigraphic  [losition  of  the  sandstone 
and  the  presence  of  Scolithus  lincarisy  a  fossil  believed  to  be  common  to 
the  Potsdam  sandstone  of  New  York  and  the  lower  sandstone  of  Penn- 
sylvania. 

The  evidence  of  the  identity  of  the  sandstone  with  that  of  the  Pots- 
dam sandstone  of  New  York,  on  the  stratigraphic  succession  and  posi- 
tion, is  as  follows : 

(1)  The  f(»rmation  is  beneath  a  series  of  limestones,  a  portion  of  which 
is  identified  with  the  Trenton  limestone  by  the  contained  fossils. 

(2)  The  sandstone  rests  unconformably  upon  the  crystalline  gneisses 
forming  the  basal  rocks  of  the  Paleozoic  period  of  Pennsylvania. 

(3)  The  lithologic  charaAers  of  the  sandstone  formation  corresponded 
to  that  of  the  Potsdam  sandstone  of  New  York. 

The  paleontologic  evidence  is  the  presence  of  the  annelid  borings 
called  Scolithus  linearis  iu  the  sandstone  of  New  York  and  Pennsyl- 
vania. 

When  once  established  this  correlation  was  adopted  and  used  by  the 
first  survey  of  Peuusylvania  and  svlso  the  second,  but  not  altogether 
without  protest  by  some  of  the  workers  in  tho  latter.  Mr.  d'lnvilliers* 
calls  attention  to  this  correlation  of  the  Potsdam  in  the  following  words: 

It  would  be  safer  to  name  this  fonnation  the  Reading  8and»'ione,  but  in  the  descrix)- 
tionsof  its  outcrops  along  the  Little  Lehigh,  tbe  Lehigh,  and  the  Delaware  Rivers, 
in  Vol.  I  of  this  report,  it  has  beeu  called  Poisdam  saiid^ione,  taking  for  granted  that 
any  sand  formation  underneath  the  Maguesian  limestones  of  the  Great  Valley  must 
be  the  same  sand  formation  which  iu  northern  New  York  underlies  the  Corniferons 
[Calciferoust],  Chazy,  and  other  limestones  of  the  Mohawk  Valley. 

I  On  American  Rcology  sod  present  condition  of  K«oi«j;io«l  resenrch  in  the  United  States.    Aid. 
Jour.  Sci.,  vol.  47,  1844.  p.  248, 
"Tlie geology  of  th«  South  Alountain  Belt  of  Borks  County.    Socond  QooL  Sott.  of  Pmul,  D|^  toL 
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On  tbe  map  of  Adams  County,  based  upon  the  rosnlts  of  geological 
work  of  Dr.  Persifor  Frazer,  the  quartzite  resting  npon  Azoic  is  iden- 
tified as  Potsdam,  with  a  question  mark. 

Safford. — In  bis  first  rei>ort  upon  the  geology  of  Tennessee,  Prof.  J. 

M.  Safford  desoiibes  the  method  of  the  grouping  of  the  strata  into  for- 
ntatioDS.    He  says:* 

Wo  often  meet  with  a  series  of  adjacent  strata  similar  in  many  respects,  so  mnob 
80  that  tliny  can  conveniently  be  thrown  together  in  a  single  group  or  formalionf  as 
such  a  series  is  often  termed. 

He  says  further : 

For  example,  the  sandstonef  aJateSf  and  coal  which  form  the  upper  part  of  the  Cum- 
berland Table-land,  are  grouped  in  tkformatioH,  called  the  Coal  Measures,  with  the  fol- 
lowing among  other  common  characters :  Firatf  coal  is  found  at  intervals  throughout 
the  stTJes;  secondly,  there  is  very  little  limestone  or  calcareous  matter  in  the  series  ; 
thirfHy^  the  strata  are  parallel,  and  appear  to  have  been  formed  in  snccessiou,  under 
similar  circumstances;  fourthly,  the  same  fossils,  such  as  different  species  of  petri- 
fied shells,  leaves,  branches,  and  trunks  of  trees,  etc.,  occnr  imbedded  in  the  rocks 
throughout  the  length  and  breadth  of  the  series.  Characters  similar  to  these  unite 
the  strata  of  all  the  formations. 

The  chanicter  last  mentioned  we  must  refer  to  more  particularly,  on  account  of  its 
great  importance  in  designating  with  precision  the  group  to  which  local  and  Isolated 
beds  of  rock  belong. 

In  defining  the  use  of  fossils  it  is  stated  that  each  formation  has,  in 
great  part,  its  own  fossils. 

Most  of  those  found  in  one  do  not  occur  in  any  other.  Upon  this  fact  depends  their 
great  utility.  They  furnish,  when  known  well  enough  to  be  recognized,  nnmistak- 
able  evidence  of  the  geological  position,  and  hence  the  general  character  of  the  for- 
mation iu  which  they  are  found. 

From  these  observations  of  Prof.  Safford  we  poatalate  the  prineiplos 
of  correlation  which  he  used,  as  follows: 

I.  Stratigraphic  position. 
II.  The  occurrence  of  similar  fossils. 
III.  Lithologic  characters. 

CANADA. 

The  New  York  series  was  traced  into  Canada  by  Sir  Wm.  E.  Logan 
and  his  associates  and  correlations  made  by  direct  stratigraphic  connec- 
tion, and  in  the  absence  of  that,  paleontologic  data,  stratigraphic  rela- 
tions, and  lithologic  characters. 

Logan. — In  speaking  of  the  stratigraphic  succession  of  the  New  York 
and  Canadian  sections  Sir  W.  E.  Logan  makes  the  following  reference 
to  the  fossiliferous  limestone  above  the  Calciferous  sandrock,  or  the 
TrcMiton  limestone : 

The  lowest  of  the  fossiliferous  strata  is  a  sandstone  of  variable  quality,  more  purely 
siliceous  towards  the  bottom,  and  calciferous  towards  tho  top,  which  gives  support 
to  a  thick  and  remarkably  persistent  deposit  of  limestone,  strongly  distinguished  by 
its  organic  remains.     This  limestone  thus  becomes  an  admirable  means  of  tracing 

*  A  geoloKicAl  rot'onnaissauce  of  Teouessoe ;  Hr&t  bleanlal  report,  K«ft\x'fV\\«,\^^^i^^Y^<^A'^V. 
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out  tbe  pori meter  of  the  great  weBtern  area  nnder  consideration.  From  the  north- 
west border  of  North  Carolina  it  sweeps  in  a  broad  belt  across  Virginia  to  the  junc- 
tion of  the  Shenandoah  and  Potomac.  Thence  traversing  Maryland,  it  passes 
through  Pennsylvania  by  Harrisburg,  on  the  Susquehanna,  and  Belvidere,  on  the 
Delaware,accouipauied  ap  to  this  point  by  the  underlying  sandstone.  DiniiniHhed  in 
its  thickness,  it  thence  crosses  New  Jersey,  and  reaching  Poughkeepsie  it  passes  ap 
tbe  valley  of  the  Hudson  and  Champlain,  keeping  to  the  east  of  the  river  and  the 
lake,  and  attains  the  neighborhood  of  Minsisqnoi  Bay.  Entering  Canada,  it  pro- 
ceeds towards  Quebec,  and  it  reaches  the  vioiuity  of  that  fortress;  but  I  am  not  yet 
aware  of  the  precise  spots  at  which  it  is  visible  in  its  course  thither,  farther  than 
that  I  have  been  informed  a  stratified  limestone  answering  its  condition  is  quarried 
and  burned  in  the  Seignory  of  St.  Hyaciulho,  east  of  the  Yamaska  River.' 

He  states  that  tbe  city  of  Quebec  does  not  stand  on  this  limestone, 
but  it  is  found  below  the  city  on  tbe  north  shore  of  Beauport  and 
fjirther  down  the  river  to  Cape  Tourinent,  Following  up  the  valley  of 
the  St.  Lawrence,  it  is  found  to  run  along  the  foot  of  a  range  of  syen- 
itic  hills,  and  it  leaves  the  river  in  the  vicinity  of  Montreal  and  agaiu 
appears  in  the  Ottawa  Basin.  He  then  describes  its  extension  south 
.along  the  valley  of  Lake  Chain  plain,  and  west  through  the  valley  of 
the  Mohawk  and  Black  Biver  and  north  of  Lakes  Ontario,  Huron,  and 
Michigan,  to  Wisconsin,  following  thus  the  correlation  made  by  Hall. 

MBWrOUKDLAIfD. 

The  extension  of  the  Canadian  nomenclature  to  Newfoundland  was 
the  work  of  Messrs.  Logan  and  Billings.  In  tracing  the  Paleozoic  for-' 
mations  down  the  Sr.  Lawrence  River  fi)om  Montreal,  Logan  found  that 
a  series  of  sandstones  occurs  beneath  the  Calciferous  sandrock,  which 
wns  well  recognized  beneath  the  Trenton  limestone.  The  sandstones 
rested  unconformably  upon  the  subjacent  Archean.  A  long  interval 
exists  between  these  exposures  and  those  on  the  north  side  of  the 
Straits  of  Belle  Isle,  where  sandstones  and  limestones  are  superjacent 
to  the  Archean.  In  his  first  exjiression  of  opinion  he  calls  the  sand- 
stones the  Potsdam,  from  their  stratigrai)hic  position  and  lithologic 
character.  When  the  fossils  which  were  obtained  from  the  associated 
limestones  were  examined  by  Mr.  Billings  and  found  to  be  identical 
with  those  that  he  had  referred  to  the  Lower  Potsdam  in  Vermont,  the 
strata  on  the  north  side  of  the  Straits  of  Belle  Isle  were  referred  with- 
out reserve  to  the  Potsdam  horizon,  and  those  occupying  a  siniiliar 
position  on  the  west  of  Newfoundland  were  also  similarly  referred.* 

When  correlating  the  Lower  Cambrian  sandstones  and  slates  of 
northern  Vermont  with  the  limestones  and  sandstones  of  the  north 
shore  of  the  Straits  of  Belle  Isle,  upon  the  lithologic  and  paleontologic 
similarities  between  the  twodeposits,  Mr.  E.Billings  states  that  although 
860  miles  distant  from  each  other  there  can  be  little  doubt  that  they 
are  of  the  same  age. 


'  f Account  of  (general  structure  of  an  extended  are* in  North  America.]  Geol.  Survey  Canada,  B» 
port  of  Pr«>f;re.%s  for  1843,  1845,  p.  8. 

*(ioo1o^i(nl Survey  of  Canada;  Report  of  Progress  firom  its  commencement  to  18G3,  pp.97, i88, 
2S9,  864,  803.  Montreal  1803. 
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The  oooarrenoe  of  Scolithua  linearis  and  the  general  aspect  of  the  foa&ils  also  show 
that  these  rocks  inast  be  very  nearly,  if  uot  exactly,  iu  tlie  same  geological  horizon 
with  the  Upper  Primal  sandstones  and  slates  of  Pennsylvania.^ 

The  Lower  Paleozoic  rocks  of  Newfoiiiidlaud  were  correlated  with 
those  of  Canada  by  Sir  W.  E.  Logan  upon  the  evidence  of  the  fossils 
and  their  stratigraphic  position.  The  fossils  were  identified  by  Mr. 
Billings,  and  the  stratigraphic  geology  was  studied  by  Messrs.  Eichard- 
son,  Murray,  and  Howley. 

Dana, — Prof.  J.  D.  Dana  availed  himself  of  the  correlations  made  by 
the  New  York,  Canadian,  and  other  suiveys  in  the  preparation  of  the 
earlier  editions  of  his  Manual  of  Geology.  The  Manual  is  a  masterly 
compilation  of  the  available  data  upon  broad  principles  of  correlation, 
and  as  it  went  at  once  into  the  hands  of  all  American  geologists  and 
students  its  influence  has  been  widespread.  The  principles  of  correla- 
tion mentioned  are  outlined  in  the  following  paragraphs: 

But  the  qnesttou  may  arise  wlictlior  a  geological  age  is  not,  after  all,  strongly 
marked  olf  in  the  rocks.  Rocks  are.  but  the  moving  sands  or  the  accumalations  of 
dead  relics  of  the  age  tliey  represent,  and  are  local  phenomena,  as  already  explained. 
Kach  continent  has  its  special  history  as  regards  rock-making,  and  it  is  only  tlirougfa 
the  fossils  in  the  rocks  that  the  special  histories  are  combined  into  a  general  system. 
Movements  have  in  all  ages  disturbed  one  hemisphere  without  atfecting  the  other, 
causing  breaks  iu  the  succession  of  rocks  in  one  continent  or  part  of  a  oontiueut  that 
have  no  representatives  in  another. 

When  an  age  can  be  proved,  through  careful  study,  to  have  been  closed  by  a  catas- 
trophe or  a  transition  which  was  universal  in  its  effects,  the  event  is  accepted  as  a 
grand  and  striking  one  iu  geological  history.  But  the  proof  should  be  obtained 
before  the  universality  is  assumed.     Hence  the  conclusion : 

Fourthly .  The  grander  subdivisions  or  ages  iu  geological  history  based  on  organic 
progress  should  be  laid  down  independently  of  the  rocks.  They  are  universal  ideas 
for  the  globe.  The  rocks  are  to  be  divided  off  as  nearly  as  practicable  in  accordance 
with  them. 

Each  continent,  under  these  ages,  then  becomes  a  special  study,  and  its  history  has 
its  periods  and  epochs  which  may  or  may  uot  correspond  in  their  limits  with  those  of 
the  other  continents.  Every  transition  in  the  strata,  as  from  limestone  to  sandstone, 
clay  beds  or  conglomerate,  or  from  either  one  to  the  other,  and  especially  where  there 
is  also  a  striking  change  in  the  organic  remains,  indicates  a  transition  in  the  era  from 
one  set  of  circumstances  to  another;  it  may  be  a  change  from  one  level  to  another  in 
the  continents,  a  submergence  or  emergence  or  some  other  kind  of  catastrophe.  All 
such  transitions  mark  great  events  in  the  history  of  the  continent,  and  thus  divide 
the  era  into  periods,  and  periods  into  epochs,  and  epochs,  it  may  be,  into  subepochs. 
Hence — 

Fifthly.  Through  the  ages  each  continent  had  its  special  history  ;  and  the  periods 
and  c]>ochs  in  that  history  are  indicated  by  changes  or  transitions  in  the  rook  forma- 
tions and  their  fossils. 

It  is  greatly  to  the  assistance  of  research  that  some  of  the  revolutions  of  the  globe 
have  probably  been  nearly  or  quite  universal.  The  one  precediug  the  Manmuilian 
age  appears  to  be  an  example ;  although,  even  with  regard  to  this,  further  investiga- 
tion is  required  before  its  actual  universality  can  be  regarded  as  estalilisliod.  Bat 
the  periods  and  epochs  of  America  and  Europe  are  not  in  general  the  same  in  their 

'Pnlcozoio  fOMils.  GontalniDK  descriptions  and  flgurea  of  new  or  liitle  known  Hpocicn  of  or;;iuiic 
rrmains  frotii  the  Siliirinn  ro^kN.  Vol  1, 1860-1865,  p.  2.  Montreal.  1865.  First  printed  iu  1861  in  a 
hnllotia  Usued  by  the  Geological  Survey  of  Caaadab 
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limits.  A  near  coutemporaneity  In  rocks  may  bo  proved,  but  not  in  tlio  transitions 
from  one  rock  to  nnotlier.  For  example,  tlio  Devonian  ajje  has  a  vory  (lifffrent  scries 
of  periods  and  epochs  in  North  America  from  what  it  has  in  Kiirope,  nnd  there  is 
even  considenible  diversity  between  the  epochs  of  New  York  and  the  Atlantic  slope 
and  those  of  the  Mississippi  Valley.  The  Carbon ifcrons,  Kcptilian,  and  Mammalian 
u^cK  :iIho  have  their  American  epochs  and  their  European,  differing  from  one  another ; 
and  the  diffHreuces  between  the  continents  increase  as  we  comedown  to  more  modem 
times.  There  are  Tertiary  and  Cretaceons  rocks  in  America  as  well  as  Enropc.bnt 
there  is  little  reason  for  the  assumption  that  the  transitions  from  one  set  of  Tertiary 
or  Cretaceons  strata  to  another  were,  in  the  two,  contemporaneous.  The  point  should 
bo  proved,  not  assumed.     We  add,  therefore, 

Sixthlif.  It  is  an  important  object  in  geology  to  ascertain  as  nearly  as  po&si hie  the 
parallelism  between  the  pcrio<ls  and  epochs  marked  off  on  each  continent,  and 
study  out  the  precise  eqmralenta  of  the  rocks,  each  for  each,  that  all  the  special 
histories  may  rend  as  parts  of  one  general  history,  and  thus  contribute  to  the  per- 
fection of  one  geological  system.  > 

MISSISSIPPI  VALLBT. 

The  Lower  Paleozoic  rocks  of  this  region  were  correlated  witb  those 
of  New  York  by  Messrs.  Owen,  Locke,  Hall,  and  others,  usnally  with- 
out stating  the  dnta  except  by  implication  (e.  g.,  speaking  of  the  Tren- 
ton limestone  of  New  York  as  a  limestone  carrying  certain  fossils  and 
superjacent  to  a  marked  formation,  the  Calciferous  sand  rock  of  New 
York  or  the  Lower  Magnesian  limestone  of  Wisconsin,  etc.).  Thus  the 
correlation  is  based  upon  stratigrapbic  position,  presence  of  similar 
fossils,  and  lithologic  characters. 

Hall, — The  following  observations  by  Prof.  Hall  are  a  good  illustra- 
tion of  the  method  by  which  the  Potsdam  sandstone  of  New  York  wsis 
correlated  with  the  lower  sandstone  of  the  Mississippi  Valley  section  :' 

In  comparing  the  older  rocks  of  New  York  and  of  the  East  generally  with  those  of 
the  West  it  should  not  bo  forgotten  that  there  is  a  long  interval  on  the  line  of  the 
northern  outcrop  of  these  ancient  strata  between  the  St.  Lawrence  and  the  western 
limit  of  Michigan  on  the  Men omoneo  River,  where  we  can  expect  little  aid  from  pale- 
onicdogy.  The  fossiliferons  beds  of  these  ancient  formations  in  Wisconsin  lie  to  the 
wesl  of  what  appears  to  have  been  a  great  promontory  at  the  time  of  their  depobi- 
tion,  stretching  southward  from  the  region  of' Lake  Superior  far  into  the  ancient  sea. 
The  disconnection  caused  by  this  promontory  between  the  East  and  the  West  would 
of  itself  prepare  ns  to  expect  a  fanna  differing  in  a  great  degree  from  beds  of  corre- 
sponding age  on  the  opposite  sides. 

It  has  been  shown  by  the  investigations  of  the  Canadian  Survey  that  not  only  the 
Potsdam  sandstone  but  »11  the  fossiliferons  beds  below  the  Birdseye  and  Black  River 
limestones  are  absent  from  Kingston,  on  Lake  Ontario,  to  Lacloche,  on  lake  Hunm. 
From  Lacloche  to  Lake  Superior  there  is  a  sandstone  coming  in  below  the  Birdseye 
limestone,  which,  from  its  position,  may  be  considered  as  of  the  age  of  the  Chazy^  for- 

>  Manual  of  Ocolofry,  liit  od..  New  Haven,  1863,  pp.  12e-128. 

'Prt'liiniuary  notice  of  the  fauna  of  the  Pot-stUiu  sandstone,  with  remarks  on  the  previously  known 
■pocies  of  fossils  and  description!)  of  some  now  ones  from  the  sandst-one  of  the  Upper  Mississippi  Val< 
ley.    16th  Ann.  Rep.  Re^;.  State  Cab.,  Nnt.  Hist.  N.  Y.,  18C3,  pp.  211-213. 

*  The  *  Chazy  formation '  of  the  Canadian  Geological  Survey,  in  its  eastern  locslitics  includes  a  sand- 
stone which  comes  in  below  the  greater  part  of  the  linieittone,  leavio<;  from  10  to  20  feet  of  shale  and  lime- 
stone beneath  (Qoolngy  of  Canada,  18C3,  p.  123).  It  is  apparently  this  sandstone  of  the  Cbasy  forma- 
tion, having  in  Canada  a  thiokne.ss  of  50  feot^  which  has  hocoroe  augmented  in  its  weatora  extension 
wbi}»  the  oaloareooa  part  of  the  formation  haa  partially  or  entirely  disappeared. 
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nintiou  and  equivalent  to  the  St.  Peters  sandstone  of  WiHc-onain  nnci  Minnesota,  and 
it  is  ibis  sandHtone,  ilonbtless,  which  has  been  takeii  for  the  Polsdaiu  suudntoue  in 
some  localities  alonfi;  that  line. 

The  succeoding  Birdseye  and  Black  River  formation  from  Lacloche  to  Lake  Snpe- 
rior  has  become  a  bufi-colored  magnesian  limedtoue,  or  weathering  externally  to  this 
color,  but  still  holding  the  characteristic  fossils. 

In  New  York  a  sandstone  (the  Potsdam)  lies  immediately  beneath  a  magnesiau 
limestone  (the  *' Calciferous  sandrock'');  this  deposit  is  succeeded  by  a  calcareous 
formation  (the  Chazy),  including  a  sandstone  and  surmounted  by  the  Birdseye,  Black 
Kiver,  and  Trenton  limestones. 

In  Wisconsin,  Iowa,  and  Minnesota  we  have  nndonbted  Trenton  limestone,  and 
below  it  a  bufif-colored  maguesian  limestone  containing  so  many  of  the  characteris- 
tic fossils  of  the  Birdseye  and  Black  River  limestones  as  to  leave  no  donbt  of  the 
parnllolisni  of  these  beds  with  those  of  New  York.  Below  this  magnesiau  limestone 
we  have  the  St.  Peters  sandstone,  corresponding,  as  already  shown,  with  tbe  Chazy 
formation,  and  beneath  this  a  maguesian  limestone,  which,  in  its  position  and  lith- 
ological  character,  corresponds  in  all  respects  with  the  *'  Calciferoua  Mndroek"  of  New 
York. 

It  is  from  all  these  facts  that  the  lower  sandstone  of  the  Upper  Mississippi  Valley 
has  been  placed  in  parallelism  with  the  sandstone  of  New  York  known  as  the  "Pots- 
dam." 

Notwithstanding,  however,  that  this  sequence  is  precisely  like  that  observed  in 
New  York  it  may- not  yet  be  regarded  as  proved  that  the  sandstone  from  which  I 
have  described  these  fossils  is  in  all  respects  the  equivalent  of  the  Potsdam  sand- 
stone of  Now  York,  Vermont,  and  Qanada.  It  may  represent  more  or  it  may  repre- 
sent less  than  that  formation.  The  loirer  accessible  beds  of  the  Mississippi  Valley 
may  represent  the  Pot'Sdani  of  150  or  200  feet  in  thickness  in  the  typical  localities  in 
New  York,  while  the  middle  and  upper  beds  of  the  West  may  be  of  epochs  not  repre- 
M'ntctl  in  that  part  of  the  series  studied  in  New  York  ;  and  in  some  other  places,  as 
ill  the  regions  jnst  mentioned,  the  same  ei>ochs  may  be  representc«l  by  a  shaly  or 
scniiculcareons  deposition,  or  may  be  inclntled  in  the  commencement  of  the  Calcifer- 
ons  epoch.  It  should  not  therefore  be  regarded  as  decided  that  the  Potsdam  sand- 
stone, as  developed  in  New  York,  occupies  the  entire  interval  from  the  base  of  the 
oldcist  sedimentary  formation  of  the  Paleozoic  era  to  the  Calciferous  sandstone.  From 
what  we  know  of  the  Primordial  fanna  in  other  localities  we  are  prepareil  to  find 
beds  above  or  below,  or  both  above  and  below,  the  epoch  represented  (so  far  as  now 
known)  by  the  Potsdam  sandstone  of  New  York,  and  which  may  still  be  of  the  same 
period. 

WincML-^It  is  stated  by  Prof.  N.  H.  Winchell  that— 

It  has  been  abundantly  proved  that  the  rod  sandstones  of  Lake  Superior,  however 
disturbed  and  changed  locally,  or  however  much  increased  in  thickness  by  the  agency 
of  volcanic  untbursts,  are  the  exact  equivalents  of  the  New  York  Folsdam.  They 
occn]>y  the  first  position  over  this  metamorphio  slates  of  the  Huronian  rocks  on  which 
thtiy  lie  nnconforniably,  and  from  which  they  differ  in  being  but  slightly  and  ouly 
locally  metamorphosed.  They  retain  usually  their  evidently  sedimentary*  characters, 
and  have  not  well  prcscrve<I  fossil  remains.' 

He  also  publishes  a  table  showiu^  tbe  number  of  species  common  to 
various  Silurian  formations  of  the  Lake  Superior  district  and  New  York 
State,  and  calls  attention  to  tbe  fact  that  three  species  only  are  found 
in  tbe  Lake  Superior  sandstone  and  the  typical  Potsdam  sandstone  of 
New  York. 

'Gf'iKTal  i«Votch  of  Uie  geology  of  Miunosota.  Geol.and  Nat  llist.  Sarvey,  liiunesota^  lat  Ajiu» 
Itop.  for  187*i,  1873,  p.  C8. 
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The  correlation  by  Prof.  N.  H.  Wincliell  of  the  "  Granular  Quartz" 
and  the  "  lied  sandrock  ^'  of  Vermont  with  the  "  Potsdam  ^  sandstoue 
of  the  Upper  Mississippi  Vallej  aud  the  "  Primordial "  quartzite  of  the 
Northwest  appears  to  be  based  upon  the  fact  that  the  ^<  Granular 
Quartz"  of  Vermont  and  Massachusetts  rests  nncontbrmably  upon  the 
Archean,  and  that  a  similar  quartzite  is  superjacent  to  Archeau  rocks 
in  the  Mississippi  Valley.  This  same  principle  of  correlation  appears 
in  his  statement  that  the  stratigraphic  relations  of  the  ^'  Granular 
Quartz"  and  the  Potsdam  of  New  York  are  the  same.  He  says:  ^^In 
the  first  place,  they  are  seen  to  lie  nucouformably  upon  the  older  gran- 
ite." ^ 

Messrs.  N.  H.  Winchell  and  H.  V.  Win  chell  correlated  the  Winooski 
marble  series  of  Vermont  with  the  Stockbridge  limestone  or  marble 
belt  of  the  southwestern  portions  of  the  State.* 

This  correlation  is  based  upon  {a)  the  assumed  Primordial  age  of  the 
iron-bearing  limestones  and  shales  of  the  Penokee  Gogebic  range  of 
Wisconsin  and  the  Mesabi  range  of  Minnesota,  and  their  assumed  strat- 
igraphic  identity  with  tlie  limestones  aud  shales  of  western  Vermont, 
which  correHi)ond  to  the  Stockbridge  limestones  and  iron  ores  of  west- 
ern New  England ;  (h)  the  known  Cambrian  age  of  the  Winooski  marble 
series. 

Meek. — As  paleontologist  of  the  Hayden  and  other  surveys  of  the 
interior  and  western  coiitineutal  area,  Mr.  F.  B.  Meek's  iufiuence  upon 
the  correlation  of  fossiiiferous  strata  was  importauL  His  views  upon 
correlation  by  paleontologic  evidence  are  given  in  a  report  on  the  Pale- 
ontology of  eastern  Nebraska,  as  follows: ^ 

There  are  probably  few  well  iuformod  geologists  who  will  at  the  present  time 
juaiatain  that  the  occurrence  of  a  very  similar  or  even  the  sauie  group  of  fossils  at 
widely  separated  localities  necessarily  proves  the  rooks  iu  which  they  are  found  to 
be  of  exactly  cotitemporanoous  origin.  The  most  that  is  now  generally  maintained 
in  this  regard  is  that  such  identity  or  correspondence  of  types  at  very  distantly 
separated  parts  of  the  world  indicates  that  the  strata  in  which  they  are  imbedded 
were  formed  during  the  prevalence  of  identic<al  or  similar  physical  conditions  at 
some  time  during  the  same  great  geological  epoch,  and  that  they  hold  the  same  or 
nearly  the  same  relative  poMitionin  the  geological  coliiuifi  of  their  I'espective  districts. 
For  instance,  although  a  stratum  in  the  Kocky  Mountains,  containing  the  remains  of 
very  nearly  the  same  fauna  as  some  particular  sul  ili«ision  of  the  Devonian  system 
of  Europe,  might,  for  aught  we  know,  be  hnndredti  of  years  older  or  newer  than  that 
particular  division,  we  would  have  little  or  no  room  for  doubting  that  it  belonged  to 
the  great  Devonian  series,  or  possibly  even  to  some  definite,  known  horizon  iu  that 
series.  We  could  moreover  very  positively  assert  in  such  a  case  that  it  would  be, 
according  to  all  past  experience,  useless  to  seek  there  at  any  lower  geological  hori-. 
zou  for  workable  beds  of  coal,  or  to  expect  to  find  Silurian  rocks  or  any  of  their  pe- 

*  The  crystalliue  rockfl  of  Minnesota.  General  report  of  progress  made  in  the  study  of  their  field 
relations.  Statement  of  problems  yet  to  be  solved.  Geol.  and  Nat  Hist  Sarvey  of  Minn.,  17th  Ann. 
Rep.  for  1888, 1889,  p.  40. 

*  The  Taoonic  Iron  Ores  of  Minnesota  and  Western  New  England.  Am.  Geologist,  voL  6, 1899,  pp. 
203-274. 

'Report  on  the  Paleontology  of  eastern  Nobcaska,  in  Final  B«p.of  U.  S.  GeoL  Surv.  of  Nebraska, 
Washington,  1872,  p.  83. 
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Guliar  products  above,  Bopposing  there  Lad  been  no  overturning  of  the  slrata  at  the 
particular  localities. 

Hence,  altbongl)  paleontology  does  not  enable  as  to  ascertain  the  exact  actual  ages 
of  rocks,  when  applied  with  due  caution  and  skiU  in  connection  with  a  careful  ob- 
servance of  their  stratigraphical  arrangement  and  lithological  and  other  physical 
characters,  it  does  afford  the  means  of  fixing  their  relative  ages,  as  well  as  of  identify- 
ing the  same  beds  at  different  localities,  within  given  fields  of  observation,  with  very 
cMinsiderable  precision.  It  is  therefore  not  merely  one  of  the  more  imiK>rtaut  aids  to 
the  geologist  in  his  investigations,  but  in  the  presenfBtate  of  geological  scieuce  it 
is  the  only  sure  guide  in  classifying  and  determining  the  order  of  succession  of  rocks 
where  this  can  not  be  done  by  their  actual  cuiitiunity  or  obvious  superposition.  For 
these  reasons  it  is  now  the  nniversal  practice  in  all  geological  surveys  conducted 
upon  Boand  scientific  principles  to  devote  especial  attention  to  this  department. 

BOCKT  MOUKTAINB. 

Whitney, — lu  speaking  of  the  occurrence  of  the  Primordial  fauna  iu 
Nevada  Prof.  J.  D.  Whitney  calls  attention  to  the  fkct  that  the  fossils 
are  of  Potsdam  age,  and  that  similar  trilobitcs  and  brachiopods  occur 
in  Bohemia  in  argillaceous  shales ;  throughout  the  United  States,  from 
Nmv  York  to  the  Rooky  Mountains,  iU'  the  ^<  Potsdam  sandstone,  or  iu 
the  shales  or  slates ; "  in  Texas  and  in  Nevada,  in  limestone.     lie  says : 

This  discovery  will  also  indicate  the  necessity  of  caution  in  theorizing  on  the  geo- 
logical structure  and  age  of  regions  which  have  only  heeu  hastily  examined.  It  will 
not  do  to  put  dpwn  every  red-sandstone  group  below  the  Trias  in  the  far  west  as 
'*  Potsdam,''  for  that  subdivision  may  be  much  lower  down,  hiding  itself  as  a  modest 
limestone  of  a  very  neutral  tiut  of  colbr.^ 

Although  not  stated,  it  is  evident  that  the  principle  of  correlation 
used  is  purely  biologic,  or  the  occurrence  of  similar  fossil  remains. 

Bradley. — When  describing  the  strata  upon  the  western  base  of  the 
Wasatch  range,  near  Ogden,  Utah,  Prof.  F.  H.  Bradley  refers  the 
quartzite,  some  1,500  feet  in  thickness,  to  the  Potsdam,  and  the  gray  and 
calcareous  shales  and  limestones  above  to  the  Upper  and  Lower  Silu- 
rian.' A  reference  to  the  Upper  Silurian  was  on  the  assumption  that 
the  limestone  was  the  same  limestone  as  that  found  25  miles  to  the 
north,  in  which  the  characteristic  Niagara  coral  Halysites  catenulata  was 
obtained  by  Dr.  Hayden  in  1871.  1}\e  data  upon  which  the  other  cor- 
relations are  made  are  not  given.  It  is  probable  and  almost  certain 
that  the  presence  of  a  quartzite  beneath  the  limestone,  supposed  to  be 
of  Silurian  age,  was  considered  to  be  sufficient  for  the  reference  to  the 
Potsdam  sandstone.  He  correlates  the  glauconite  sandstone  beneath 
the  limest4)ne  of  the  Teton  range  section,  which  curries  Gonocoryphe 
and  Dikeloceplialus,  with  the  Knox  sandstone  of  SatT'ord,  in  Tennessee. 
Beneath  them,  and  often  present  when  they -flro  absent,. he  found  from 
50  to  75  feet  of  a  very  compact  ferruginous  quartzite  "  which  must  rep- 
resent the  Potsdam."' 


'  Not«  on  tlio  occntTonce  of  the  *'  Primordial  Fauna"  in  Nevada.  Am.  Jonr.  Soi.,  3d  ter.,  vol.  3, 1872, 
I>.85. 

*  Roport  of  Frank  II.  Bradley,  geologist  of  the  Snake  Rirer  Division.  U.  S.  Ueol.  Siir.  of  the  Terr.,  6th 
Ann.  R<p.  1873, p.  194. 

>0p.cit,p.2ie. 
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It  is  evident  tbat  Prof.  Bradley  hart  in  mind  tlie  Tennessee  section, 
with  wliicli  he  was  familiar,  and  on  finding  a  quartzite,  correspoml- 
ing  to  the  Chilhowce  quartzite,  and  then  a  sandstone  and  shale  corre- 
sponding in  position  to  those  of  the  Knox  section,  he  correlated  the  two 
apon  the  evidence  of  serial  relation  of  similar  deposits  and  the  presence 
of  certain  fossils  in  the  limestone  superjacent  to  the  sandstone. 

Fortieth  parallel  survey, — Tlie  correlations  made  by  the  fortieth  paral- 
lei  survey  of  the  Paleozoic  rocks  of  Utah  and  Nevada  with  those  of  the 
eastern  part  of  the  continent,  especially  the  New  York  section,  are 
based  almost  entirely  upon  the  paleontologic  evidence  as  determined 
by  Messrs.  Hall  and  Whitfield.  Within  the  area  of  the  survey  corre- 
lations were  made  both  on  the  stratigraphic  succession  of  beds  of  dif- 
ferent lithologic  character,  and  the  prcsenceof  similar  organic  remains. 
A  corralation  based  on  the  ^^  likeness  of  two  great  masses  of  rock  to 
each  other  that  occur  beneath  a  known  horizon  "  is  made  by  Mr.  Clar- 
ence King  as  follows : 

Comparing  the  qiiartzites  and  argiUites  with  those  of  the  Carnbrian  section  in 
Wales,  the  likeness  is  too  great  to  pass  unnoticed,  and  in  view  of  the  enornaous  de- 
velopuients  of  these  low-lying  rocks  as  compared  with  the  Silnnan  lying  above  the 
Primordial  horizon,  I  have  determined  to  draw  a  Hue  at  the  upper  limits  uf  the  Pri- 
mordial period  to  include  the  uppermost  memberd  of  the  Potsdam  epoch,  and  to  con- 
sider the  whole  underlying  conformable  series  as  Cambrian  down  to  the  point  of 
their  nonconformity  with  the  Arcliean.' 

Exploratmis  and  surveys  west  of  the  one  hundredth  meridian, — The 
correlations  made  in  the  publications  of  this  survey  on  the  Lower  Paleo- 
zoic rocks  are  mainly  by  Mr.  G.  K..  Gilbert  in  his  report  on  the  geology 
of  portions  of  Nevada,  Utah,  California,  and  Arizona.^  The  datansed 
for  correlation  are,  the  stratigraphic  position,  lithologic  characters,  and 
the  presence  of  fossils  of  previously  determined  range.  No  attempt  is 
made  to  coi  relate  by  a  study  of  the  minor  details  of  the  faunas  and 
strata  except  in  the  correlation  of  the  Tonto  of  the  Grand  Canon  dis- 
trict with  the  Primordial  formations  of  the  East.  From  the  known 
position  of  the  genus  Cruziana  he  argues  that  the  beds  containing  it 
are  Lower  Silurian  or  Primordial.  ^Mr.F.  B.Meek  compares  the  species 
of  Olenellus  found  in  central  Nevada  with  0.  thompsoni  and  0,  vermon- 
tana  of  Vermont  and  thus  indirectly  correlates  the  faunas.^ 

Oeologicitl  surveys  of  the  Territories, — The  correlations  made  by  the 
various  writers  of  the  Powell  and  Hayden  surveys  were  principally 
based  uiton  the  p<aleontologic  determinations  of  Mr.  F.  B.  Meek  and 
Dr.  C.  A.  White  outside  the  territory  of  the  survey,  and  within  its  ter- 
ritory on  stratigraphic  positions,  lithologic  character,  and  fossils  when 
present.  In  most  instances  the  data  for  correlation  are  not  given,  the 
ideutiOcation  of  the  formations  following  that  of  previous  workers  iu 
the  same  territory.    An  example  of  this  is  found  in  the  ^^  Geology  of  the 

'  Paleozoic  fiubili visions  on  the  40th  Pariiilol.    Am.  Jour.  Sci.,  3d  ser.,  Yol.  11, 1876,  p. 476b 

>  Bxpl.  anil  Surv.  West  of  lOOtb  Merid.,  voL  3, 1873;  pp.  166-171. 

*Oi>.cit.,pp.l82.183. 
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Black  Hills  of  Dakota,"  where  a  samlstoiie  cbaracteiixed  by  Upper 
ijambrian  fossils  is  identified  witliout  coiumeut  as  the  Totsdaiu  sand- 
Htone. 

C.  S.  Geological  Survey, — In  tbo  consolidation  of  the  various  Gov- 
ernment surveys  and  their  reorganization  under  one  head  in  1879  the 
opportunity  for  broad  comparisons  and  studies  was  increased,  and  the 
opiwrtunities  were  still  further  increased  in  1881,  when  the  survey  was 
extended  to  include  the  entire  area  of  the  United  States.  In  the  Uocky 
Mountain  Province  the  correlations  of  the  fortieth  parallel  survey 
were  accepted,  and  extended  in  the  abstract  of  the  report  on  the  geol- 
ogy of  the  Eureka  district  of  Nevada.*  In  the  report  on  the  paleontology 
of  the  district  the  paleontologic  data  upon  which  the  correlations  were 
mad^  are  assembled  and  described.'  In  this  it  is  shown  that  wliil  *  corre- 
lations between  the  great  grouj)8  may  be  extended  between  the  Appa- 
lachian Province  and  the  liocky  Mountain  area,  it  is  impossible  to 
correlate  the  minor  divisions  of  the  groups. 

In  188G  an  extended  correlation  of  the  rocks  and  fossils  from  the 
Lower  Oambrian,  then  called  Middle  Cambrian,  was  published  in  Bul- 
letin No.  30  of  the  U.  S.  Geological  Survey.'  Typical  sections  are 
driven  of  the  Oambrian  rocks  of  the  Atlantic  Coast,  Apipalachian,  and 
liocky  Mountain  Provinces,  with  the  names  of  the  species  of  fossils 
occurring  in  the  various  zones,  and  on  page  44  the  various  sections  are 
correlated  and  grouped  in  a  table  to  show  their  relative  range.  The 
principles  of  correlation  are  not  enunciated,  but  those  used,  as  shown 
by  the  text,  are  the  stratigraphic  position  of  the  faunas  in  relation  to 
each  other  iu  the  same  province  and  a  comparison  of  the  faunas  in  one 
area  with  those  of  another. 

In  a  more  recent  work*  the  correlations  are  made  between  the  various 
horizons  of  the  Cambrian  of  the  United  States  on  the  stratigraphic 
jiosit  ion  of  the  strata  and  the  occurrence  of  similar  groupings  of  organic 
remains.  It  is  observed  that  the  presence  of  the  Olenellus  fauna  is 
regarded  as  the  strongest  factor  in  the  correlation  of  the  Lower  Cam- 
brian, and  it  is  assumed  that  the  presence  of  this  fauna*indicates  the 
same  geologic  horizon.  It  is  not  implied  that  the  formations  charac- 
terized by  the  Olenellus  fauna  are  strictly  contemporaneous  wherever 
it  has  been  found.  On  the  contrary,  its  presence  in  such  widely  sepa- 
rated localities  as  England,  France,  Spain,  Nevada,  and  British  Colum- 
bia is  considered  as  prima  facie  evidence  that  the  deposits  are  not 
strictly  contemporaneous.  That  they  were  contemporaneous  in  a  geo- 
logic senseor  that  they  occupy  the  same  relative  position  in  the  geologic 
series  is  accepted  throughout  the  paper. 

I  Tbird  Adii.  Kept.  IT.  S.  Geol.  Snrvej,  1883,  pp.  248-272. 

*  Moog.  U.  &  Geol.  SiiiTfy,  vol.  8, 1881. 

*  Walcott,  C  0. :  Second  contribution  to  Uie  stodiea  of  the  Cambrian  faunas  of  North  America. 
1886. 

^Walcotts  C.  D. :  The  fauna  of  the  Lower  (Jambrian  or  OleneUaa  zone.    Tenth  Ann.  Kept.  U.  S.  GeoL 
Survey.  1810,  pp.  509-763. 
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Ill  liis  exlc'udi'd  anil  Taliiable  I'ssnys  upon  tbc  liistory  of  tlie  iinmoR 
Cumbrian  and  Silurian  in  grolofjy  and  theTaconic  question  in  geolojry, 
and  numerous  otlior  nnnor  iiapors,  Dr.  T.  S.  Hunt*  chaiiy  sets  foitli 
tiie  description  of  tlie  various  strata  referred  to  the  Cambrian  and 
Silurian  in  America  and  Europe,  and  shows  by  testimony  of  different 
writers  the  rehitions  the  various  formations  sustain  to  each  other,  lioth 
strati|2:raphicaliy  and  in  their  geographic  distribution.  Nearly  all,  if 
not  all,  tlie  original  correlations  made  by  him  are  based  upon  lithologic 
data,  as  be  Itelieves  in  a  uniform  developorent  and  sequence  of  litho- 
logic forms  from  earlier  Archean  time  to  the  deposition  of  the  fossilif- 
erous  sedimentary  rocks.  The  correlations  within  the  latter  are  largely' 
made  upon  their  stratigraphic,  lithologic,  and  paleontologic  characters 
as  mentioned  by  authors. 

CORRELATIONS  WITH  EUROPEAN  FORMATIONS. 

Numerous  correlations  were  made  between  the  strata  of  the  forma- 
tions of  America  and  those  of  Europe  by  Messrs.  Conrad,  Owen,  Koger<», 
Troost,  Jackson,  and  others;  but  it  was  not  until  the  investigation  of 
M.  Edward  de  Vei  nenil,  in  1847,  that  correlations  were  made  by  one 
who  had  personally  investigated  the  formations  and  fossds,  both  in 
Europe  and  America.* 

De  Verncuih — He  began  his  comparisons  with  the  view  that  super- 
position was  the  foundation  of  paleontology;  that  the-only  compari- 
sons that  could  be  made  between  continents  se])arated  by  a  sea  was 
by  a  study,  in  each  of  them,  of  a  series  of  beds  confined  between  two 
zones  at  well  determined  points;  that  their  fossils  must  be  compared, 
and  the  identical  species  picked  out  to  see  if  the  species  are  distributed 
according  to  the  same  laws.  He  concluded  that,  if  it  happens  in  the 
two  countries  that  a  certain  number  of  s>  stems,  characterized  by  the 
same  fossils,  are  sui^crimposed  in  the  same  order,  whatever  ma^-  bo 
otherwise  their  thickness  and  the  number  of  physical  groui)s  of  which 
they  are  composed,  it  is  philo>ophical  to  consider  these  systems  as 
parallel  and  synchronous.  Comparisons  were  made  between  the  strata 
in  the  two  countries  that  occur  beneath  the  coabbeariug  or  Carbonifer- 
ous rocks.  He  noted  that  the  Potsdam  sandstone  with  Lingula  is  prob- 
ably analogous  to  the  sandstone  with  Obolus,  of  Kussia,  and  the  lo\Ccr 
sandstones  of  Scandinavia.  ''These  are  in  the  two  continents  the 
most  ancient  preCarboniferous  rocks." 

Tho  8ilic€0u8  limestones,  those  of  Black  River  and  of  Trenton,  are  the  equivalents 
of  a  great  part  of  the  Lower  Silurian  stage  of  Europe,  and  they  occupy  the  saihe  posi- 


'  Hintory  of  the  names  Cambrian  and  Sihirian  in  Geology.  Canadian  Nat.,  new  ser.,  vol.  6, 1872,  pp. 
281-312,417-448.  The  Taconio  Question  in  Geolofi^.  Mineral  Pb^'siolngy  and  Pbytlography.  A  aec- 
ODd  scries  of  Chemical  and  Geological  Essays.     1886,  pp.  517-680. 

'Note  sur  le  parall^lisme  dee  roches  des  d6p4t«  pal6ozoTqa<Hi  de  TAm^riqae  Septentrionale  avec 

cenx  de  TBiirope,  suivie  d'nn  tableau  dc»  cM]i6ro8  fo^HUes  conimunon  mix  denz  cnntinetitM,  avec  I'indi- 

cation  de»  ^^taL'OH  ofi  oIIim  «e  rencontrcnt,  pI  tfrmm^o  p«r  iin  (>xnmcii  rritiqiio  de  rharnnodpres  e*»pdce«. 

Sor.  g6ol.  Franc»*,  Bull.,  I"  p6r.,vol.4,  pp  t^fl-TOO  1^47.     Traiiblated  nnd  condensed  by  Ptt>f.  Jamea  Hall. 

Am.  Jour,  Sol,  9U  a^r,,  voL  5, 1848,  pp.  ITG-IS;^,  '^W^~^1^  •,  ^ol,  T«  I84ti,  vV> 4^&1«  2X8-281. 
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tion  as  tho  bitiiniinons  scbiste  and  the  Orthoceratite  limesioues  of  Sweden  and  Rns- 
sia.  The  Utica  slate  and  the  Hudson  River  group,  with  the  Graptolites  at  their 
base,  reprcHont  the  Graptolite  slates  which  in  Sweden  succeed  to  the  red  Orthocera- 
tito  liuiestooe.    They  are  aUo  the  same  an  those  of  Bain  in  France.^ 

Of  the  Upper  Siluriau  rocks  the  Nia<^ara  group  is  coDsidered  the 
exact  equivalent  of  the  limestoues  and  slates  of  Wenlock  and  of  Goth- 
land. The  Clinton  group,  with  Pentafnerus  oblongusy  represents  the 
extreme  u{)per  part  of  the  Caradoc  sandstone,  or  a  stage  intermediate 
between  the  Wenlock  and  Oaradoc  beds;  while  the  live  inferior 
groups  of  the  Helderberg  division  represent  the  rocks  of  Ludlow.  The 
correlation  is  then  extended  to  the  Devonian,  and  lists  are  given  of 
identical  species  of  fossils  on  the  two  continents. 

Hall. — The  essay  of  M.  de  Verneuil  was  followed  in  1851  by  a  paper 
on  the '^Parallelism  of  the  Paleozoic  deposit  of  the  United  States  and 
Europe,''  by  Prof.  Jauies  Hall.  In  discussing  the  criteria  of  correlation 
he  says  :* 

The  simplest  pnuciples  of  elementary  geology  teach  us  that  sedimentary  beds,  hav- 
ing the  same  thickness  and  the  same  lithological  oharactersi  can  not  have  spread 
over  an  area  so  wide  as  that  now  inchulod  between  the  European  and  American  con- 
tinents. All  sedimentary  deposits  must  vary  in  character  at  remote  points,  as  the 
physical  conditions  of  the  ocean  can  not  be  presumed  to  have  remained  the  same  oyer 
a  wide  extent  of* surface.  Under  snch  circumstances  absolute  parallelism  is  not  to 
be  sought  for  or  expected.  Calcareous  deposits,  as  would  naturally  bo  supposed,  have 
been  found  to  be  more  pornistent  and  more  uniform  in  the  character  of  their  fossil  con. 
teots;  but  these,  over  some  portion  of  their  extent,  have  ofteu  been  invaded  by 
argillaceous  and  arenaceous  sediments,  and  the  fauna  is  found  to  be  in  a  greater  or 
less  degree  influenced  by  suchcircuni^itauces.  In  distant  and  disconnected  localities 
we  are  compelled  to  base  our  opinions  of  the  equivalency  of  beds  upon  the  organic  re- 
mains which  they  contain  ;  and  when  we  reflect  that  the  nature  of  the  sediment  nsay 
in  a  great  degree  influence  the  character  of  the  fossils  we  shall  not  fail  to  recognize 
the  necessity  of  keeping  the  character  of  these  lithological  changes  in  view.     •    •    • 

Besides  the  changes  which  take  place  in  the  nature  of  thebediment  deposited  upon 
the  bod  of  the  ocean,  we  are  to  look  to  other  important  conditions  which  may  afleot 
the  fauna,  and  consequently  our  conclusions  regarding  the  equivalency  of  forma- 
tions. Among  the  most  important  of  these  is  the  depth  of  the  ocean  in  which  the 
animals  lived,  since  we  know  that  certain  species  are  couQned  within  certain  zones, 
depending  on  the  depth  of  the  water. 

There  are  other  conditions  which  sensibly  affect  the  distribution  of  organic  life, 
snch  as  temperature,  pressure,  and  light.  *  *  *  In  investigating  the  fauna  of 
past  ages  we  see  nothing  to  lead  us  to  believe  that  the  same  great  laws  which  regu. 
late  the  distribution  of  species  did  not  then  operate  with  as  great  effect  as  at  the 
present  time. 

In  speaking  of  the  attempted  correlation  between  the  European  and 
American  rocks  Prof.  Hall  remarks : 

All  the  attempts  to  show  that  the  parallelism  of  American  and  European  paleozoic 
deposits  have  been  with  a  view  to  find  a  correspondence  with  the  European  stand- 
ard where  the  series  is  confessedly  incomplete,  and  where  it  has  suffered  during  its 
deposition,  or  subsequent  to  it,  many  disturbances.* 

>  Op.  oit.,  p.  861. 

*Koi>ort  on  tho  Geology  of  lli9  liftlte  Stiperior  Land  District,  by  J.  W.  Fuator  and  J.  D.  Whitney^ 
Tart  II.  1851.  pp.  286,  !>87^ 
•0p.cit,p.294. 
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Tlic  author  agrees  with  M.  de  Veriieuil  that  tlie  Polsilam  sandstone  is 
represented  in  Uussia  by  the  beds  containing  Obolus  and  Lingula,  and 
in  Scandinavia  by  the  sandstones  which  rest  u  neon  form  ably  upon  the 
gneissoid  and  schistose  rocks  composing  the  Azoic  system.  Of  the 
Chuzy,  Birdseye  and  Black  Itivir  limestones  of  New  York  he  says: 

TliHy  ar<5  not  very  clearly  roco;;iiize(l  in  Europe.  It  \h  probable  that  some  part  of 
tlio  Ortlioccratite  liine8toiie  of  Sweiieii  is  the  equivalent  of  the  Black  River  iiiass; 
hut  wo  have  no  evidunco,  from  fossila  or  otherwise,  that  there  are  auy  represetita- 
tivoa  of  the  two  lower  rocks.     •     •     • 

The  Treutou  liiiieHtone,  the  Utica  slato,  and  the  Hudson  River  group  are  repre- 
sented in  northern  Europe  by  Uie  Orthocerati te  limestone  of  Swedeu  and  Russia  and 
by  th«)  tdiales  with  Graptolites,  which  succeed  to  that  limestone.  In  Great  Britain 
the  Llundeilo  Hags  and  Caradoc  sandstone  are  clearly  the  equivalent  of  these  groups. 
It  is  here  that  we  first  find  a  number  of  species  identical  with  European  ones,  and 
which  en.ible  us  to  iustitnte  a  comparison.  It  will  be  found,  however,  that  the 
species  in  the  Hudson  River  group  correspond  most  nearly  with  the  European  forms, 
and  that  it  may  be  doubtful  if  the  base  of  the  Trenton  limestone  has  been  reached  in 
Great  Britain.' 

The  Clinton  group,  with  its^eds  of  Pentamerus  ohlongita^  represents  what  in  Eng- 
land is  regarded  as  the  upper  part  of  the  Caradoc  sandstone;  but  we  find  it  not 
only  above  this  well  marked  horizon,  which  we  have  already  indicated,  but  asso. 
ciated  with  numerous  species  of  fossils,  some  of  which  are  known  as  npper  Silurian 
forms  in  Europe,  and  others  pass  into  forms  characteristic  of  the  Niagara  group  in 
this  country.  • 

The  Niagara  group,  with  its  shale  and  limestone,  would  seem,  at  first  view,  to  be 
the  exact  equivalent  of  the  8hale  and  limestone  of  Weulock  and  D:idley  in  England, 
and  of  Gothland  in  Sweden,  so  numerous  are  the  identical  species  in  those  groups; 
but  on  examination  we  find  that  there  are  numerous  species  included  in  these  rocks 
in  Europe  which  occur  only  in  the  lower  Helderberg  limestones,  and  which  are 
separated  from  the  Niagara  by  the  enormous  deposit  of  the  Onondaga  sail  group. 
It  is  clear,  therefore,  that  in  the  Wenlock  formation  of  England  and  its  representa- 
tives in  northern  Europe  are  included  parts  at  least  of  two  distinct  groups  in  the 
order  of  time — distinct  both  in  their  physical  and  zoological  features;  and  we  can 
not  institute  a  proper  comparison  Uetween  the  rocks  of  our  own  country  and  thoee 
of  Europe  while  we  regard  that  as  one  group.  The  condition,  both  iu  England  and 
on  the  continent,  is  doubtless  similar  to  what  we  find  in  Tennessee  and  Virginia, 
where,  from  the  absence  of  the  intermediate  groups  not  only  the  Niagara  and  lower 
Helderberg  are  united  together,  but  even  the  upper  Helderberg  limestones  are 
superadded.' 

Barrande, — A  correlation  based  apon  paleontologicdata  was  made  by 
Mons  J.  Barrandc,  in  1853,  between  the  formations  characterized  by  the 
first,  second,  and  third  faunas  of  Europe  and  those  included  in  the 
Silurian  of  America.  In  commenting  upon  the  identification  of  the 
Kussian  Obolus  apoUinia  Eichwald,  by  Owen,  with  the  Potsdam  sand- 
stone species  of  the  Upper  Mississippi  Valley,  he  says: 

In  fact  I  am  inclined  to  think  that  science  has  passed  out  of  the  epoch  when  it  was 
thought  nece8s;iry  to  have  identical  species  in  order  to  recognize  equivalence  of  geo- 
logic horizons,  oven  at  great  distances  on  the  earth's  surface.  The  distribution  of  our 
present  fauna  teaches  us  that  this  means  can  not  be  altogether  relied  on  to  prove 
strata  coutemporaueons.' 

> Op.  rit.,  pp  295, 2W.  'Op.  cit-., p. 299. 

*ZlMiTaiide.  J:    (SUur-faana  in  Wisconsin  and  in  New  York.)    Keuos  Jfthrbnch  fUr  Miner.,  1853,  is 
989, 
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The  fact  that  the  Paleozoic  forniatiouB  of  Auierica  during  the  appearance  and  dis- 
appearance of  three  succesaive  faunas,  yrhicb  despite  some  common  species  are  on  the 
whole  well  distinct,  teaches  ns  that  the  extinction  and  appearance  of  hein^s  on  the 
earth's  surface  are  by  no  means  determined  exclusively  by  the  physical  revolutions 
of  the  crust,  bat  arc  ordered  and  ro<;ulated  by  the  laws  of  animal  creation  itoelf. 
Still,  it  is  not  my  intention  to  follow  out  this  considcratioai  as  it  would  lead  me  too 
far.  I  merely  wished  to  mention  this,  in  pasHint;,  as  a  subject  fur  further  study,  and 
to  point  oat  to  investij^ators  that  paleontology  leads  to  the  establishment  of  a  geo- 
logic chronology,  independently  of  the  more  or  less  local  revolutions  which  the  fossil- 
iferous  strata  have  undergone  since  their  deposition.* 

From  a  stady  of  the  faanas  of  the  two  coantries  he  cousidered  that 
the  first,  second,  aud  third  faunas  of  Bohemia  are  to  be  identified  in 
America ;  tliat  there  exist  manifohl  relations  in  all  classes  of  animals  of 
the  Upper  Silurian  division  of  the  United  States  and  Bohemia;  that, 
in  the  first  volume  of  Ball's  Paleontology  of  New  York,  on  the  Lower 
Silurian  division,  from  the  Potsdam  sandstone  to  the  Hudson  River 
p^ronp  inclusive,  he  recognizes  the  First  Silurian  fauna  of  Bohemia, 
Swedeti,  and  England  ;  that  the  presence  of  the  long-missed  first  fauna 
of  Bohemia  in  America  has  been  demonstrated  in  a  very  satisfactory 
manner  by  Owen  in  his  discoveries  in  the  north  western  United  States; 
and  that  the  occurrence  of  this  fauna  in  the  State  of  Georgia  is  indi- 
cated by  a  Couocephalus  brought  to  Fngland.    in  conclusion,  he  says : 

Hence  I  am  now  perfectly  convinced  that  the  Silurian  formations  of  North  Amer- 
ica, as  well  as  those  of  the  old  continent,  coutaiu  a  succession  of  three  different  faunas, 
which,  on  being  separately  compared  with  the  latter,  are  seen  to  consist  of  the%anie 
geologic  elements  and  to  follow  each  other 'in  the  same  order.  When  I  say  that  they 
consist  of  the  same  geologic  elements  you  know  already  that  I  am  far  from  wishing 
to  maintain  identity  of  species.  I  rely  on  other  more  genernl  analogies  which  to  me 
BTfd  not  less  convincing.  This  is  not  the  place  to  explain  this  more  in  detail,  as  that 
would  lead  me  too  far;  but  you  will  find  here  and  there  in  my  work  some  passages 
which  express  my  view  of  the  matter.  In  admitting  and  recognizing  in  all  Silurian 
regionsof  the  two  continent's  three  general  faunas  corresponding  and  equivalent  to 
each  other,  I  am  induced  by  the  facts  to  pronounce  a  further  result  of  my  investiga- 
tions, namely,  that  the  local  divisions  of  strata  containing  these  great  faunas,  though 
greatly  differing  from  each  other  in  each  region  of  a  certain  extent,  are  not  equal  to 
each  other  in  the  various  countries,  especially  when  the  countries  are  far  apar^, geo- 
graphically. This  truth  seems  to  me  holidly  established  by  a  multitude  of  facts 
which  are  tabulated  and  compared  in  my  geologic  sketch,  and  is  confirmed  in  a  very 
satisfactory  manner  by  the  facts  mentioned  in  volume  '2  of  J.  Hall's  Paleontology  of 
New  York.' 

Rogers, — In  a  paper  read  before  the  British  Association  for  the  Ad- 
vancement of  Science  in  1S56,  on  the  correlation  of  the  North  American 
and  British  Paleozoic  strata.  Prof.  Oenry  D.  Bogers  described  the 
Paleozoic  section  of  the  Appalachian  region  and  that  of  England,  and 
instituted  comparisons  between  them,  to  show  the  parallelism  of  the 
North  American  and  European  Paleozoic  rocks.^    He  says: 

In  attempting  this  correlation  it  should  be  remembered  that  nature  represents  no 
true  or  literal  equivalency  of  strata,  nor  anything  closer  than  a  mere  approximate 

>  op.  cit.,  p.  339.  'Op.  cit, p.  345. 

•On  the  eorrelation  of  the  North  Amerloaa  and  Britinh  Paleoeoio  strata.    BritUh  Amoo.  Adv.  Sol., 
voL  28, 1867.    Trans.  Seo..  p.  184. 
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relatiouship  wbere  the  deposito  compared  belong  to  independent  basinsi  oreyento 
the  remote  sides  of  tbe  saiue  great  recept^acle.  Tbe  most  we  can  bope  to  catab'ish  is 
a  general  agreement  in  time,  with  possibly  a  stricter  synchronism  of  tbe  few  chief 
paroxysmal  movements  which  agitated  tbe  bed  of  the  ancient  ocean.  Partially  rep- 
resentative formations  are  discoverable,  but  equiralent  ones  are  not  to  be  looked  for 
upon  any  philosophical  view,  since  tlio  distribuiion  of  organic  beings  is  essentially 
partial  or  geographical.  The  life  horizons  of  the  globe  are  no  more  universal  than 
are  its  horizons  of  sedimentation.  With  these  reservations  we  turn  to  the  degrees  of 
affinit)',  linking  the  American  and  European  Paleozoic  groux>s  of  fossils. 

Ab  the  result  of  his  correlation  he  concludes: 

(a)  Tbe  Appalachian  Primal  series  is  obviously  nearly  on  the  horizon 
of  Barrande's  Primordial  zone  and  the  lowest  rocks  of  Russia  and 
Scandinavia. 

{b)  The  Appalachian  Auroral  strata  may  possibly  be  approximately 
contemporaneous  with  the  Swedish  Orthoceratite  limestone.  The 
Auroral  series  includes  the  Galciferous.  Gliazy,  and  Black  River  groups. 

(c)  The  Matinal  series  of  the  Trenton  and  Hudson  River  groups, 
from  the  testimony  of  the  fossils,  are  represented  in  Britain  by  tbe 
Uandeilo  flags  and  Caradoc  sandstone,  or  more  generally  by  Sedgwick's 
Bala  or  Upper  Cambrian  group.  He  also  finds  a  near  equivalent  in  the 
Orthoceratite  limestone  of  Sweden  and  Russia  and  in  the  Graptolite 
shales.  The  authority  of  Prof.  Hall  is  cited  to  show  the  paleontologic 
similarity  of  the  English  and  American  formations. 

(d)  The  Levant  or  Medina  group  does  not  appear  to  be  represented  in 
Europe. 

_  • 

(e)  The  Snrgent  and  Scalent  series,  or  Clinton  and  Niagara,  are  com- 
pared with  the  British  Wenlock  strata. 

(/)  The  Pre- meridian  seriei)  or  Lower  Helderberg.  He  quotes  Mr. 
Hall  as  saving  that  he  agrees  with  Mr.  Sharpe  and  regards  the  Lower 
Helderberg  strata  as  representing  the  Wenlock  formation  of  England, 
while  M.  de  Yerneuil  considers  them  as  equivalent  to  the  Ludlow.  He 
then  proceeds  to  correlate  tbe  Devonian  formations  with  those  of  Ea- 
rope. 

His  final  conclusion  is: 

From  all  the  foregoing  facts  and  statements  we  arrive  at  this  general  inference, 
that  npou  both  paleontological  and  physical  evidence  there  is  no  well  marked  Silu- 
rian-Devonian break  discernible  in  the  North  American  basin,  no  proof  of  an  e{K>ch 
or  general  interruption  in  the  life-stream,  with  wide  crnst  disturbance  in  the  middle 
Paleozoic  ages,  sach  as  that  which  in  earlier  times,  in  the  morning  of  the  Paleozoic 
day,  at  the  Cambro-Silurian  transition,  revolutionized  alike  the  entire  extent  of  the 
American  and  European  areas,  both  in  their  inhabitants  and  in  their  physical  geog- 
raphy.' 

Bigsby. — A  most  elaborate  comparison  and  correlation  between  the 
Paleozoic  section  of  New  York  and  that  of  Wales  was  made  by  Dr.  J. 
J.  Bigsby  in  1859.  He  observes  that  ^^  both  these  geological  areas  ap- 
pear to  have  been  constructed  ou  the  same  great  comprehensive  prin- 
ciples and  nearly  of  the  same  material,  two  most  important  considera- 

>Op.oit.,p.l8e. 
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tions.  One  very  greaf  distinction  between  them,  however,  is  that  they 
have  received  difterent  d.vunmic  treatment,  in  the  frequency  of  plutonic 
disturbance  in  Wales  and  its  comparative  absence  in  New  York,  such 
dj'namic  treatment  involving,  it  must  be  kept  in  mind,  both  gradual  and 
sudden  changes  of  population.  While  the  strata  of  these  areas  are 
formed  of  much  the  same  mineral  substances,  the  conditions  of  these^ 
their  order,  and  quantities  are  very  varied."  * 

He  sums  up  the  points  of  zoological  similarity  under  the  following 
beads : 

(1)  The  organic  remains  of  both  basins  belong  to  tlie  same  orders  and  genera,  un- 
mixed with  those  of  other  sedimentary  systems,  as  Permian,  Jurassic,  etc. 

(2)  Vertebrate  animals  were  introduced  at  nearly  the  «nnio  date. 

(3)  The  organic  remains  approximate  clonely  in  general  facies. 

(4)  They  affect  strata  of  the  same  mineral  character  in  both,  the  majority  prefer- 
ring the  calcareous,  the  others  the  arenaceous  form  of  deposit. 

(5)  The  great  majority  exhibit  the  same  order  in  their  introduction  and  distribu- 
tion. This  is  seen  in  Orthis,  Peutamerns,  Spirifer,  and  oth(*r  Braohiopoda,  and  in 
£udoceras>,  Gcaptolites,  Trilobites,  etc.,  the  more  highly  organized  being  ofteu  prom- 
inent in  the  early  stages. 

(6)  The  law  of  divergency  into  several  matrices  is  the  same,  or  nearly  so,  in  the 
two  basins,  the  number  of  instances  being  fewer  in  New  York. 

(7)  The  great  majority  of  animals  typical  or  recurrent  in  one  basin  are  so  in  the 
other. 

(8)  The  great  majority  of  the  recurrent  fossils  in  both  occupy  the  same  number  of 
^pochs,  many  or  few. 

(9)  The  great  majority  observe  the  same  process  or  law  of  increment  and  decre- 
ment.   This  takes  place  in  nineteen  out  of  twenty-four  orders  and  genera. 

(10)  The  two  basins  have  108  organic  forms  in  common,  including  most  of  the  gen- 
era. 

(11)  The  same  orders  and  genera  are  rich  and  poor  in  species. 

(12)  There  is  the  same  limited  admission  of  Silurian  forms  into  the  Devonian  sys- 
tem in  New  York  and  in  £urope. 

(13)  The  plants  of  both  are  typical,  with  one  or  two  exceptions. 

Such  are  some  of  the  great  points  of  similarity.  Now  as  to  dissimilarity.  Those 
which  arise  out  of  the  mineral  character  are  partly  owing  to  physical  disturbances 
and  to  a  certain  amount  of  metamorphism  nndurgone  by  the  Welsh  strata.  The 
paleontological  difi'erences  are  many,  but  small,  often  merely  individual,  and  they 
seldom  affect  principles.  They  are  due  to  the  varying  sea  depths  and  other  well 
known  conditions. 

The  facte  just  recorded  certainly  indicate  a  close  connection  iu  nature  and  mode 
of  formation  between  the  basins  of  New  York  and  Wales.  They  seem  to  be  quasi- 
equivaleuts — the  same,  but  other,  to  hse  a  short,  but  convenient  phrase  in  common 


Agassiz, — When  eommenting  upon  correlations  made  between  the 
Paracioxides  zone  of  Newfoundland,  Massachusetts,  and  Scandinavia, 
Prof.  Louis  Agassiz  said  : 

That  there  may  be  synchronism  of  deposit  without  identity  of  fossils  mnst  be  evi- 
dent if  we  glance  at  the  present  distribution  of  animals.  If  at  the  present  epoch 
the  fauna  of  America  and  Australia  hhouhl  become  fossilized  there  would  not  be  the 

■lightest  resemblance  between  the  representative  species  of  the  two  continents.    The 

-  I 

'  Quart.  Jour.  Geol.  Soo.,  London,  voL  15,  1859,  p.  299.  '  Op.  clt.,  ^y.  292^?S^ 
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paleontologist  roust  be  ready  to  admit  that  very  differout  fossil  faiinie  may  be  con- 
temporaneous, uud  that  tiiutr  diftereuoe  does  not  necessarily  imply  a  distinct  zoolog- 
ical age  J 

When  discussing  the  typical  forms  and  tbe  distribution  of  the  rocks 
of  the  Canibriau,  Mr.  J.  J.  Big^by  prcseots  a  table  sliowing  the  order 
of  succession  of  the  Cauibriuu  rocks  iu  various  countries.'  In  this  lie 
includes  the  Upi>er  Cambrian  sandstoues  of  Texas  and  Nebraska,  and 
they  are  referred  to  the  upper  or  Primordial  division  of  the  Cambrian. 

Matthew, — During  the  progress  of  his  extended  researches  iu  the 
fannsis  and  rocks  of  the  Cambrian  system  in  New  Brunswick,  Mr.  G. 
F.  Matthew  hiis  had  frequent  occasion  to  compara  the  stratigraphic 
succession  and  the  fauusts  of  the  Cambrian  of  New  Brunswick  with 
that  of  Europe. 

In  a  paper  read  before  the  British  Association  for  the  Advancement 
of  Science  in  lSd4,  ho  correlates  the  fauna  of  the  St.  John  group  of 
New  Brunswick  with  that  of  the  Cambrian  of  Wales,  and  concludes 
that  it  shows  closer  relations  with  the  Solva  group  than  with  the  Me- 
nevian.^ 

Near  the  close  of  the  same  year  he  stated  in  a  paper  read  before  the 
Natural  History  Society  of  New  Brunswick  that  the  discovery  of  a 
higher  fauna  enabled  him  to  correlate  the  beds  containing  it  with  the 
Menevian  group  of  Wales.* 

In  an  essay  on  the  classification  of  the  Cambrian  rocks  in  Acadia,^ 
Mr.  Matthew  considers  that  the  Potsdam  sandstone  is  equivalent  to 
the  Ceratopyge  limestone,  or  the  Tremadoc  group,  and  represents  the 
upper  part  of  the  Tremadoc,  as  the  Georgian  series  probably  does  the 
lower.  This  correlation  is  made  upon  the  interpretation  of  the  charac- 
ters of  the  genera  of  trilobites  in  the  American  and  Europeau  rocks. 

A  second  paper  on  the  classification  of  the  Cambrian  rocks  in  Acadia 
appeared  in  1889,  in  which  a  comparison  of  seclions  in  Sweden  and 
New  Brunswick  with  the  characteristic  sections  of  Cambrian  rocks  in 
Europe  and  in  North  America  is  made.*  In  the  comparison  of  sections 
of  Sweden  and  New  Brunswick  the  base  of  the  Paradoxides  beds  is  taken 
as  the  datum  point  and  it  is  shown  that  the  preParadoxidcs  horizon  is 
present  both  in  Sweden  and  New  Bruuswick,  and  that  the  Upper  Cam- 
brian or  Olenus  horizon  is  represented  in  New  Brunswick  by  Stage  2 
of  the  St.  John  County  section  and  by  the  same  stage  in  Sweden.  In 
the  second  table  of  the  sections  of  the  Cambrian  rocks  in  Europe  and  in 
North  America,  the  correlations  made  between  the  sections  of  Sweden 
and  New  Brunswick  are  accurate  and  valuable;  but  those  between  the 

'  On  the  difference  between  faanas  of  soological  and  geoloj^cal  periods.  Boston  Soo.  Nat  Hist, 
Proc.,  Tul.  8, 1863,  p. 58. 

*  On  the  Cambrian  and  Huronian  f»miation8.    Geol.  Soc.  Quart  Jonr.,  London,  toI.  19, 1863,  p.  44. 

*The  geological  age  of  the  Acadian  faana.    Brit  Asa.  A.dv-.  Sci.,  Rep.  54th  meoiing,  1884.  pp.  743, 743. 

*An  outline  of  recent  discoveriea  in  the  St  John  group.  Nat  Hist  Soc  N.  B.,  Bull ,  lio.  4^  18aS^ 
p.  101.  . 

* Cannd.  Kec.  Sci.,  vol.  3, 1888,  pp.  79, 80 . 

•CMiad.  Kec.  Sci.,  vol.  8, 1889^  pp.  808-811. 
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western  North  American  sections  of  tbe  Wasatcli,  Nevada,  Highland 
Bange,  and  Eureka  are  more  or  less  defective,  owing  to  the  imperfect 
interpretation  of  the  paleontologic  data. 

The  nest  essay  upon  the  correlation  and  comparison  of  the  European 
formations  with  those  of  America  by  Mr.  Matthew  is  entitled:  ''How  is 
the  Oambrian  divided? — A  plea  for  the  classification  of  Salter  and 
Hicks."  ^  He  institutes  comparisons  of  the  strata  in  Wales,  Newfound- 
land, and  Norway,  and  of  the  characteristic  trilobitic  genera  of  each 
horizon.  From  the  results  obtained  by  these  comparisons  he  considers 
that  the  Cambrian  is  to  be  divided  into  the  Upper  and  Lower,  and  that 
the  method  proposed  by  Mr.  C  D.  Walcott,  of  separating  the  Olenellus 
or  Ix)wer  Cambrian  from  the  Paradoxides  or  Upper  Cambrian,  is  not 
juHtitied  by  the  evidence  afforded  by  the  American  and  Euioxieau  sec* 
tious. 

METHODS  OF  OORRBLATION. 

I.  Superposition. 
II.  Organic  Hemains. 

III.  Lithelogic  Characters* 

IV.  Unconformity, 
y.  Miscellaneous. 

I.  SUPBRPOSmON. 

(a)  The  order  of  superposition  of  strata  is  the  foundation  of  geologic 
chronology.  By  its  aid  tbe  stratigraphic  succession  and  serial  relations 
of  the  iossil  faunas  are  first  determined.  Undisturbed  superposition 
within  a  section  is  an  absolute  test  of  relative  age  of  the  parts  of  that 
section ;  it  is  not  positive  evidence  of  the  age  of  the  various  beds  in 
relation  to  beds  sustaining  the  same  serial  relations  in  some  discon- 
nected section  without  otlier  tests  to  support  it,  even  though  they 
occur  in  the  same  geologic  province :  e.  g.,  a  band  of  sandstone  beneath 
a  limestone  and  above  a  shale  may  be  identified  in  one  portion  of  a 
geologic  province;  but  the  occurrence  of  a  band  of  sandstone  beneath 
a  limestone  and  above  a  shale,  in  a  distant  portion  of  the  same  province, 
is  not  positive  evidence  that  the  two  bands  of  sandstone  are  synchro- 
nous or  portions  of  one  continuous  formation,  unless  their  continuity 
can  be  traced. 

{b)  Superposition  is  not  a  test  of  identity  of  formation  except  in  a 
limited  basin,  where  the  geologist  has  evidence  to  show  that  the  forma- 
tion is  practically  continuous  in  its  stratigraphic  relations.  In  widely 
separated  portions  of  the  same  basin,  or  of  different  basins,  the  order 
of  superposition  must  be  sustained  by  other  tests  before  it  can  be  as- 
serted positively  that  the  formations  thus  correlated  are  identical. 

(c)  In  the  same  geographic  or  geologic  province,  fresh- water  and 
marine  deposits  are   not  to  be  correlated  with  each  other,  even  if  they 


•Am.  Geologist,  vol.  4, 1880,  pp.  139-lift. 
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have  tbo  same  onlcr  of  superposition,  as  the  conditions  nnder  which 
they  were  accamnlat'ed  are  entirely  dissimihir,  and  the  proof  of  the 
contemporaneity  of  deposition  is  not  available.  An  exception  to  this 
may  occur  where  a  stream  passes  throagh  a  lake  and  carries  the  fauna 
and  flora  to  the  sea,  where  it  is  mingled  with  the  marine  faana. 

U.  ORQANIC  RKMAIN8. 

There  are  several  considerations  always  to  be  borne  in  mind  in  corre- 
lating a  formation  on  the  evidence  of  its  contained  organic  remains : 

(a)  There  can  bo  no  scientific  or  systematic  paleontology  without  a 
strati^niphical  basis.' 

(b)  The  method  of  correlation  by  the  comparison  of  fossils;  or,  as  it 
has  been  called,  ^<  matching,"  is  the  one  that  affords  the  best  resalts. 
It  includes  the  comparison  of  species,  genera,  families,  and  the  general 
facies  of  a  fauna.  It  is  the  basis  of  paleontologic  correlation  and  geo- 
logic chiHsification  of  the  sedimentary  rocks,  with  the  exception  of  the 
stratigraphic  and  iithologic  correlation  of  local  formations. 

(c)  In  nearly  every  section  of  strata  there  are  considerable  thick- 
nesses of  beds,  in  whicTi,  no  fossils  are  to  be  found.  These  beds  occur 
in  nearly  every  formation.  The  record  of  life,  during  these  uonfossil- 
iferous  periods  of  sedimentation,  is  broken. 

(d)  Many  fossils  have  a  great  vertical  range;  and  the  occurrence  of 
a  few  sjiecies  of  this  character  without  the  presence  of  species  of  known 
limited  range  can  not  be  taken  for  the  identification  of  any  particular 
formation.  If  the  laws  of  constancy  and  variation  of  the  wide-ranging 
and  long  enduring  species  are  known,  it  may  be  possible  to  use  them  iu 
the  correlation  of  minor  formations,  and  thus  create  an  exception  to 
the  general  rule. 

(e)  All  paleontologic  reasoning  is  based  upon  known  data.  By  the 
discovery  of  a  new  grouping  of  fossils,  or  a  different  range  of  known 
species,  the  identification  of  horizons  may  be  materially  modified. 

(/)  In  correlating  a  formation  it  is  necessary  to  exercise  caution  be- 
fore deciding  that  the  contained  fossils  belong  to  any  specified  zone  of 
the  fauna  characterizing  a  terrane  or  group  of  formations,  and  thus 
locating  the  exact  stratigraphic  horizon  of  the  formation.  A  fauna 
may  vary  in  its  constituent  parts  and  afford  different  groupings  of 
species  in  localities  not  far  distant. 

{g)  All  correlations  between  widely  separated  provinces  are  based 
upon  the  general  and  not  upon  the  specific  character  of  the  fauna;  i.  e., 
it  is  the  general  assemblage  of  a  fauna  in  one  basin  that  is  compared 
with  that  in  another  basin. 

Within  limited  areas  the  comparison  of  species  and  the  grouping 
of  species  sufiice  to  determine  some  particular  horizon  or  formation. 
In  widely  separated  parts  of  the  same  area  or  province  there  will 

'Hall,  James.    On  the  Primordial  fauna  and  Point  Levi  fossila.    Am.  Joar.  Sci.,  2d  aer.,  vol.  31, 
IMl,  p.  224. 
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be  a  greater  difference  in  the  species,  and  the  general  or  the  spe- 
ci6c  grouping  of  the  genera  will  have  to  bo  taken  as  the  data  for  com- 
parison. In  separate  provinces  the  species  may  be  the  same  in  some 
instiinces;  but  it  is  by  the  comparison  of  representative  species  and 
genera  that  the  corielatious  are  to  be  made.  In  provinces  separated 
by  great  distances,  or  upon  two  continents,  the  general  assembhige  of 
the  characters  of  the  two  faunas  are  to  be  compared.  It  may  be 
accepted  as  a  general  rule  that  the  more  detailed  the  comparisons  are 
the  more  restricted  is  the  area  in  which  specific  results  are  of  value. 
The  results,  however,  may  be  of  the  highest  value  in  strengthening  a 
correlation  based  upon  representative  types.  The  exception  to  this  is 
the  occurrence  of  similar  life  zones  in  widely  separated  regions. 

(h)  Zoologic  provinces  have  been  more  or  less  limited  in  area  from 
the  beginning  of  Paleozoic  time.  This  is  shown  by  the  character  and 
distribution  of  the  earlier  Cambrian  fauna.  The  provinces  were  as  dis- 
tinctly marked  then  as  at  any  time  during  the  deposition  of  the  Pale- 
ozoic 

(t)  Many  of  the  earlier  zoologists  and  paleontologists  prior  to  the 
period  of  Darwin  studied  the  strata  and  the  contained  fauua  with  the 
view  that  eiich  group  of  species  had  a  greater  or  less  distribution  and 
were  then  suddenly'  exterminated,  a  newly  created  fauna  taking  its 
place.  This  enabled  them  to  correlate  their  formations  with  great 
accuracy,  an<l  to  differentiate  them  upon  the  evidence  offered  by  the 
occurence  of  a  ver\'  few  species.  ♦ 

{j)  The  environment  or  condition  under  which  the  faunas  lived  and 
were  deposited  is  also  to  be  noted.  Whether  they  were  littoral  or 
pelagic,  whether  they  lived  in  cold  or  warm  water,  upon  a  sandy  or  a 
muddy  bottom,  in  salt  or  in  fresh  water,  are  all  considerations  which 
must  be  taken  into  account  in  discussing  their  value  as  factors  in  cor- 
relation. 

{k)  The  presence  of  recurrent  faunas  in  strata  lithologically  similar 
may  give  rise  to  imperfect  and  erroneous  correlations.  This  is  not 
liable  to  occur  except  in  a  limited  geologic  basin,  where  the  conditions 
of  sedimentation  were  uniform  over  large  areas,  and  the  environment 
of  the  fauna  such  that  it  continued,  under  favorable  conditions,  in  some 
portions  of  the  basin,  and  occupied  other  portions  intermittently,  as 
the  varying  phases  of  sedimentation  were  favorable  or  inimical  to  its 
distribution. 

(l)  The  relative  age,  serial  relation,  or  homotaxis  of  sedimentary 
formations  is  best  determined  by  the  marine  faunas,  as  the  conditions 
under  which  they  lived  and  were  deposited  were  much  more  uniform 
than  those  surrounding  the  terrestri-.il  fauna  and  flora. 

The  evidence  furnished  by  paleobotany  is  fragmentary,  and  its  se- 
quence is  so  interrupted  by  nondeposition  and  noui)rescrvation  that 
no  com]>arisons  of  great  value  have  been  established  by  its  aid.  What 
is  true  of  paleobotauy  is  also  true,  to  a  less  extent,  of  terrestrial  faauaa^ 
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It  IS  only  b3'  acciilent  and  throagh  peculiarly  favorable  conditions  that 
laud  faunas  have  been  preserved.  Willi  the  marine  faunas  on  the  con- 
trary the  opi)ortuuitie8  for  the  preservation  of  the  fauna  of  each  epocLi 
were  far  greater,  and  the  conditions  of  environment  were  more  favorable 
for  the  uniform  advancement  and  evolution  of  life  over  extended  areas. 
Life-zones, — The  proof  of  the  presence  of  life-zones  in  the  geologic 
series  is  one  of  groat  importance  in  correlation.  The  subject  has  been 
so  ably  presented  by  Prof.  H.  A.  Nicholson  that  I  will  quote  it  in  full 
in  preference  to  giving  a  synopsis  of  it  or  to  presenting  ray  own  views, 
which  accord  essentially  with  those  of  the  author.    He  says: 

While  each  geological  rock-syHtera  is  characterized  by  a  general  assemblage  of  clin- 
tinctive  types  of  auinials  and  plants,  the  minor  subdivisions  of  each  system  are  like- 
wise distinguislied  by  the  prevalence  of  particular  forms  of  life.  There  are  no  doubt 
cases  in  which  an  extensive  series  of  successive  strata  may  appear  to  be  characterized 
throughout  by  essentially  the  same  organic  types,  there  being  apparently  no  restric- 
tiou  of  special  fossils  to  specinl  horizons  in  the  series.  In  so  far  as  such  cases  have 
any  real  existence,  they  may  be  explained  as  instances  in  which  a  great  series  of  sedi- 
nioiits  has  been  accumulated  with  such  rapidity  that  there  has  been  no  time  for 
marked  biological  changes,  resi^lting  in  the  dying  out  of  old  species  and  the  intro- 
duction of  new  forms.  In  many  cases,  however,  the  apparent  diffusion  of  the  same 
kinds  of  fossils  from  the  base  to  the  summit  of  a  series  of  beds  perhaps  two  or  three 
thousand  feet  in  thickness  is  due  simply  to  the  fact  that  the  organic  remains  met 
with  in  the  formation  have  not  been  snfBoiently  investigated  and  that  the  exact 
horizon  at  which  each  occura  in  the  series  has  not  been  accurately  determined.  The 
deter  in  i  nation  of  the  horizons  of  particular  life-forms  is  a  work  of  time  and  demands 
both  great  strati  graphical  knowledge  and  also  a  wide  and  accurate  acquaintance 
with  the  characters  of  the  fossils  themselves,  two  requirements  rarely  fulfilled  in  the 
same  individual. 

In  a  considerable  number  of  cases,  however, -it  has  now  been  shown  that  the  fossils 
of  a  given  formation  may  be  divided  into  two  principal  groups.  In  the  one  group  is 
comprised  a  series  of  common  forms  of  life,  which  may  be  regarded  as  characterizing 
the  formation  as  a  whole.  In  the  other  group  are  included  certain  special  fossils  con- 
fined to  particular  part«  of  the  formation  and  characteristic  of  certain  definite  ^*t- 
gons  or  zoneSf  within  the  limits  of  the  formation.  All  the  great  formations  are  trO  some 
extent  capable  of  being  broken  np  into  minor  rock- groups,  characterized  by  special 
lire-forms.  Some  of  the  differences  in  the  kinds  of  fossils  found  in  different  part-s  of 
the  same  formation  must,  of  course,  be  simply  set  down  to  the  fact  that  different 
kinds  of  sediment  imply  changed  conditions  in  the  sea,  and  hence  changes  in  tht^ 
marine  fauna.  If,  for  example,  part  of  a  formation  consisted  of  limestone  and  part  of 
sandstone,  we  should  expect,  beforehand,  to  find  that  each  of  these  rock-groups  would 
have  some  fossils  not  found  in  the  other,  since  the  two  would  have  been  formed  atider 
different  conditions.  Apart,  however,  from  difierences  arising  from  causes  of  this 
nature,  we  meet  with  cases  in  which  a  formation,  even  if  essentially  homogeneous iu 
its  mineral  nature,  can  be  divided  into  zoneSf  each  of  which  is  characterized  by  the 
possession  of  special  groups  of  fossils.  Organisms  belonging  to  any  class  of  animals 
may  serve  in  this  way  as  test  forms  ('*  Leit-Fossilien  ")  for  special  horizons  in  a  series 
of  stratified  formations,  but  there  are  paiticular  groups  of  fossils  which  have  been 
found  to  be  preeminently  available  for  this  purjiose.  Among  the  older  rocks  of  the 
earth's  cmst,  the  forms  which  have  proved  specially  valuable  for  the  determination 
of  particular  **  zones"  are  the  Graptolites,  the  Trilobites,  and  the  Brachiopods,  while 
the  Cephalopods  have  been  found  to  afi'ord  the  most  satisfactory  tests  in  the  case  of 
the  iSeeondury  rocks.  A  well  known  instance  of  this  subdivision  of  a  system  of  strata 
by  means  of  special  types  of  fossils  is  that  afforded  by  the  Ordovician  and  Silurian 
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rocks  df  Europe,  in  wbich  paleontologists,  following  Professor  Lap wortb,  hare  recog- 
nized Diiuierous  well  marked  *Mife-zoiie8,''  characterized  for  the  most  part  by  the 
possession  of  particular  types  of  Graptolites,  though,  in  some  cases,  the  distinctive 
fossils  belong  to  other  groups  Another  well  known  example  of  the  same  phenome- 
non is  afforded  by  the  Jnrasdic  depobits.  These  have  been  shown  to  contain  a  num- 
ber of  well  marked  zones,  each  of  which  is  characterized  by  the  possession  of  some 
special  fossils,  and  particularly  by  some  special  Ammonite.  These  zones  arc  extremely 
constant  in  any  particular  region,  and  they  enable  the  observer  to  effect  a  diviHion  of 
the  formation  into  special  horizons,  which  have  no  stratigraphical  existence  and  are 
not  separated  Viy  any  physical  break,  but  are  of  the  utmost  paleontological  impor- 
tance and  can  be  rendered  readily  available  in  working  out  the  stratigraphy  of  any 
given  area. 

Certain  life- zones  appear  to  have  nothing  more  than  a  local  development  and  im- 
portance, but  in  other  cases  they  have  proved  to  bo  ast-onishiugly  constant  even  over 
very  large  areas.  Perhaps  the  most  remarkable  known  instance  of  the  extension  of 
particular  life-forms  over  a  vast  area  is  that  afforded  by  the  Arenig  rocks  (a  subdivi- 
sion of  the  Ordovician  syst«m),  which  have  been  recognized  as  oocurnug  in  Europe, 
in  Canada,  and  in  Australia,  and  contain  iu  all  these  widely  remote  areas  the  same 
pecnliar  types  of  Graptol  ites. 

The  priucipal  diCBculty  that  we  have  to  confront  in  dealing  with  these  "  zones''  is 
to  produce  any  plausible  explanation  accounting  for  the  destruction  of  the  special 
life-forms  of  the  one  zone  and  the  appearance  of  those  of  the  next  zone.  For  the  most 
part,  these  zones  are  of  very  limited  vertical  extent,  and  they  succeed  each  other  in 
such  a  manner  as  totally  to  preclude  the  idea  that  the  dying  out  of  the  old  forms  can 
have  been  iu  any  way  caused  by  a  pbysical  disturbance  of  the  area.  Perhaps  the 
most  probable  view  to  adopt  in  the  meanwhile  is  that  the  formations  iu  which  dis- 
tinct and  Hunted  life-zones  can  be  recognized  were  d«'po6ited  with  extreme  slowness, 
whercns  those  which  show  an  essentially  compact  and  homogeneous  fauna  from  base 
to  summit  were  deposited  with  comparative  rapidity.  Upon  this  view,  a  formation 
like  the  Lius  is  one  formed  by  a  process  of  very  slow  and  intermittent  sedimentation, 
the  life-zones  bidng  separated  by  intervals  dnring  which  sedimentation  must  have 
been  at  a  standstill,  but  which  were  long  enough  to  allow  more  or  less  considerable 
biological  changes,  some  forms  dying  out  or  becoming  modified  whileother  new  ones 
came  in.  Upon  this  view,  further,  a  formation  like  the  Lias,  though  of  compara- 
tively small  vertical  extent,  may  represent  as  long  a  period  of  time  as  the  whole  of 
such  a  great  formation  as  the  Lower  Carboniferous,  which  appears  to  have  been 
formed  under  conditions  of  comparatively  rapid  sedimentation.^ 

Life- zones  have  been  deterntined  in  the  Middle  Cambrian  or  Para^ 
doxides  terrane  of  Sweden,  Wales,  New  BriinHwick,  and  Newfoundland 
or  the  Atlantic  Basin  Province.  In  a  broader  range  the  genera  Ole- 
nellns,  Paradoxides,  and  Dikelooephalus  are  considered  typical  of  the 
three  primary  zones  or  divisions  of  the  Oambrian  group.  They  are  of 
unequal  value  aud  decrease  in  precision  from  tbe  older  to  the  later 
faunas.  The  genus  Oleneltus  has  a  wide  distribution  iu  western  Eu- 
rope and  North  America,  while  Pnnuloxides  is  more  limited  in  Amer- 
lea,  and  the  true  Dikelocephalus  probably  has  a  still  smaller  geo- 
gniphic  range. 

Stage  of  evolution, — The  evolution  of  organic  life  is  a  factor  in  corre- 
lation that  has  been  as8nmiij<^  some  importance  within  the  last  few 
years.    To  be  of  practical  use  the  paleontologist  must  have  a  thorough. 


'Gknoral  Introdootion,  MmioaI  of  Paleontology,  by  H.  A.  NidioUon  and  B.  Lydokker,  voL  1,  18811; 
pp.  58-60. 
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nccnrato  knowlcfljfo,  of  the  speoies  and  their  life  history,  inchi'ling  that 
of  the  genus  and  family  to  which  they  belong.  Types  of  restricted 
range  and  short  dnr.ition  are  of  little  importance,  except  as  expressing 
the  stage  of  development  of  their  genus.  The  persistent,  long-endaring 
types,  that  range  from  formation  to  formation  aud  even  from  group  to 
group,  may  be  of  service  if  their  study  and  analysis  have  revealed 
characters  by  which  their  relative  stratigraphic  position,  in  a  given 
area,  may  be  determined.  The  evolution  of  genera  is  of  greater  value, 
and  the  analyses  of  the  development  of  specific  types  within  them  may 
be  used  in  the  identification  of  horizons. 

Extended  to  groups  of  genera,  families,  or  orders,  correlation  by  tlie 
known  evolution  of  the  faunas  may  be  used  in  a  general  way.  In  the 
presence  of  other  reliable  data  it  is  of  relatively  small  value.  Only  in 
instances  where  there  are  no  other  data  that  can  be  made  available  will 
it  be  really  of  practical  service  to  the  geologist. 

Even  under  the  best  conditions  and  circumstances  great  care  must 
be  used,  owing  to  the  varying  conditions  caused  by  environment  and 
the  unequal  evolution  of  organisms  in  diit'erent  geographic  areas  or 
basins.  I  do  not  wish  to  ipply  that  this  method  of  correlation  shodld 
be  entirely  overlooked  or  dismissed  in  the  presence  of  more  reliable 
data.  It  can  be  used  in  connection  with  other  methods  in  correlating 
any  formation  or  group  of  formations,  but  only  in  extreme  cases  should 
it  be  considered  the  only  factor.  When  used,  the  result  obtained  can 
be  considered  as  little  more  than  provisional. 

Life  history. — A  careful  study  of  the  life  history  of  the  various  ele- 
ments of  the  faunas  promises  to  yield  data  that  may  be  important  in 
correlation.  An  illustration  of  this  is  afforded  by  Prof.  H.  S.  Williams's 
study  of  Spirifera  Iwvis,^  This  is  a  type  that  is  represented  by  various 
forms  from  the  Niagara  limestone  of  the  Silurian  to  the  summit  of  the 
Devonian,  that  are  evidently  descended  one  from  the  other,  although 
they  have  been  described  under  several  specilic  names.  At  each  ho- 
rizon the  variation  from  the  initial  form  serves  to  locate  its  stratigraphic 
horizon  and  thus  its  relative  age  and  position  in  space  and  time.  The 
tracing  of  the  migration  of  forms  from  one  area  to  another  and  the 
changes  produced  upon  them  during  this  migration  are  to  be  take.i 
into  consideration.  The  theory  of  Prof.  Alpheus  Uyatt,*  that  there  is 
a  cycle  of  forms  in  the  geologic  series  aud  a  corresponding  c^'cleof  varia- 
tion in  the  species  of  that  series  and  in  the  individuals  of  any  one  spe- 
cies, may  lead  to  practical  results.  lie  tinds  it  to  prevail  very  exten- 
sively in  the  Cephaloi)oda,  aud  it  will  undoubtedly  be  found  to  apply 
to  all  the  other  zoologic  groups.  The  conclusions  obtained  will  be  more 
or  less  marred  by  the  imi)crfectioiis  of  the  geologic  aud  life  record,  but 
I  look  forward  to  the  time  in  the  future  when  minute  biologic  studies 


•  The  Life  History  of  Spirifer  Irovis,  HaJl.    Ami.  N.  Y.  Acad.  ScieDcea,  vol.  2, 1881,  pp.  140-160,  pi.  xir. 
'Geuera  of  Fonml  ClephiUopodH.    Prt>c.  Boot  on  Soc.  Nat.  Hist.,  vol.  22,  1883,  pp.  253-265.    Also,  many 
otber  papera  by  Proteaaor  Hyatt,  referiin^  to  aud  describing  the  Cephalopoda. 
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of  the  fiinnas,  in  coDoection  with  a  carefal  study  of  the  sedimentation 
and  stratigraphy,  will  make  oar  present  methods  appear  to  have  been 
lacking  in  scientific  precision. 

Contemporaneity  and  Somotaxis. — When  it  was  once  ostabh'shcd  that 
a  certain  order  of  succession  of  fossils  occurred  in  Europe,  it  was  con- 
cluded that  identical  or  similar  assemblages  of  organisms  would  be 
fouud  to  prevail  elsCTwhere  over  the  earth  ;  and.  tiiat  the  geographic 
distribution  of  each  successive  fauna  was  world-wide,  each  fauna  being 
a  new  creation.  The  present  view  is,  that  the  chronologic  succession 
of  the  fauna  is  local,  as  proved  by  the  existence  of  zoologic  provinces, 
and  that  each  fauna  is  descendant  from  some  preexisting  fauna.  This' 
result  is  modified  for  each  province  by  the  migration  of  faunas  and 
portions  of  faunas  from  province  to  province.  Notwithstanding  the 
various  elements  that  infiuenced  the  evolution  of  the  faunas,  it  is  found 
that  the  general  succession  of  species  and  faunas  is  in  the  aggregate  the 
same  all  over  the  world,  however  much  it  may  have  been  broken,  ad- 
vanced, or  retarded  in  certain  areas  in  ancient  or  relatively  recent 
geologic  time. 

Prof.  Huxley,  when  introducing  the  term  ''  Hoinotaxis,"  said: 

Edward  Forlies  was  in  the  habit  of  asserting  that  the  similarity  of  the  organic  con- 
tents  of  distant  formations  was  prima  facie  evidence,  not  of  their  similarity,  but  of 
their  difference  of  age ;  and  holding  as  he  did  the  doctrine  of  single  specific  centers, 
the  conclusion  was  as  legitimate  as  any  other;  for  the  two  districts  must  have  been 
occnpied  by  migration  from  one  of  the  two,  or  from  an  intermediate  spot,  and  the 
chances  against  exact  coincidence  of  migration  and  of  imbedding  are  infinite. 

In  pomt  of  fact,  however,  whether  the  hypothesis  of  single  or  ol  multiple  specific 
centers  be  adopted,  similarity  of  organic  contents  can  not  possibly  aifurd  any  proof 
of  the  synchrony  of  the  deposits  which  contain  them;  on  the  contrary,  it  is  demon- 
Btrably  compatible  with  the  lapse  of  the  most  prodigious  intervals  of  time,  and  with 
interposition  of  vast  changes  in  the  organic  and  inorganic  worlds,  between  the  epoclis 
in  which  such  deposits  were  formed.*     •     •     • 

There  seems,  then,  no  escape  from  the  admission  that  neither  physical  geology  nor 
paleontology  possctsses  any  method  by  which  the  absolute  synchrouism  of  two  strata 
can  be  demonstrated.  AU  that  geology  can  prove  is  local  order  of  succession.  It  is 
mathematically  certain  that,  in  any  given  vertical  linear  section  of  an  undisturbed 
series  of  sedimentary  deposits,  the  bed  wliich  lies  lowest  is  the  oldest.  In  any  other 
vertical  linear  section  of  the  (utme  series,  of  course,  corresponding  beds  will  occur  in  a 
a  similar  order ;  but  however  great  may  be  the  probability,  no  man  can  say  with  abso- 
lute certainty  that  the  l^eds  in  the  two  sections  were  synchronously  deposited.  For 
areasof  moderate  extent,  it  is  doubtless  true  that  no  practical  evil  is  likely  to  result 
ftom  assuming  the  corresponding  beds  to  be  synchronous  or  strictly  contemporaneous  ; 
and  there  are  multitudes  of  accessory  circumstances  which  may  fully  justify  the 
assnmption  of  such  synchrony.  But  the  moment  the  geologist  has  to  deal  with  large 
areas  or  with  completely  separated  deposits,  theu  the  mischief  of  confounding  tbat 
''Homotaxis"  or  *' similarity  of  arrangement,"  which  can  be  demonstrated,  with 
'*  synchrony  "  or  "  identity  of  date,"  for  which  there  is  not  a  shadow  of  proof,  under 
the  one  common  term  of  contemporaneity  "  becomes  incalculable,  and  proves  the 
eonstaut  source  of  gratuitous  speculations.* 


'  Qaart  Jour.  Geol.  Soc.,  Loudon,  vol.  18,  1862,  p.  xlv. 
■Op. cit.,p.  xlvi. 
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III  thi.s  conuectiou  the  student  should  rend  Mr.  J.  E.  Marl's  paper  on 
Houiotaxis.^ 

Percentage  of  species. — This  method  of  paleontolo^ic  correlation  was 
employed  by  Sir  Charles  Lyell.  lie  found  a  certain  percentage  of 
S[)ecies  idetitical  with  living  forms  in  one  horizon,  the  Eocene;  a  larger 
percentage  in  the  Miocene,  and  a  still  larger  one  in  the  Pliocene.  He 
then  concluded  the  Eocene  roiirescnted  the  oldest  and  the  Pliocene  the 
latest  deposit.  He  thus  classified  the  formations  and  gave  an  indirect 
method  for  their  correlation  in  different  areas.  It  is  not  capable  of 
application  where  all  the  members  of  a  fauna  are  extinct. 

ni.  LITHOLOOIC  CHARACTKR. 

Lithologic  character  has  very  little  value  in  establishing  correlational 
when  comparing  formations  outside  of  limited  areas.  The  constituents 
of  a  rock  may  differ  in  their  chemical  and  mechanical  condition  in  a 
stratum  that  is  proved  by  other  evidences  to  be  continuous.  In  some 
instances  lithologic  characters  may  be  of  value,  especially  in  areas 
where  the  stratigraphic  sequence  of  the  beds  is  known  and  paleonto- 
logic  evidence  is  lacking.  Dr.  B.  D.  Irving  used  the  method  success- 
fully among  the  preOambrian  rocks  of  the  Lake  Superior  region,  and 
says  of  it: 

Its  valno  in  tracing  formations  from  point  to  point  can  hanlly  be  OYorestimated, 
being  as  great  aa  tbat  of  paleoutological  evidence  and,  in  my  jadgment,  of  mnch  tbe 
same  nature.  As  we  trace  formations  and  tbeir  minor  subdivisions  from  place  to 
place  we  must  of  course  constantly  cbeck  litbological  evidence  by  stratigrapby.  Aa 
we  pass  from  one  extremity  of  tbe  fiel4  to  tbe  otber,  cbanges  in  litbological  cbarao- 
ters  of  course  come  in,  and  tbese  cbanges  migbt  lead  to  unsafe  conclusions  were  we  to 
compare  stiatal  successions  too  distantly  removed  from  one  anotber;  bnt  wben  we 
work  from  point  to  point  sncb  cbanges  are  detected  as  tbey  gradually  appear,  and 
are  provided  for.* 

An  illustration  of  the  value  of  the  method  is  shown  by  the  correla- 
tions made  by  the  brothers  Roger's^  in  Virginia  and  Pennsylvania,  where 
they  correlated  the  quartzites,  shales,  and  limestones  by  their  litho- 
logic characters  along  an  extent  of  several  hundrc<l  miles.  When, 
however,  they  came  to  carry  this  correlation  without  that  area  of  sedi- 
mentation, the  inadequacy  of  the  method  is  shown  by  the  fact  they 
correlated  the  Lower  Cambrian  quartzite  with  the  Upper  Cambrian 
quartzite  about  the  Adirondacks  of  New  York.  A  still  more  striking 
illustration  of  erroneous  correlation  by  this  method  is  that  made  by 
Prof.  N.  H.  Wiuchell*  in  correlating,  as  members  of  one  formation,  the 

>  Proc.  Cambridfre  Phil.  Soc.,  vol.  6, 1887,  pp.  74-82. 

> Scveiitb  Aon.  Kep.  U.  S.  Geol.  Survey,  1885-'8C,  1888.  pp. 378, 370. 

'A  system  of  claHsifl  cation  and  nomenclatare  of  the  Paleozoic  rooks  of  the  United  States,  with  an 
acoooDt  of  their  diatiibuiioo,  more  particularly  in  the  Appalachian  mountain  chain.  Am.  Jour.  Sci., 
yol.  47, 1844,  p.  112. 

*  The  cry8talltno  rocks  of  Minnesota.     General  report  of  progress  made  in  the  study  of  their  fielil 
relations.    Statement  of  probloms  j  et  to  be  solved.    Oeol.  and  Hat  Hist.  Soivey  of  Minn.,  17th  Ana. 
Rep.  for  1884i,1889,p.49. 
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Ijowcr  Cambrian  qnartzite  of  the  western  slopes  of  the  Green  Moun- 
t^iins,  tbe  Upper  (Jambriaa  Potsdam  sandstone  of  New  York,  tbe  pro. 
(Jiinibrian  Slonx  quartzites  of  Minnesota,  the  pre- Cambrian  B.iniboo 
qnartzite  of  Wisconsin,  and  the  pre-Cambriau  qnartzite  of  the  Kevvec ' 
iMw:in  series  of  Lake  Superior. 

Tiilhdlogic  character  is  often  of  fj^reat  value  within  limited  areas  and 
where  the  formation  can  be  practically  traced  from  place  to  place.  As 
this  can  rarely  be  done,  it  is  best  to  seek  other  dat-a  and  to  combine 
with  the  litholog^ic,  the  stratigrapuic  and  paleontologicevidence,  if  itis 
lM)ssiblo  to  obUiiu  any. 

IV.  UNCONFOKMITT. 

Of  all  the  data  of  correlation  that  of  unconformity  of  the  formation 
correlated,  with  its  superjacent  or  subjacent  formation,  would  appear  at 
first  sii^ht  to  be  the  most  unreliable.  In  most  instances  it  is,  but  where 
combined  with  other  data  it  has  a  certain  value.  We  find  it  used  in  tbe 
cailiest  correlati«>ns  made  of  the  Potsdam  sandstone  of  New  York,  with 
the  basal  sandstone  all  along  the  Appalachian  Hange  south  through 
New  Jersey,  Pennsylvania,  Maryland,  Virginia,  Tennessee,  Georgia,  and 
Alabama.  It  is  also  used  in  the  correlations  made  between  the  Pots- 
dam sandstone  of  New  York  and  the  sandstone  of  the  south  shore  of 
Lake  Superior,  and  the  fossiliferous  sandstones  of  Wisconsin,  Iowa, 
and  Minnesota,  that  were  correlated  with  the  Potsdam  sandstone  by 
Messrs.  Owen,  Hall,  and  later  observers.  In  fact,  it  is  implied  in 
nearly  all  the  references  of  strata  to  the  Potsdam  hori/.ou  in  other  local- 
ties  than  that  of  the  typical  area  about  the  Adirondack  Mountains  of 
New  York.  It  was  not,  bowever,  until  tbe  appearance ^f  Prof.  R.  D.  Irv- 
ing's  essay  on  the  classification  of  the  earlier  Cambrian  and  pre-Cam- 
brian  formations  *  that  full  significance  was  given  to  tbe  value  of  un- 
conformities in  correlation. 

The  problem  is  presented  by  Dr.  Irving  as  follows : 

(1)  To  detoruiine  apoa  the  grander  diviaioDs  (groups)  to  be  ma  de  in  clasatfying  the 
rocktt  independently  of  their  relations  to  the  general  geological  column  ;  (2)  to  ex- 
tend these  divisions  to  other  portions  of  the  same  geological  basins;  and  (3)  to  cor- 
relate these  divisions  with  those  of  different  and  distant  geological  regions.  This  is 
the  problem  which  presents  itself  in  the  Lalce  Superior  region,  at  the  base  of  the 
Grand  Gallon  of  the  Colorado,  in  central  Texas,  Ne  wfonndland,  and  in  other  por- 
tions of  North  America. 

In  any  attempt  to  solve  such  a  problem  we  can  make  use  of  one  or  more  of  three 
kinds  of  characteristics  in  the  formations  involved,  viz :  (1)  their  paleontologiciil 
characteristics,  (2)  their  lithological  characteristics,  and  (3)  their  mutual  strootnral 
relatiune.' 

Under  the  third  title,  •' their  mutual  structural  relations, "  he  con- 
siders unconformity  as  a  basis  for  classification  ^discussing  the  general 
nature  and  siguificance  of  conformities  and  the  distinguishing  char- 
acters of  true  unconformities.     A  description  is  given  of  the  Potsdam- 


1  Seveutb  Add.  Bep.  U.  S.  Oool.  Sarv.,  1885>*8^  188ft. 
'Qp.  oiLf  p.  371.  *0p.  oiL,p.  B8^ 
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Haroiiian  unconformity  ou  the  north  shore  of  Lake  Huron,  the  Pots- 
dam-Keweeuaw  unconformity,  the  Laurentian-Hurouian  'unconformity 
and  otliern  of  the  Lake  Superior  region.  This  is  followed  by  a  section 
ou  the  use  of  unconformities  in  classification.^  In  this  the  use  of  un- 
conformities in  defining  tbe  grander  groups  of  strata  and  in  correlating 
the  formations  of  a  single  geologic  basin  are  discussed.  Under  the 
first,  he  says : 

Returning  to  oitr  problem  as  origin.illy  stated,  we  have  next  to  consider  bow  far 
n neon  formal  ics  may  be  made  use  of  iu  dofiuing  the  grander  groups  of  strata  in  a 
region  ia  which  tlie  succession  of  these  strata  has  been  deturmioed.  Further  argu- 
ment than  that  a'.ivaly  given  in  discussing  the  nature  and  kinds  of  unconformity  ia 
hardly  necessary  to  show  that  genuine  nnconforiuities,  indicative  of  great  lapses  of 
tinio  between  the  pt^riods  iy  which  the  strata  on  either  side  of  the  break  in  each 
case  were  respectively  made,  are  of  prime  vahie  and  importance  in  determining  the 
limits  of  the  grander  groups  of  the  geological  formations,  whatever  use  we  may 
make  of  pulooniological  and  lithologieal  characters  in  determining  subordinate 
di  viNions.  Such  structures  as  the  greater  ones  of  the  true  unconformities,  above  con- 
sideix'd,  indicate  hipses  of  time  great  enough  to  cover  extended  periods  of  mountain- 
making,  always  a  slow  process,  and  also  great  periods  of  denudation  or  exposure  to 
the  atmospheric  agencies.  It.  is  hardly  possible  for  us  to  compare  such  time  gaps 
with  the  time  necessary  for  the  formation  of  definite  thicknesses  of  strata,  bnt  the 
thicknesses  of  strata  corresponding  to  suob  breaks  must  surely  always  be  very  great. 

If  we  take  for  i!:!stance  the  gap  indicated  by  the  relations  of  the  Potsdam  sand- 
stone to  the  ancient  gneissic  formation  of  the  northwest,  as  above  illustrated,  by  a 
number  of  examples,  we  find  that  it  was  long  enough  to  cover  not  merely  one  period 
of  rock  alteration,  orographic  movi^mont,  and  land  surface  exposure,  but  three  sncli 
periods,  butwetui  which  were  times  long  enough  fortheaocumulationof  thicknesses  of 
strata  aggregating  over  60,000  feet,  a  thickness  exceeding  that  of  the  entire  Paleozoic 
series  in  its  greatest  development  in  the  Appalachian  region.  It  is  true  that  a  poi^ion 
of  this  r)0,000  feet  is  made  up  of  volcauic  matorials,  chiefly  lava  flows.  The  accumu- 
lation of  such  materials  may,  it  is  true,  have  been  more  rapid  than  is  the  case  with 
ordinary  fragmental  deposits  ;  bnt  the  accumulation  of  such  a  mass  of  eruptive 
material  must  have  occupied  at  least  a  considerable  lapse  of  time;  while  more  than 
oue-lialf  of  the  00,000  feet,  or  an  amount  approximating  the  maximum  Paleozoic  ac- 
cumulations in  the  Appalachian  region,  is  made  up  of  genuinedetrital  deposits.  When 
we  consider  (hat  in  addition  to  the  time  necessary  for  the  accumulation  of  this  mass 
of  sediment  there  intervened  between  the  Potsdam  and  the  gneisses  three  periods  of 
rock  alteration,  mountain-making,  and  complete  mountain  removal,  it  becomes  plaiu 
that  the  time  gap  indicated  by  this  unconformity  must  have  exceeded  the  entire  Paleo* 
zoic  era.  More  probably,  indeed,  it  equalled  all  later  geological  time.  Each  one  of 
the  three  unconformities  mentioned  mnst  of  course  have  reqni red  a  shorter  period 
than  this  greater  gap,  but  in  each  case  the  relations  of  the  several  formations  are 
such  as  to  indicate  periods  of  time  only  comparable  to  the  periods  necessary  for 
the  accumulation  of  one  of  the  great  geological  groups.* 

The  use  of  unconformities  in  correlating  the  formations  of  a  single 
geologic  basiiij  where  the  exposures  of  the  formations  are  not  continu- 
ous, is  illustrated  by  a  tabuhition  showing  the  general  succession  of 
formations  in  various  districts  from  the  northern  end  of  Lake  Huron  to 
Dakota  and  from  central  Wiscon.^in  to  the  north  shoreof  Lake  Superior. 
This  table  shows  that  in  various  localities  there  is  a  great  unconformity 

>  Op.  oit. ,  p.  433.  '  Op.  cit.,  pp.  438, 439. 
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belweeii  the  Lanreutian  and  the  Huroiiiau,  between  the  Hnronian  and 
the  Keweenawau,  where  the  two  series  of  rocks  are  present,  and  be- 
tween the  Kewceuawau  and  the  Cambrian  if  these  two  occur  iu  the  same 
area. 

He  next  takes  up  the  nse  of  nnconformities  in  establishing  general 
relations.     Under  this  heading  we  quote  as  follows : 

Having  establiahed  the  general  order  of  Hncceasion  and  the  grander  groups  of  the 
strata  for  a  given  geological  province,  the  question  which  arises  next  in  order  is  how 
to  correlate  those  divisions  with  those  of  other  geological  provinces,  and  moropartlo- 
nlarly  with  the  established  divisions  of  the  general  geological  column. 

It  will  t-iike  but  little  oon.sideration  of  the  causes  which  have  been  at  work  in  the 
production  of  such  uncon form i ties  im  have  been  above  cited  to  make  us  realize  that 
such  breaks  tis  these  must  be  widespread  in  their  intluence.  Great  uucouforuiities, 
in  whicli  the  strata  below  the  unconformity  have  beeu  subjected  to  folding,  mark 
periods  of  orographic  movements  which  will,  in  general,  have  beeu  extensive  some- 
what in  proportion  to  the  intensity  of  the  folding  process.' 

It  is  well  known,  indeed,  that  some  of  (he  greater  physical  breaks  in  the  strata  of 
one  continent  may  have  their  parallels  among  the  strata  of  another  continent.  The 
interruption  between  the  Paleozoic  and  the  Mesozoic  is  intercontinental,  if  not  world 
wide.  Equally  extensive  is  the  great  break  between  the  Mesozoic  and  the  Cenozoio. 
Each  of  these  physical  breaks  corresponds  to  an  immense  change  iu  life  conditions. 
But,  if  we  may  judge  from  structural  relations,  from  the  amount  of  intervening 
denudation,  and  from  the  rank  alreaily  attained  by  the  life  of  the  lowest  of  the  fossil- 
iferous  Cambrian  formations,  neither  of  these  great  breaks  corresponds  in  length  of 
time  interval  to  the  break  between  the  lowest  of  the  distinctly  fossiliferouB  forma- 
tions  and  the  youngest  of  those  beneath  it.* 

The  great  structural  breaks  furnish,  at  times  at  least,  a  more  trustworthy  guide. 
If,  for  instance,  we  make  a  comparison  of  the  .succession  of  Cambrian  and  pre- 
Cambrian  strata  iu  the  Lake  Superior  region  with  the  succession  revealed  in  the 
depths  of  the  Grand  Ca&ou  of  the  Colorado,  we  tind  some  singular  correspondences 
between  the  structural  breaks  of  the  two  successions.  In  each  one  of  these  regions 
the  Potsdam  sandstone  is  strongly  characterized  by  i^s  well  known  fauna.  In  each 
region  the  sandstone  traverses  ihe  edgi's  of  a  gently  bowed  but  deeply  denuded 
formation  composed  of  a  great  thickness  of  detrital  and  eruptive  materials.  Below 
these  formations  in  each  region,  and  separated  from  them  iu  each  case  by  one  of  the 
strongest  of  unconformities,  is  a  great  quartzitio  series,  while  below  this  series 
again  in  the  Lake  Superior  region,  and  separated  from  it  by  still  another  of  the  most 
notable  of  nnconformities,  is  the  great  Lanreutian  gneissic  series.  That  this  series 
also  exists  in  the  base  of  the  Grand  Caf\on  we  have  good  reason  to  believe; 

Such  a  striking  similarity  in  succession  as  this  certainly  most  strongly  suggests  the 
conclnsions  that  the  physical  brinks  of  the  two  regions  were  coincident  in  point  of 
time  (that  is,  that  the  mountain-making  movement  which  preceded  the  deposition 
of  the  Potsdam  sandstone  of  the  Lake  Superior  country  correspomled  with  that  which 
preceded  the  Touto  sandstone  of  the  Grand  CaHon  region)  ;  that  the  mountain-mak- 
ing periods  preceding  the  deposition  of  the  Grand  CaQon  series  of  the  Grand  Cafion 
district  and  of  the  Keweenaw  series  of  the  Lake  Superior  region  were  eqnally  syn. 
ohronous;  and,  finally,  that  the  Grand  CaQon  series  is,  in  general,  the  equivalent  of 
the  Keweenaw  series,  while  the  prc-Graud  CaGon  rocks  are  the  equivalent  of  the 
Lake  Superior  Huronian. 

Of  course  such  correlations  as  these  should  be  made,  for  the  present  at  least,  some- 
irhat  provisionally;  but,  on  the  other  hand,  they  must  be  taken  as  of  much  greater 
value  than  correlations  between  distant  forni.ttions  established  ou  feeble  fossil 
evidence.' 

>Op.cit,p.443.  •Op.cit..p.444.  sOp.cVVk,^*^^* 
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Tiio  qnestioii  is  asked,  is  tlio  term  Oaiiibriau  to  stop  at  the  firnt 
unconformity  below  the  Potsdam  sandstone!  Is  it  to  extend  to  tlte 
second  of  those  uucomfonnitics,  or  to  the  third  t  Or  is  it  to  iuclndey 
finally',  the  lowest  of  the  funnations  of  the  region! 

He  makes  the  following  reply  to  these  questions: 

All  these  usages  of  iho  term  have  been  made.    Id  taxouoniical  value  the  term  Cam- 
brian  is  dosigtieO,  of  conrse,  to  correspond  to  the  terms  Upper  Silurian,  Lower  SiUirian, 
Devonian,  CHrbonifcrous,  etc.,  which  terms  are  based  primarily  upon  the  j^eneral  con- 
tinnity  for  each  one  of  the  periods  to  whicli  they  correspond  of  similar  life  conditions. 
In  no  case,  however,  has  one  of  these  terms  been  allowed  to  span  any  such  unconform- 
able break  as  the  least  of  those  beneath  the  Potsdam  s;iudstone  of  the  Lake  Superior 
region.    Minor  breaks  in  the  succession  have  been  included  within  a  single  one  of 
these  geological  groups  because — although  in  every  ciise  of  a  physical  break,  even  the 
snmllost,  a  cor'^sponding  break  in  life- succession  is  found — lliere  have  been  found  on 
both  sides  of  the  break  fully  developed  faunas  of  general  similarity  in  cluiraclerH; 
but  DO  great  break  in  the  succe^ion  such  as  those  with  which  we  are  now  concerned 
has  ever  yet  been  found  to  be  spanned  by  a  continuity  of  forms.    The  conclusion, 
therefore,  seems  inevitable  that  wo  should  not  extend  the  term  Cambrian  over  any 
such  break,  at  least  until  there  shall  have  beon  found  closely  corresponding  faunas 
on  opiiosite  sides  of  the  interval.     Were  such  faunas  to  be  discovered  the  great ueas 
of  the  unrecorded  interval  would  still  remain,  and  we  should  have  indicated  only  a 
singularly  long  continuance  of  similar  life-conditions.    £veQ  then  the  question  might 
arise  as  to  whether  continuity  of  life-conditieus  should  outweigh  the  great  lapse  of 
time  indicated  by  the  physical  hiatus.' 

Finally  Dr.  Irving  states  that 

The  structural  breaks  called  unconformities  are  properly  used  in  classification — 

(1)  To  mark  the  houndai-ics  of  the  rock  groups  of  a  given  region, 

(2)  To  aid  in  eslablieking  correlations  between  the  formations  of  different  parts  of  a  «i»- 
gle  geological  basin. 

(3)  To  aid  in  the  eslablishment  of  correlations  between  the  groups  of  regions  distantly 
removed  from  one  another;  darcaution  is  needed  iu  attempting  such  correlations  iu 
proportion  as  the  distances  between  the  regions  compared  grow  greater. 

They  are  improperly  ignored : 

(1 )  IFhen  the  evidence  they  offer  as  to  separateness  is  allowed  to  be  overborne  by  anything 
but  the  most  complete  and  weighty  of  palcoutological  evidence.* 

V.   MISCELLANEOUS. 

Homogeny. — A  method  of  correlation  that  hai^  freqnontly  been  nsed 
has  recently  been  named  by  Mr.  VV  J  McGee  "  Homogeny  "  or  correla- 
tion by  commnuity  of  genesis.*    Mr.  McGee  defines  it  as  follows: 

The  method  of  correlatiou  devised  to  systematize  the  structure  of  the  Coastal  Plain 
combines  the  desirable  features  of  the  older  methods,  and  adds  thereto  the  interpre- 
tation of  the  products  of  the  several  iihysioal  processes  operating  upon  the  earth's 
exterior.* 

The  older  methods  mentioned  are  those  of  stratigraphic  continuity, 
lithologic  correlation  or  correhttiou  by  jietrography,  and  paleontologic 

>  Op.  cit.,  p.  446.  "Am.  Joar,  Scl.,  3d  ser., vol.  40.  1890,  pp.  3G-41. 
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correlation.  He  coDsiders  that  ^<  the  method  involves  a  yet  broader 
conspectas  of  phenomena  and  principles  than  the  paleontologic  method; 
for  in  its  application  it  is  necessary  mentally  to  restore  the  various 
physical  and  biotic  conditions  of  the  past,  just  as  paleontology  vivifies 
the  fossils  of  past  ages."    Again  :^ 

Id  discriminattDg  the  general  and  local  genetio  conditions  it  is  necessary  to  ascer- 
tain the  relations  hetween  each  formation  and  its  newer  and  older  neighbors,  and  to 
interpret  the  record  of  each  nnoonforniity  in  terms  of  continent  growth.  By  this 
means  the  different  parts  of  a  formation  may  be  fonud  to  represent  not  only  general 
community  of  genesis  bnt  community  of  beginning  and  ending;  in  short,  entire  com- 
munity of  structural  relation.  Each  part  of  the  formation  then  records  in  similar 
terms  the  same  episode  in  continent  building  and  world  growth. 

So,  when  a  coastal  plain  formation  is  found  to  represent  general  community  of 
genesis  and  strnctnral  relation  in  its  various  parts  it  is  considered  homogenic,  and 
accepted  as  ft  record  of  an  episode  in  geologic  history.  The  parts  may  or  may  not  be 
komotaxial ;  one  part  may  be  slightly  older  tbau  another  part;  but  in  a  general  way 
it  is  contemporaneous  throughout.  Homogeny  implies  not  only  equivalence  but 
synchrony. 

The  principles  of  homogenio  correlation  have  long  been  used  in  the 
correlations  of  formations  by  geologists.  An  illnstration  of  this  is  the 
csorrelations  that  have  been  made  of  the  Potsdam  sandstones  of  New 
York  with  those  of  the  Mississii)pi  Yalleyf  the  eastern  slope  of  the 
Bocky  Mountains,  the  islands  of  Texas  and  Missouri^  and  the  valley  of 
the  St.  Lawrence.  In  these  correlations  to  subjacent  and  superjacent 
formations,  stratigraphic  continuity,  lithologic  or  petrographic  resem- 
blance, and  similarity  of  organic  remains  have  all  been  used. 

Under  the  definition  of  homogeny,  that  is,  correlation  by  commnnity  of 
genesis,  decided  errors  must  necessarily  occur  unless  checked  by  paleon- 
tologic  data.  An  illustration  of  this  is  the  correlation  of  the  Potsdam 
sandstone  of  the  Adirondack  Mountains  of  New  York  with  the  *'  Granu- 
lar Quartz"  of  western  New  England  and  southeastern  Pennsylvania, 
and  the  Ghilhowee  sandstone  of  Tennessee.  These  sandstones  are  litho- 
logically  alike,  they  were  accumulated  along  a  coast  line,  their  petro- 
graphic characters  are  the  same,  and  the  action  of  the  waves  upon  and 
the  distribution  by  tidal  currents  of  the  sediments  originating  from 
similar  crystalline  rocks  all  point  to  a  community  of  origin ;  in  fact, 
they  did  originate  in  the  same  manner.  They  have  been  correlated 
upon  the  characters  mentioned  for  upwards  of  40  years,  but  the  study 
of  the  fossil  remains  shows  they  are  not  equivalent  or  synchronous. 
One  represents  the  basal  beds  of  the  Cambrian  system  and  Xhe  other 
the  Potsdam  sandstone  or  the  closing  deposits  of  Cambrian  time  in  the 
same  area.  I  think  that  after  we  have  fully  proven  to  our  satisfaction 
the  similarity  of  origin  or  the  community  of  genesis  we  must  still  rely 
upon  paloontologic  data  for  the  final  determination  of  geologic  equiva- 
lence. For  the  determination  of  synchrony,  except  in  a  limited  area, 
there  is  little  hope  for  satisfactory  conclusions  by  any  method  yet  de- 
vised. 
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Topographic  features  in  eorreHation. — Topographic  featares  may  indi- 
cate relative  geologic  age  in  the  diBcassion  of  the  later  formations ;  bnt 
in  dealing  with  the  Lower  PaleoEoic  it  has  thns  far  been  found  to  be 
impossible  to  obtain  the  evidence  of  newer  or  older  topographic  features 
that  are  of  valae*  Mr.  O.  K.  Gilbert  has  used  it  snccessftilly  in  discass- 
ing  the  age  of  the  Eqans  fauna  of  Lakes  Mono  and  Lahonton  of  Cali- 
fornia and  Nevada.* 

>n.aGML  8arT^,HoBognph,T«l.  1,1880^  pp.  8M-401 
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The  pnbUoations  of  the  United  Statee  Geologleal  Sarrey  tat  leaned  In  aeootdenee  with  the  stetnte 
■pprored  March  3, 1879,  which  deoUues  ihaC— 

**  The  publicatioue  of  the  Ckological  Surrey  shall  eonelet  of  the  annual  report  of  operations,  geological 
and  eoonomie  maps  iUnstratIng  the  rosonroes  and  classification  of  the  lands,  and  reports  upon  general 
and  eoonomlo  geology  and  pideontology.  The  annual  report  of  operations  of  the  Qeologioal  Survey 
•hall  accompany  the  annual  report  of  the  Secretary  of  the  Interior.  A|l  special  memoirs  and  reports 
of  said  Surrey  shall  be  issued  in  uniform  quarto  aeries  if  deemed  necessary  by  the  Director,  but  other* 
wise  in  ordinary  octayoa.  Three  thousand  copies  of  each  shall  be  published  for  scientific  exchanges 
and  for  sale  at  ttiepriee  of  publieation ;  and  all  literary  and  cartographic  materials  leoeiTcd  in  exchange 
shall  be  the  property  of  the  United  States  and  form  a  part  of  the  library  of  the  organization ;  and  the 
money  resulting  ttmn.  the  sale  ot  such  pnblloatlons  shall  be  covered  into  the  Treasury  of  the  United 
States." 

On  July  7, 1882,  the  following  Joint  resolution,  referring  to  all  OoTcmment  publications,  was  passed 
by  Congress: 

**  That  whenever  any  document  or  report  shall  be  ordered  printed  by  Congress,  there  shall  be  printed, 
in  addition  to  the  numlier  in  each  case  stated,  tho  'usual  number*  (1,900)  of  copies  for  binding  and 
distribution  among  those  entitled  to  receive  them." 

Kxcept  in  those  cases  in  which  an  extra  number  of  any  publication  has  been  supplied  to  the  Survey 
by  special  resolution  of  Congress  or  has  been  ordered  by  the  Secretary  of  the  Interior,  this  office  has 
no  eopiea  for  gratuitous  distribution. 

ANNUAL  BEPORTa 

• 
L  First  Annual  Heport  of  the  United  States  Geological  Survey,  by  Clarence  King.    1880.    8^.    79  pp. 
1  map — ^A  preliminary  report  describing  plan  of  organisation  and  publications. 

II.  Second  Annual  Report  of  the  United  States  Geological  Survey,  1880-'8l.  by  J.  W.  Powell.  1882. 
8^.    It,  S88  pp.    82  pi.    1  map. 

III.  Third  Annual  Report  of  the  United  SUtes  Geological  Survey.  1881-'82,  by  J.  W.  PowelL  1883. 
8°.    xviii,  564  pp.    87  pi.  Mid  maps. 

IV .  Fourth  Annual  Report  of  the  United  States  Geological  Survey,  1882-*83,  by  J.  W.  Powell.  1884. 
8°.    xxxlit  473  pp.    8ft  pL  and  maps. 

y.  Fifth  Annual  Report  of  the  United  SUtes  Geological  Survey.  l883-'84,  by  J.  W.  Powell.  1885. 
9P,   xxxvi,  469  pp.    68  pL  and  maps. 

VI.  Sixth  Annual  Report  of  the  United  States  Geological  Survey,  1884-'85,  by  J.  W.  Powell.  1885* 
8P.    xxlx,  570  pp.    66  pL  and  maps. 

y  It  Seventh  Annual  Report  of  the  United  Statea  Geological  Survey,  188&-'86,  by  J.  W.  PowelL  1888. 
8^.    XX,  656  pp.    71  pL  and  maps. 

yiU.  RIghth  Annual  Reportof  the  United  States  Geological  Survey,  1886-'87,  by  J.  W.  Powell.  1889. 
8^.    2v.    xix,  474,  xli  pp.    53  pL  and  maps;  1  p.  1.  475-1063  pp.    64-76-pL  and  maps. 

IX.  Ninth  Annual  Report  of  the  United  Statea  Geological  Survey,  1887- '88,  by  J.  W.  PowelL  1889. 
8^.    xiii,  717  pp.    88  pi.  and  maps. 

X.  Tenth  Annual  Report  of  the  United  States  Geological  Survey,  188a-'89,  by  J.  W.  Powell.  1890. 
8o.    2  V.    XV,  774  pp.    98  pL  and  maps;  viii,  123  pp. 

The  Eleventh  and  Twelfth  Annual  Reports  are  in  preas. 

MONOGRAPHS* 

L  Lake  Bonneville,  by  Grove  Karl  Gilbert.    1890.    4°.    xx,  438  pp.    51  pi.    1  map.    Price  $1.50. 

II.  Tertiary  History  of  tho  Grand  Ca&on  District,  with  atlas,  by  Clarences.  Dutton.  Capt.  U.  S.  A. 
1882.    40.    xiv,  264  pp.    42  pL  and  atbis  of  24  sheeU  folio.    Price  $10.00. 

III.  Geology  of  the  Comstock  Lode  and  the  Washoe  District,  with  atlas  by  George  F.  Becker.  1882. 
40.    XV.  422  pp.    7  pi.  and  atlas  of  21  sheets  folio.    Price  $11.00. 

ly.  Comstock  Mining  and  Miners,  by  JBiiot  Lord.    1883.    40,    xlv,  461pp.    8pL    Price  4LQA. 


n  ADVERTISEMENT. 

▼.  The  Copper-Bearing  Rocks  of  Lake  Superior,  by  Roland  Doer  Irving.  1883.  4®.  xri,  484  pp. 
16  L    29  pi.  and  maps.    Price  |1.8£.  \ 

YI.  ContribnUons  to  the  Knowledge  of  the  Older  Mososoio  Flora  of  Virginia,  by  William  Uorris 
Fontaine.    1883.    4o.    xU  144  pp.    54  L    64  pi.    Price  $1.06. 

Yn.  SQyer.Lead  DepoaiU  of  Eureka,  Nevada,  by  Joseph  Story  Cnrtie.  1884.  4o.  xUi,  200  pp.  16 
pL    Price  11.20. 

Ym.  Paleontology  of  the  Enreka  District,  by  Charles  Doolittle  Waloott  1S84.  49,  xUi,  298  pp. 
24  L    14  pi.    Price  $1.10. 

IX.  Braohiopodaand  LamellibranclUata  of  the  Raritan  Ciaye  and  Oreensand  Marls  of  New  Jersey, 
by  Robert  P.  Whitfield.    1886.    4°.    xz,  338  pp.    36  pi.    1  map.    Price  $1.16. 

X.  Dinocerata.  A  Monograph  of  an  Extinct  Order  of  Gigantic  Mammals,  by  Othniel  Charles  Manh. 
1886.    4P,    xvUi,943pp.    661.    56  pL    Price  $2.70. 

XL  Geological  History  of  Lake  Lahontan,  a  Qoatemary  Lake  of  Northwestern  Nevada,  by  Israel 
CookRnssell.    188&    40.   xiv,288pp.    46  pL  and  maps.    Price  $1.76. 

XIL  Chsology  and  Mining  Industry  of  Lead  ville,  Colorado,  with  atlas,  by  Samnel  Franklin  Emmons. 
1886.    40.    xxtx,  770  pp.    45  pL  and  atlas  of  35  sheeU  foUdk   Price  $8.40. 

XHL  Geology  of  the  QoioksUrer  DeposiU  of  the  Pacific  Slope,  with  atlas,  by  George  F.  Becker. 
188&    40.    xix,  486  pp.    7  pL  and  atlas  of  U  sheets  folio.    Price  12.00. 

XIY.  Fossil  Fishes  and  Fossil  Plants  of  the  Triasaic  Rooks  of  New  Jersey  and  the  Coonecticnt  Val- 
ley, by  John  S.  Nbwberry.    1888.    40.    xiv,  152  pp.    26  pi.    Price  $1.00. 

XV.  The  Potomac  or  Younger  Mesosoic  Flora,  by  William  Morris  Fontaine.  1886.  4^.  xiv,  877 
pp.    180  pi.    Text  and  plates  bound  separately.    Price  $2.60. 

XYI.  The  Paleoxoic  Flahes  of  North  America,  by  John  Strong  Newberry.  1888.  40.  340  pp.  53  pL 
Price  $L0O. 

In  press: 

XYIL  The  Flora  of  the  Dakota  Group,  a  posthumous  work,  by  Leo  Lesqnereux.  Edited  by  F.  H. 
Xnowlton.    40    400  pp.    66  pi. 

In  preparation: 

X  VIIL  Gastwopoda  and  Cephalopoda  of  the  Raritan  Clays  and  Greensand  Marls  of  New  Jersey, 
by  Robert  P.  Whitfield. 

—  The  Penokee  Iron-Bearing  Series  of  Northern  Wisconsin  and  Michigan,  by  Roland  D.  Irving  and 
CRVanHise. 

Molluscs  and  Crustacea  of  the  Miocene  Formations  of  New  Jeraey,  by  R.  P.  Whitfield. 

—  ecology  of  the  Eureka  Mining  District,  Nevada,  with  atlas,  by  Arnold  Hague. 

—  Sauropoda,  by  O.  C.  Marsh. 

—  Stegosanria,  by  O.  C.  Marsh. 
t~  Brontotherida,  by  O.  C.  Marsh. 

—  Report  on  the  Denver  Coal  Basin,  by  S.  F.  Hmmons. 

—  Report  on  Silver  Clifi'  and  Ten-Milo  Mining  Districts,  Colorado,  by  S.  F.  Emmona. 
-.  The  Glacial  Lake  Agassis,  by  Warren  Upham. 

BULLETINa 

1.  On  Hypersthene-Andesite  and  on  Tricllnic  Pj'roxene  in  Angitic  Rooks,  by  Whitman  Cross,  with  a 
Geological  Sketch  of  Buffalo  l*cak  h,  ( :oIorado,  by  S.  F.  Emmons.    1883.    8^.  42  pp.  2  pL  Price  10  cents. 

2.  Gold  and  Silver  Con  version  Tables,  giving  the  coining  values  of  troy  ounces  of  fine  metal,  etc.,  com- 
puted  by  Albert  Williams,  Jr.    1883.    9P.    8  pp.    Price  5  cents. 
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Depabtment  of  the  Intebiob, 
United  States  Geological  Subvey, 
Division  op  Geologio  Oobbelation, 

WaahingtoUj  J),  (7.,  April  1, 1891. 

Sib  :  I  have  the  honor  to  transmit  herewith  a  memoir  by  Dr.  Charles 
A.  White  on  the  Cretaceous  of  North  America,  prepared  for  pablica- 
tipn  as  a  balletin. 

The  Division  of  Geologic  Correlation  was  created  for  the  purpose  of 
summarizing  existing  knowledge  with  reference  to  the  geologic  forma- 
tions of  North  America,  and  especially  of  the  United  States;  of  dis- 
cussing the  correlation  of  formations  found  in  dilS'erent  parts  of  the 
country  with  one  another  and  with  formations  in  other  continents ;  and 
of  discussing  the  principles  of  geologic  correlation  in  the  light  of 
American  phenomena.  The  formations  of  each  geologic  period  were 
assigned  to  some  student  already  well  acquainted  with  them,  and  it 
was  arranged  that  he  should  expand  his  knowledge  by  study  of  the 
literature  and  by  field  examination  of  classic  localities,  and  embody  his 
results  in  an  essay.  The  general  plan  of  the  work  has  been  set  forth 
on  page  16  of  the  Ninth  Annual  Report  of  the  Survey,  and  on  pages 
108  to  113  of  the  Tenth  Annual  Beport,  jis  well  as  in  a  letter  of  trans- 
mittal of  Bulletin  No.  80. 

Two  of  the  essays  resulting  from  this  work  have  already  been  pre- 
sented. The  first,  by  Prof.  H.  S.  Williams,  pertains  to  the  formations 
of  the  Carboniferous  and  Devonian,  and  constitutes  Bulletin  No. 
80.  The  second,  by  Mr.  Charles  D.  Walcott,  pertains  to  the  formations 
of  the  Cambrian,  and  constitutes  Bulletin  No.  81.  The  present  essay  is 
the  third  of  the  series,  and  others  will  follow. 

Dr.  White  discusses  the  American  Cretaceous  formations  by  dis- 
tricts so  chosen  and  arranged  as  to  constitute  a  series,  and  through 
this  discussion  divides  the  formations  into  two  series,  which  he  calls 
Upper  Cretaceous  and  Lower  Cretaceous.  These  names  as  used  by 
him  have  a  purely  American  application  and  are  not  believed  to  coin- 
cide with  the  upper  and  lower  divisions  of  the  Earo^^Q&Ti  <3t^\»fiftA'^^« 
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• 

The  American  Cretaoeoas  as  a  whole  corresponds  in  general  to  the 
European  as  a  whole,  bat  it  is  impossible  to  recognize  in  America  the 
precise  eqnivalents  of  the  upper  and  lower  limits  of  the  Enropean 
Oretaceons. 

Very  respectfully,  your  obedient  servant, 

O.  K.  OiLBSBTy 

Geologist  in  Charge, 
Hon.  J.  W.  Powell, 

Director  U.  8.  Oeological  Surf>eif. 


OUTLINE  OF  THIS  PAPER. 


The  pTimary  object  of  this  bulletin  is  the  preeentation  of  a  snmmary  of  our  present 
knowledge  of  the  North  American  Cretaceona  and  a  discnBsion  of  the  Bystem  ae  it  is 
developed  on  this  continent,  discnaeion  of  or  direct  reference  to  the  details  of  the 
system  as  it  is  develofied  in  other  parts  of  the  world  beiniir  omitted. 

Among  the  subjects  treated  of  are  the  areal  distribntion  of  Cretaceous  deposits,  the 
recognition  and  correlation  of  the  various  formations  which  have  by  any  author  been 
published  as  belonging  to  this  system,  the  partial  rectification  of  the  scale  of  Creta- 
ceous formations  as  hitherto  recognized,  the  characterization  and  delimitation  of 
the. now  recognized  formations  and  of  the  larger  subdivisions  of  the  system,  and  a 
discussion  of  its  delimitation  as  a  whole  with  reference  to  the  formations  which 
represent  the  next  preceding  and  succeeding  systems. 

Preliminary  to  the  principal  discussions  the  bulletin  contiiins  a  general  statement 
of  its  object  and  plan,  a  historical  sketch  of  the  work  that  has  been  done  with  refer- 
ence to  the  North  American  Cretaceous,  an  annotated  list  of  the  principal  published 
works  relating  to  the  general  subject  in  hand,  and  a  discussion  of  the  principles  of 
correlation  and  taxonomy. 

In  the  latter  discussions  the  position  is  taken  that  while  the  Earopean  geological 
systems,  as  such,  are  more  or  less  distinctly  recognizable  in  different  parts  of  the 
world,  it  has  not  yet  been  practicable  satisfactorily  to  recognize  their  subdivisions 
beyond  comparatively  restricted  geographical  limits.  It  is  therefore  assumed  that 
any  attempt  to  correlate  the  subdivisions  of  the  North  American  Cretaceous  with 
those  of  the  system  as  developed  in  Europe  ought  to  follow,  not  precede,  a  thorough 
investigation  of  the  former  and  perhaps  also  a  partial  revision  of  the  general  scale 
now  in  use. 

It  is  shown  that  large  portions  of  the  continent  are  occupied  by  formations  older 
than  the  Cretaceous  and  that  therefore  no  strata  referable  to  that  system  occur  there. 
Those  portions  of  the  continent  within  which  Cretaceous  formations  have  been  sys- 
tematically studied  are  divided  into  seven  regions,  the  outlines  of  which  are  shown 
on  a  small  two-page  map,  and  under  the  head  of  each  of  which  regions  its  formations 
are  severally  discussed.  The  Cretaceous  deposits  which  occur  in  other  parts  of  the 
continent,  and  concerning  which  less  is  kno¥m,  are  briefly  discussed  under  the  head 
of  Extra-regional  districts. 

These  discussions  include  not  only  those  deposits  which  all  writers  agree  in  refer- 
ring to  the  Cretaceous  system,  but  also  those  occurring  at  its  base  and  top,  respec- 
tively, which  may  be  regarded  as  transitional  in  character,  or  concerning  the  Cretaceona 
age  of  which  geological  writers  have  differed. 

Two  great  divisions  of  the  Cretaceous  system  are  recognized  for  North  America, 
which  are  called  Upper  and  Liower  Cretaceous,  respectively.  The  separateness  of 
these  divisions  from  each  other  is  recognized  by  means  of  evidence  inherent  in  each, 
and  without  regard  to  their  close  agreement  or  disagreement  with  the  Upper  and 
Lower  Cretaceous  of  Europe. 

At  the  close  of  the  discussions  under  the  head  of  each  region  a  table  of  its  Cretaceous 
formations  is  given  and  compared  with  similar  tables  of  the  formations  of  ad|aoetLt 
regions.    Following  these  discussions  a  series  of  nineteen  ta\Aea  i^'^x^tt^TLX^i^x  \>ol^ 

\\ 
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pnrposeof  syDoptioally  represent  iDg  the  correlation  of  the  Cretaceona  formations  of 
the  continent.  Eacii  table  represents  one  of  the  principal  sections  which  occnr  in 
different  parts  of  the  continent,  and  which  have  been  published  by  different  authors. 
At  the  side  of  each  table  is  a  uniform  gradultted  scale  which  theoretically  represents 
the  full  range  of  Cretaceous  time.  Opposite  this  scale  are  placed  those  spaces  of 
the  table  which  represent  the  respective  formations  of  the  section,  the  position  of 
each  space  thus  expressing  the  author's  opinion  as  to  the  taxonomic  position  of  the 
formation  which  it  represents.  By  comparing  these  tables  witii  one  another  the 
author's  idea  of  the  identity  or  of  the  equivalency  of  certain  of  the  fbrmations  to  one 
another  is  also  seen. 

Following  the  discussions  and  the  tabular  presentation  of  the  subject  of  correla- 
tion of  the  North  American  Cretaceous  formations  the  subject  of  the  recognition  of 
broad  horizons  among  those  formations  is  discussed.  The  term ' '  horizon "  is  here  used 
in  an  unusual  and  extended  sense.  It  is  applied  to  a  formation  or  to  a  series  of  more 
or  less  distinctly  recognizable  formations  within  the  vertical  and  geographical  limits 
of  which  the  original  vertical  and  geographical  range  of  fossil  species  was  never 
everywhere  or  at  any  time  wholly  broken.  Such  horizons  have  both  a  physical  and 
biological  entity.  That  is;  they  are  physically  expressed  in  series  of  sedimentary 
deposits  and  paleontologically  characterized  by  their  contained  faunal  and  floral 
remains. 

The  necessity  for  recognizing  such  horizons  in  the  future  paleontological  inveeti- 
gation  of  the  North  American  Cretaceous  is  pointed  out.  For  example,  it  is  shown 
that  fossils  which  are  found  to  characterize  a  formation  in  any  given  district  ought 
to  be  studied  as  members  of  a  fauna  which  originally  had,  or  that  may  be  assumed  to 
have  had,  a  much  wider  geographical  distribution  and,  at  least  in  part,  a  greater 
range  in  time  than  that  which  is  represented  by  a  single  formation  as  developed 
within  a  limited  district.  That  is,  it  is  unsafe  to  assume  that  any  fossil  that  may  be 
discovered  in  any  given  assemblage  o'f  strata,  in  any  given  district  within  the  geo- 
graphical limits  of  any  one  of  these  horizons,  will  not  bo  fonnd  in  at  least  any  adjoin* 
ing  district  or  in  any  immediately  overlying  or  underlying  assemblage  of  strata.  It 
is  shown  that  paleontological  investigation  with  reference  to  the  horizons  thus  indi- 
cated will  have  a  broader  philosophical  basis  than  has  hitherto  prevailed  as  relates 
to  both  biology  and  structural  geology.        •    . 

A  map  is  inserted  at  the  end  of  the  bulletin  upon  which  are  approximately  shown 
all  the  areas  which  ar^  known  to  be  occupied  by  the  formations  which  are  herein 
discussed. 


PREFACE. 


The  preparation  of  this  work  was  undertaken  at  the  request  of  the 
Director  of  the  Survey  as  part  of  a  general  plan  for  the  review  of  Ameri- 
can formations.  As  the  work  progressed  that  which  was  proposed  to 
be  merely  an  essay  has  grown  to  be  a  memoir,  embracing  -a  large  range 
of  subjects  cognate  with  the  discussion  of  Cretaceous  formations. 

It  has  been  my  purpose  to  use  all  available  information  that  might 
aid  me  in  correlating  and  identifying  all  the  formations  which  have  by 
any  author  been  regarded  as  of  Cretaceous  age,  even  though  some  of 
them  have  been  by  certain  authors  referred  to  other  geological  systems. 
For  paleontological  evidence  of  correlation  and  identity  I  have  relied 
mainly  upon  invertebrate  remains  because  I  believe  them  to  be  far  more 
valuable  for  that  purpose  than  any  other  fossils.  Due  weight,  however, 
has  been  given  to  the  evidence  which  plant  and  vertebrate  remains  afford, 
and  I  have  used  that  evidence  whenever  it  has  been  found  available. 

Those  authors  who  have  published  invertebrate  fossils  from  the  forma- 
tions which  are  discussed  in  this  memoir  have  generally  been  so  explicit 
as  to  the  localities  and  to  the  strata  from  which  their  material  has  been 
obtained  that  I  have  been  able  to  use  the  evidence  thus  furnished  with- 
out hesitation  of  serious  doubt,  and  a  similar  remark  may  be  made  con- 
cerning many  of  the  published  works  containing  descriptions  of  fossil 
plants.  I  have,  however,  frequently  been  unable  to  obtain  information 
fh)m  publications  containingdescriptions  of  vertebrate  fossils  that  would 
enable  me  to  identify  with  certainty  the  strata  from  which  they  were 
obtained  as  portions  of  the  respective  formations  which  working  geolo- 
gists have  long  known  by  means  of  their  characteristic  invertebrate 
fossil  faunas.  For  this  reason  I  have  felt  obliged  to  omit  reference  to 
or  consideration  of  such  works  in  correlating  and  identifying  the  forma- 
tions which  I  have  discussed,  notwithstanding  that  such  omission  im- 
pairs the  value  which  such  a  work  as  this  ought  to  possess. 

Many  of  the  questions  which  I  have  found  it  necessary  to  discuss  in 
this  memoir  are  yet  unsettled,  and  the  views  I  have  expressed  concern- 
ing them  are  intended  to  be  only  tentative.  Furthermore,  so  great  is 
the  activity  among  investigators  of  North  American  Cretaceous  geology 
that  a  considerable  number  of  important  facts  have  been  published  for 

m 

the  first  time  while  this  manuscript  was  iu  course  of  ^rev^^^^v^^vi^^a^ 
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it  is  therefore  likely  that  some  of  the  Btateoients  herein  made  will  need 
modification  80on  after  its  pablication. 

In  thelabor  of  reviewing  the  literature  of  North  American  Gretaceoos 
geology  and  ofcollatingthelong  array  of  facts  which  are  therein  recorded, 
and  a  large  part  of  which  it  has  been  foand  desirable  to  notice  in  this 
memoir,  I  have  received  important  assistance  from  many  geologists, 
especially  from  Dr.  O.  M.  Dawson,  assistant  director  of  the  Canadian 
Geological  Survey. 

Washington,  Fdnruary  23^  1891. 


A  REVIEW  OF  THE  CRETACEOUS  FORMATIONS  OF 

NORTH  AMERICA. 


By  Charles  A.  Whitb. 


INTRODUCTION. 
♦  SCOPE. 

Iq  planning  and  preparing  this  memoir  my  aim  has  been  to  produce 
a  work  for  general  reference  which  shall  contain  a  concise  summary  of 
knowledge  concerning  the  North  American  formations  of  Oretaceoos 
age,  together  with  bibliographical  references  to  the  principal  published 
works  upon  the  various  branches  of  the  subject,  and  such  deductions 
as  have  been  suggested  to  my  mind  by  the  various  series  of  £Eicts  herein 
recorded.  The  special  incentive  to  its  preparation  is  the  pressing  need 
among  geologists  of  such  a  grouping  of  the  leading  known  facts  con- 
cerning the  different  geological  formations  of  North  America  as  will 
aid  them  in  determining  their  relation  to  one  another  and  in  establish- 
ing a  rational  scheme  of  their  classification  for  special  use  upon  this 
continent,  and  also  serve  as  a  basis  for  future  discussions  of  their  cor- 
relation with  those  of  other  parts  of  the  world. 

It  is  primarily  intended  that  this  memoir  shall  J|^e  devoted  to  a  con- 
sideration of  the  Cretaceous  formations  alone ;  but  it  is  found  desirable 
to  i  Delude,  besides  the  undisputed  Cretaceous,  certain  formations  of 
doubtful  age  or  of  transitional  character  which  occur  respectively  at 
the  base  and  top  of  that  system.  The  recognition  of  the  North  Ameri- 
can Cretaceous  system  as  such  has  been  made  by  means  of  its  general 
paleontological  agreement  with  that  of  Europe;  but  in  the  case  of  the 
former  it  has  not  been  found  practicable  so  clearly  to  define  its  upper 
and  lower  limits  as  seems  to  have  been  done  in  Europe.  This  fact  will 
plainly  appear  on  following  pages  in  connection  with  discussions  of  the 
formations  referred  to. 

The  question  of  close  correlation  of  the  various  subdivisions  of  the 
Cretaceous  system  on  this  continent  and  in  Europe  will  not  now  be 
discussed,  because  I  believe  that,  beyond  the  recognition  of  the  larger 
or  more  ^neral  subdivisions  of  the  systems  which  have  a  place  in  the 
great  geological  scheme  now  in  use,  any  attempt  at  a&CAtVa&\^vw\^  vci 
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detail  their  correlation  with  formations  upon  other  continents  ought  to 
follow,  not  precede,  a  comparatively  complete  investigation  of  all  the 
formations  of  this  continent,  a  work  that  will  require  yet  many  years 
of  study  by  a  large  number  of  investigators.  If  this  view  is  correct 
it  is  evident  that  we  ought  to  expect  to  find  features  in  the  structural 
geology  of  this  continent  that  would  have  greatly  modified  the  scheme 
of  classification  in  general  use  if  geology  had  been  first  studied  here. 
I  have,  therefore,  felt  no  hesitancy  in  adopting  such  modifications  as  I 
have  indicated  when  observed  facts  have  seemed  to  warrant  such  a 
course. 

In  accordance  with  these  views,  and  because  of  the  conditions  which  I 
have  found  to  exist  among  the  North  American  Cretaceous  formations,  I 
have  recognized  only  two  general  divisions  of  the  system,  an  upper  and 
a  lower,  instead  of  thf  upper,  middle,  and  lower  divisions  which  are  rec- 
ognized in  some  parts  of  Euroi)e.  These  two  divisions  I  have  called 
Upper  and  Lower  Cretaceous,  respectively,  but  without  any  present  in- 
tention of  defining  their  relation  to  the  Upper  and  Lower  Cretaceous  of 
Europe.^  They  are  simply  the  upper  and  lower  divisions  of  the  North 
American  Cretaceous,  and  the  terms  used  to  designate  them  are  believed 
to  be  natural  in  their  application,  and  less  objectionable  than  Earlier  and 
Later,  because  the  latter  terms  have  been  variously  applied  by  geologists.^ 

So  far  as  practicable  the  nomenclature  of  the  North  American  for- 
mations now  in  general  use  is  employed  in  the  text.  The  synonymy  of 
this  nomenclature,  which  has  arisen  from  the  independent  studies  of 
many  geologists,  is  shown  in  a  series  of  tables  on  following  pages, 
which  represent  nineteen  of  the  principal  published  sections  of  the 
North  American  Cretaceous.  Each  of  these  tables  contains  the  names 
of  the  formations  embraced  in  the  section  which  it  represents,  and  in 
each  case  the  nomenclature  used  by  the  author  of  the  section  is  given. 
The  primary  object  of  those  tables,  however,  is  to  show,  in  accordance 
with  my  present  judgment,  the  correlation  of  the  formations  which  they 
represent. 

A  work  so  brief  as  this  upon  so  comprehensive  a  subject  as  that 
which  is  treated  in  this  memoir  must  be  confined  to  its  leading  features. 
Its  usefulness  will  therefore  be  limited  to  those  who  are  seeking  gen- 
eral rather  than  special  information,  although  the  bibliographical  list 
on  following  pages  will  serve  as  a  guide  to  the  latter.    It  is  based 


■Up  to  a  few  yean  ago  I  was  in  doabt  whether  any  North  American  Cretaoeoaa  formation  ought 
to  be  regarded  as  of  greater  geological  age  than  the  Middle  Cretaceoae  of  Europe.  It  is,  however,  to 
he  expected  that  the  lower  diyision  now  recognised  will  prove  to  be  homotaxially  equivalent  to  certain 
parts  of  the  European  Lower  Cretaceous,  as  has  long  been  claimed  by  Marcou  and  others. 

*Moek  and  Hayden  on  some  occasions  applied  the  terms  Earlier  and  Later  Cretaceous  to  the  upper 
and  lower  portions,  respectively,  of  their  Upper  Missouri  River  section,  whict  includes  no  formation 
older  than  the  Dakota,  and  all  the  members  of  which  section  are  included  in  the  Upper  Cretaceous  as  it 
is  defined  in  this  memoir,  ^ee,  for  example,  Dana's  Manual  of  Geology,  1874,  pp.  456, 457.  Dr.  George 
M.  Dawson  has  applied  the  term  Earlier  Cretaceous  to  certain  of  those  formation)*  which  in  th*s  memoir 
are  designated  as  Lower  Cretaceous,  all  of  which  are  older  than  any  of  the  Earlier  Cretaceous  of  Meek 
and  Hayden.  (See  Am.  Jour.  Sci.,  vol.  38,  1889,  p.  120.  See.  .also,  a  dilTeivut  us3  of  the  term  Sadier 
Pret»ceou»,  by  Dr.  Dafr99n  i9  Pro^*  apd  Tfam*  Bo^.  Soo.  CmukU,  voL  1,  aeo.  4,  p.  40.) 
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mainly  npon  the  published  resalts  of  the  labors  of  many  geologists,  and 
it  is  therefore,  as  regards  the  facts  herein  stated,  essentially  a  compila- 
tion ;  but  the  di^cassionsand  the  manner  of  presenting  the  subject-mat- 
ter of  such  a  work  will  necessarily  reflect  the  personal  views  of  the 
writer.  In  the  present  case  his  views  are  based  not  only  npon  a  review^ 
of  the  published  works  of  other  geologists  but  upon  his  own  personal 
studies  of  the  North  American  Cretaceous,  which  have  extended  over 
a  large  part  of  the  continent 

TAXONOMY  AND  THE  GBITEBIA  OP  OOBEELATION. 

For  the  purpose  of  indicating  the  basis  of  the  views  which  are  ex- 
pressed or  implied  in  the  discussions  recorded  on  following  pages  it  is 
desirable  to  present  some  remarks  upon  the  general  subject  of  the  tiix- 
onomy  and  correlation  of  geological  formations,  and  upon  the  character 
and  value  of  the  criteria  which  have  been  held  to  demonstrate  the  latter. 
These,  remarks,  however,  are  intended  to  apply  almost  exclusively  to 
formations  which  are  plainly  of  clastic  origin,  and  generally  to  those 
which  are  more  or  less  fossiliferous. 

Geological  taxonomy  relates  td  the  establishment  of  a  general  scheme 
of  classification  of  the  formations,  and  correlation  to  the  assignment  pf 
those  formations  which  occur  in  different  parts  of  the  world  to  their  re- 
spective places  in  that  scheme.  As  between  formations  occurring  in 
distant  parts  of  the  world  correlation  is  necessarily  of  a  general  character 
only,  but  it  may  approach  to  actual  identification  within  limited  regions. 
The  taxonomy  of  formations  embraces  not  only  their  systematic  arrange- 
ment in  chronological  order,  but  also  their  characterization  and  delimi- 
tation. 

The  scheme  of  classification  referred  to  is  necessarily  a  chronological 
one,  or  one  that  among  working  geologists  indicates  the  order  in  which 
its  respective  subdivisions  were  produced.  The  basis  of  this  scheme  of 
classification  is  life,  and  beyond  the  actual  observation  of  the  superpo- 
sition of  formations  upon  one  another  and  occasionally  their  subsequent 
lithological  identification  within  limited  districts,  I  do  not  know  of  any 
method  of  determining  their  chronological  relations  except  that  which 
biological  studies  afford. 

Formations  are  characterizable  physically  and  biologically.  Their 
physical  characterization  includes  their  lithogical  composition  and  their 
stratigraphy.  Their  biological  characterization  includes  a  considera- 
tion of  uieir  fossil  contents  both  as  regards  specific  identification  and 
the  evolutional  development  of  the  organic  forms  which  they  represent. 

The  delimitation  of  formations  is  also  both  physical  and  biological. 
Their  physical  delimitation  is  marked  by  a  more  or  less  complete  litho- 
logical and  stratigraphical  difference  between  them  and  those  which  re- 
spectively underlie  and  overlie  them ;  and  their  biological  delimitation 
is  by  the  upper  and  lower  liioit  of  the  vertical  range  of  their  contained 
fossil  faunas  and  floras. 
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It  is  Qsiially  the  case,  especially  with  true  marine  fonaations,  that 
the  vertical  range  of  the  aqaeouB  fossil  forms  which  characterize  them 
coiuciiles  with  their  upper  and  lower  physical  limits,  because  the  physi- 
cal chauges  which  delimited  formations  usually  arrested  the  progress 
of  aqueous  life  and  extinguished  the  living  forms  whose  remains  are  now 
found  to  characterize  them.  It  is,  however,  sometimes  the  case,  espe- 
cially with  uoumarine  formations,  that  while  the  remains  of  water- 
breathing  animals  are  found  to  range  entirely  through  the  vertical 
thickness  of  an  unbroken  series  of  strata,  and  no  more,  remains  of 
other  classes  range  through  only  a  part  of  that  thickness  and  are  suc- 
ceeded by  others  of  the  same  class  but  of  dififerent  species,  and  even  of 
diiierent  types.  Furthermore,  some  members  of  these  latter  classes 
may  be  found  to  range  both  above  and  beneath  the  extreme  vertical 
limits  of  the  aqueous  forms.  That  is,  the  vertical  range  of  fossil  floras 
and  of  land  air-breaChing  faunas  may  sometimes  be  independent  of  the 
well  defined  upper  and  lower  physical  limits  of  a  given  series  of  strata 
andof  the  vertical  range  of  the  invertebrate  aqueous  fauna  which  char- 
acterizes it  In  such  cases  it  is  plain  that  the  changes  of  physical  or  of 
other  conditions  which  affected  the  floras  and  land  faunas  referred  to 
did  not  materially  aftect  the  invertebrate  aqueous  fauna,  and  that 
those  changes  which  introduced  and  destroyed  the  latter  did  not 
similarly  affect  the  former. 

In  accordance  with  the  foregoing  statements  it  will  be  seen  that  for 
the  delimitation  and  characterization  of  formations  for  taxonomic  pur- 
poses, the  data  derived  from  their  aqueous  faunas  in  connection  with 
their  physical  characteristics  are  regarded  as  more  trustworthy  than 
any  other. 

It  is  apparent  to  every  student  of  geology  that  the  various  authors 
who  have  written  upon  or  with  reference  to  the  subject  of  the  correlation 
of  geological  formations  differ  much  in  their  views  as  to  the  proper  cri- 
teria to  be  used  in  such  cases,  or  as  to  the  relative  value  of  those  which 
difl'erent  geological  writers  have  recognized.  It  is  also  apparent  that 
at  least  a  part  of  the  criteria  which  have  been  employed  are  illegiti- 
mate and  not  to  be  relied  upon.  Some  of  these  have  fallen  into  disuse, 
but  there  are  others,  some  of  which  are  of  great  value  in  certain  cases, 
of  which  illegitimate  use  may  be  and  often  has  been  made. 

It  is,  however,  gratifying  to  observe  that  so  few  of  the  criteria  which 
have  been  proposed,  even  of  those  adopted  in  the  infancy  of  geological 
science,  have  proved  to  be  wholly  valueless;  and  this  makes  it  all  the 
more  evident  that  the  differences  of  opinion  that  appear  in  the  publi- 
cations of  different  geologists  have  been  largely  due  to  the  frequent 
use  of  legitimate  criteria  in  ex  parte  or  illegitimate  ways. 

The  criteria  which  properly  maybe  used  in  arriving  at  conclusions 

as  to  the  correlation  of  formations  in  different  regions  and  in  different 

parts  of  the  world  naturally  fall  into  two  categories,  the  one  embracing 

biological  and  the  other  physical  plieiioixi^ii^i.    I^^^^aaib^  thA  biological 
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phenomena  to  be  referred  to  in  this  discussion  all  relate  to  fossil  formSf 
the  criteria  based  upon  them  may  properly  bo  classed  under  the  head 
of  palcontological,  and  because  the  physical  phenomena  relate  to  geo- 
logical subjects,  those  coming  under  this  head  may  be  designated  as 
geological  criteria.  Those  designated  as  paleontological  may  be  di- 
vided into  evolutional  and  special,  the  first  relating  to  the  progressive 
secular  development  of  living  forms  upon  the  earth  during  geological 
time  and  the  second  to  the  recognition  of  identical  or  of  similar  fossil 
forms  in  the  rocks  of  ditferent  regions,  or  of  different  parts  of  the 
world. 

The  geological  criteria  may,  for  our  present  purpose,  be  classed  as 
structural,  stratigraphical,  and  lithological.  The  general  character  of 
the  lithological  criteria  is  readily  understood.  In  relative  pr<ictical 
value  tliey  are  perhaps  next  to  the  paleontological,  bat  they  vary  in 
value  as  well  as  in  kind  and  in  the  conditions  of  their  application.  The 
two  geological  criteria  tirst  mentioned  are  ba^ed  upon  paleontological 
data,  becoming  properly  geological  only  in  their  application.  This  fact 
naturally  leails  to  the  remark  that  all  the  criteria  which  are  to  be  con- 
sidered are  so  interrelated  that  any  classification  of  them  is  difficult, 
and  that  the  one  which  is  here  adopted  is  only  a  matter  of  present  con- 
venience. 

Of  .all  the  criteria  that  may  legitimately  be  used  in  determining  the 
correlation  of  formations  it  can  not  successfully  be  denied  that  while 
those  which  are  based  upon  physi<;al  x)heuomena  are  of  great  value,  and 
often  the  only  ones  directly  available,  the  paleontological  are  much  the 
roost  important.  Indeed  without  the  latter  criteria  a  universal  chrono- 
logical scheme  of  chissificatiou  of  formations  could  never  be  success- 
fully attempted,  and  local  classification  would  be  depiived  of  its  most 
essential  sUmdard.  It  is,  however,  plain  to  everyone  who  takes  a  com- 
prehensive view  of  the  subject  that  even  these  are  not  to  be  relied  upon 
to  the  exclusion  of  others,  nor  with  that  entire  confidence  that  has  been 
expressed  by  some  prominent  writers,  and  implied  by  many  others. 

The  term  correlation  as  here  used  is  meant  to  imply  that  a  given 
formation  or  series  of  formations,  as  the  case  may  be,  in  one  district  or 
part  of  the  world,  being  similar  in  its  characteristics  and  associations 
to  that  of  another,  is  referable  to  the  same  relative  place  in  a  recognized 
scheme  of  classification.  As  emidoyed  in  this  memoir  it  takes  the  place 
of  other  terms  that  have  been  used  by  various  writers,  such  as  equiv- 
alency and  contemporaneity,  these  terms  being  discarded  except  with 
reference  to  limited  areas,  as  implying  more  than  ascertainable  facts 
will  warrant. 

It  will  therefore  be  understood  that  the  term  **  correlation,'^  in  the 
more  general  use  which  is  herein  made  of  it,  is  intended  to  imply  that  the 
ascertainable  relation  to  one  another  of  the  formations  which  are  geo- 
graphically widely  separated  is  at  best  only  homotaxiaU  and  tU9i.\>^N^w 
the  cases  of  actual  contemporaneity  of  widely  ^^^^ix^X*^  l^T:vKi*^\\<^\^^ 
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which  must  necessarily  have  existed  can  not  be  demonstrated  for  want 
of  inherent  or  any  other  satisfactory  proof.  Within  limited  regions, 
however,  correlation  may  be  more  definitely  determined,  and  within 
certain  districts  of  even  considerable  extent  its  determination  may  be 
essentially  exact,  in  which  cases  terms  implying  equivalency  and  even 
contemporaneity  may  properly  be  used.  That  is,  we  may  det^ermine  not 
only  the  homotaxial  correlation  of  formations,  but  in  some  cases  at 
least  correlation  of  essential  identity,  or  even  of  approximate  contem« 
porancity,  may  satisfactorily  be  ascertained.^  It  is  the  criteria  of  homo- 
taxial correlation,  especially  those  classed  as  evolutional,  that  I  shall 
first  consider,  both  as  regards  their  legitimate  and  illegitimate  use. 

If  the  rate  of  progress  of  the  secular  evolution  of  organic  forms  bad 
been  uniform  for  all  classes  of  those  forms  in  all  parts  of  the  world, 
through  the  whole  course  of  geological  time,  and  if  sufficient  evidence 
of  the  name  were  discovered  or  discoverable,  it  would  be  a  simple  mat- 
ter to  determine  not  only  the  relative  but  the  actual  geological  age  of 
any  and  all  furmationa  containing  fossils  of  any  kind.  In  such  a  case 
their  correlation  would  be  not  only  homotaxial,  but  actual  equivalency 
and  contemporaneity  could  be  accurately  determined. 

The  practice  of  a  large  proportion  of  paleontological  writers  is  evi- 
dently based  upon  the  affirmative  side  of  the  question  here  implied. 
They  have  assumed  to  decide,  without  reference  to  any  related  facts, 
the  taxonomic  position  of  strata  in  any  and  all  parts  of  the  world  from 
which  fossils  submitted  to  them  may  have  been  obtained,  rising  the 
European  scheme  of  classification  as  if  it  were  an  infallible  standard  of 
universal  applicability,  even  in  its  minor  details.  Paleontological  liter- 
ature abounds  in  cases  of  this  kind  and  they  embrace  all  branches  of 
paleontology,  vertebrate,  invertebrate,  and  phytological.  Even  stu- 
dents of  special  divisions  of  these  branches  have  assumed  to  decide 
such  questions  by  the  results  of  their  own  labors  alone. 

The  reasons  why  paleontological  data  alone  do  not  constitute  an  ade- 
quate basis  for  deciding  all  questions  of  correlation  are  various,  among 
which  are  those  implied  in  the  following  propositions,  relating  mainly 
to  the  subject  of  biological  evolution. 

(1)  General  biological  evolution,  while  it  has  been  progressive,  has 
not  progressed  at  a  uniform  rate  throughout  geological  time  and  in  all 
parts  of  the  world.  This  is  shown  in  many  ways;  for  example,  by  the 
survival  of  a  greater  or  less  number  of  ancient  types  of  life  in  associa- 
tion with  more  advanced  and  later  types,  by  the  presence  of  such  ad- 
vanced types  among  certain  ancient  faunas,  and  by  the  general  differ- 

*  For  a  statement  of  views  implying  the  dominant  idea  of  contemporaneity  of  formations  see  Piotet, 
F.  J.,  Trait6  de  Pal6ontologie,  vol.  1,  2«  ed.,  Parte,  1853,  p.  100.  Also  Schimper,  W.  Ph..  Traits  do 
Pa16ontologle  V6g6tale,  vol  1, 18G9,  p.  100,  Paris. 

For  a  presentation  of  the  idea  implied  in  the  term  * '  homotaxy,"  and  for  the  first  use  of  that  term,  see 
Huxley,  T.  H.,  Quart  Jour.  Geol.  Soc.  Lend.,  vol.  18, 1804,  pp.  41, 42.  Literally,  the  term  **  bomotaxy  "  im. 
plies  that  any  given  syatoni  is  divi  Ible  into  formations  of  similar  number,  character,  and  relative 
YiUue  in  different  ports  of  the  world.    As  this  is  never  actually  the  case,  it  is  plain  that  even  this  tenn 
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eiices  of  grade  of  existing  faanas  and  floras  iu  differeut  parts  of  the 
world,  which  raay  be  figuratively  regarded  ad  respectively  the  summits 
of  evolutional  columns  of  unequal  height,  and  which  indicate  that  simi- 
lar differences  prevailed  during  geological  time.  It  is  also  shown  by 
the  evidence  we  have  that  in  all  ages  certain  trunk  lines  of  descent 
successively  became  extinct,  while  contemporaneous  lines  continued 
their  existence  until  they  in  turn  were  extinguished.' 

(2)  The  rate  of  general  progress  in  the  evolution  of  vertebrates,  in- 
vertebrates, iind  plants  has  not  been  the  same  for  each  at  all  times  and 
in  all  parts  of  the  world.  Thus,  for  example,  a  given  grade  of  floral 
development,  which  was  coutomi)oraneous  with  a  certain  grade  of  in- 
vertebrate, or  of  vertebrate,  life  in  one  part  of  the  world  has  been  found 
to  have  been  contemporaneous  with 'a  higher  or  a  lower  grade,  as  the 
case  may  be,  in  another  part.  Again,  a  given  grade  of  invertebrate 
development  has  remained  comparatively  unchanged  during  several 
periods  in  which  great  differentiation  and  evolutional  advancement  took 
place  in  certain  floras  and  in  other  faunas. 

(3)  The  progress  of  evolution,  such  as  it  has  been,  was  frequently 
modified  by  physical  causes.  For  example,  the  great  physical  changes 
which  have  frequently  taken  place  in  the  earth's  crust  and  upon  its  sur- 
face, while  they  were  never  universally  catastrophic  as  regards  biolog- 
ical evolution  as  a  whole,  have  often  been  largely  destructive  of  life 
over  great  areas.  Such  physical  changes  of  course  extinguished  many 
of  the  then  existing  forms  of  life,  and  to  that  extent  arrested  faunal  and 
floral  evolution  in  the  disturbed  areas,  while  in  undisturbed  areas  forms 
similar  to  those  that  were  extinguished  continued  to  exist  until  ade- 
quate changes  occurring  there  caused  their  extinction  also.' 

(4)  Physical  or  other  forces  operating  within  a  given  region  have  at 
times  caused  the  extinction  or  great  modification  of  certain  faunas  and 
floras,  while  they  have  not  afiected  other  faunas  to  the  extent  of  a 
change  in  specitic  characters.  This  proposition  is,  for  example,  sup- 
ported by  the  conditions  observed  in  the  great  series  of  strata  which 
has  received  the  name  of  the  Laramie  group.  This  formation  contains 
remains  of  vertebrates  which  paleontologists  generally  regard  as  char- 
acteristic of  tbe  Cretaceous  system,  while  at  least  the  npper  strata  of 
the  series  contain  a  flora  which  paleobotanists  have  declared  to  be  Ter- 
tiary ;  and  yet  a  fresh- water  branchiferous  molluscan  fauna  ranges  from 
base  to  top  of  the  whole  series  without  change  in  the  specific  character 
of  its  memben).  The  survival  of  these  branchiferous  mollusca  implies  a 
continuity  of  congenial  aqueous  habitat  from  the  earliest  to  the  latest 
portion  of  the  epoch  which  that  series  of  strata  represents  and  which 

'  For  rcninrkn  on  tho  extinction  of  trunk  linoA  of  descent  soo  Ward,  Lester  F.,  Presiilential  AddresH, 
Bio1o{|;ical  Society.  Wasbinfjton,  1890. 

'  It  is  not  to  Ih>  denied  that  certain  faniinl  typos,  espocinlly  of  marico  invertebrates,  wore  almost 
world  wide  in  their  distribntiun,  especially  iu  ibo  older  geological  periods,  and  tbat  in  sacb  caaos,  re- 
(ipectively,  their  remains  aoem  to  ocour  witliin  a  very  narrow  vertical  range.  But  this  fact  does  not 
invalidate  the  foregoing  propositions. 
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was  not  affected  by  the  caases  tbatchanged  the  flora.  The  whole  series 
of  strata,  indading  those  which  bear  phiuts  of  Tertiary  characteristics, 
also  presents  the  appearance  of  having  been  produced  by  anintermpted 
sedimentation. 

(5)  Because  of  the  facts  stated  in  proposition  2,  the  remains  of  land 
animals  and  plants  possess  no  inherent  trustworthy  evidence  of  the 
actual  contemporaneity  they  may  havo  had  in  life  with  aqueous  forms. 
Therefore  contemporaneity  can  not  be  proved  in  these  cases  except  by 
the  commingling  of  remains  of  the  different  kinds  in  one  and  the  same 
deposit.  Again,  contemporaneity  of  fresh- water  and  marine  faunas  r.:\n 
not  be*  proved  by  any  inherent  characteristics  of  either,  because  the 
differentiation  of  fresh- water  forms  as  compared  with  that  of  marine 
forms,  especially  in  the  case  of  the  mollusca,  has  been  so  slight  and  so 
slowly  accomplished  (luring  geological  time.  Furthermore,  because 
fi*esli-water  and  marine  deposits  were  always  separately  formed,  phys- 
ical proof  of  contemporaneity  is  never  conclusive,  and  usually  it  is 
wholly  wanting.  For  these  and  for  the  other  reasons  just  mentioned  it 
is  always  difficult,  and  often  impossible,  to  determine  the  true  taxonomic 
relation  of  fresh- water  to  marine  deposits. 

The  foregoing  propositions  relate  mainly  to  evolutional  criteria,  and 
are  largely  of  world-wide  applicability ;  but  some  of  them  relate  to  the 
class  which  I  have  designated  as  special.  The  former  are  based  upon 
the  recognizability  of  a  number  of  world-wide  stages  of  biological  de- 
velopment, each  of  which  is  indicated  by  characteristic  organic  types. 
Their  use  is  legitimate  when  they  are  considered  in  connection  with 
other  criteria  and  confined  to  a  recognition  of  those  general  stages,  and 
illegitimate  when  the  recognition  of  definite  upper  and  lower  limits  of 
those  stages  or  of  the  identity  of  their  smaller  subdivisions  is  thns 
attempted.  Such  attempts  are  especially  deplorable  when  no  reference 
is  made  to  other  criteria. 

The  class  of  paleontological  criteria  which  I  have  designated  as 
special  are  of  more  restricted  applicability  than  those  designated  as 
evolutional  because  they  are  based  upon  the  recognition  of  identical  or 
of  similar  fossil  forms  in  different  formations.  Within  limited  areas 
these  criteria  are  of  direct  applicability.  For  example,  the  recognition 
of  specific  identity  of  fossils  in  formations  of  marine  or  of  lacustrine 
origin  which  occur  in  regions  of  moderate  extent  may  properly  be 
accepted  as  proof  of  approximate  contemporaneity,  or  at  least  as  suffi- 
ciently indicating  a  close  correlation  of  the  formations  bearing  such 
fossils.  But  specific  identity  of  fossils  discovered  in  formations  of 
widely  separated  parts  of  the  world,  even  if  the  assumed  identity  la 
real,  does  not  prove  contemporaneity  of  those  formations,  because 
geographical  distribution  of  species  implies  lapse  of  time  which,  in 
many  ca:ses,  may  have  amounted  to  long  geological  periods.  Further- 
more, there  are  many  forms,  especially  among  the  Ostreidse,  Aviculidae, 
etc.,  which  have  differed  so  little  from  period  to  period  of  geological 
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time  as  to  present  no  observable  change  in  their  specific  charaeters. 
Snch  apparent  specific  identity  is  plainly  of  no  value  in  the  correla- 
tion of  separate  formations,  although  they  may  have  some  general  value 
in  the  case  of  groups  of  formations. 

In  studying  the  correlation  of  widely  separated  formations  by  means 
of  those  paleontological  criteria  which  I  have  designated  as  special^ 
their  use  is  necessarily  of  a  more  general  character  than  that  which  is 
made  of  the  evolutional  criteria,  with  which,  indeed,  they  are  in  this 
way  closely  connected.  For  example,  if  a  given  series  of  formations  in 
one  part  of  the  world  is  found  to  contain  the  remains  of  faunas  and 
floras  which  are  respectively^  homologous  to  those  of  a  series  in  another 
part,  and  if  such  series  are  respectively  overlain  and  underlain  by  others 
which  correspond  in  a  similar  manner,  it  ought  to  be  accepted,  when 
fortified  by  other  evidence,  as  proof  of  at  least  general  correlation. 
That  is,  it  is  the  general  correspondence  of  the  respective  faunas  and 
floras  that  is  to  be  relied  upon  in  these  cases,  rather  than  upon  specific 
or  other  classificatory  identification  of  fossils. 

The  upper  and  lower  limits  of  a  series  of  formations  thus  correlated 
with  another  series  in  a  distant  part  of  the  world  would,  however,  rarely 
coincide,  and  there  would  also  necessarily  be  more  or  less  faunal  and 
floral  differences  between  them,  due  to  causes  which  have  been  referred 
to,  and  also  to  dissimilar  physical  conditions  which  prevailed  in  the  dif- 
ferent regions.  These,  fiicts  again  plainly  indicate  the  necessity  of  con- 
sidering all  available  concurrent  evidence  before  reaching  a  conclusion 
in  such  cases  as  have  been  mentioned. 

It  was  intimated  at  the  outset  that  all  the  criteria  of  correlation  are 
closely  interrelated.  Turning  now  to  those  which  are  classed  as  geo- 
logical we  find  that  for  this  reason  it  is  diflicult  to  discuss  them  sepa- 
rately from  one  another,  as  we  have  already  found  it  difficult  to  discuss 
those  classed  as  pcOileontological  separately  from  these. 

This  interrelationship  of  geological  with  paleontological  criteria  is 
esi)ecially  close  in  the  case  of  those  which  I  have  designated  as  struc- 
tural, or  those  which  relate  to  the  taxonomic  position  in  a  great  general 
scheme  of  classification  of  formations  or  groups  of  formations  which  are 
geographically  widely  separated.  Indeed,  these  criteria  are  properly 
paleontological,  but  become  structural  in  their  application.  So  also  the 
paleontological,  criteria  which  are  designated  as  special  become  strati- 
graphical  in  their  application,  and  auxiliary  to  lithological  criteria  in 
the  identification  of  formations  and  the  recognition  of  the  order  of  their 
superposition  within  limited  regions. 

Again,  a  given  nssemblage  of  striita  may  possess  certain  paleontolog- 
ical characteristics  which  suggest  that  they  are  referable  to  a  separate 
perioil  from  that  of  those  beneath  it,  while,  other  paleontological  data, 
together  with  stratigraphicfil  conformity,  tend  to  connect  the  whole 
together  as  a  single  series.  If  then  we  (iiul  the  whole  assemblage  to  ho 
involved  in  displacements  which  occurred  immediately  upon  the  com- 
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pletion  of  its  deposition  this  is  an  additional  reason  for  regarding  all 
those  strata  as  constitnting  a  single  formation  and  representiug  a  sin- 
gle epoch,  notwithstanding  the  partial  paleontological  discrepancy 
referred  to.  Such  a  condition  of  things  exists  with  relation  to  the 
great  series  of  strata  known  as  the  Laramie  formation. 

Compared  with  the  paleontological,  the  lithological  criteria  are,  at 
best,  of  limited  application  and  available  only  in  either  direct  or  indi- 
rect relation  to  the  former.  Their  use  in  that  relation  is  direct  when 
they  are  applied  to  fossiliferous  and  indirect  when  they  are  applied  to 
unfossiliferons  formations.  In  the  former  cases  they  are  simply  acces- 
sory to  associated  paleontological  criteria,  but  in  the  latter  they  con- 
stitute the  principal  evidence  of  correlation.  Their  application  in  the 
latter  cases,  however,  can  be  made  only  with  reference  to  some  already 
known  paleontological  horizon. 

It  is  hardly  necessary  in  this  connection  to  refer  particularly  to  the 
former  class  of  cases,  but  the  extensive  studies  that  have  been  made  in 
the  pre  Cambrian  stratified  rocks  furnish  cases  of  the  latter  class  that 
are  worthy  of  special  consideration.^  It  has  been  shown  that  by  use  of 
lithological  criteria  a  very  satisfactory  classification  of  these  unfossili- 
ferons formations  can  be  made  and  that  their  correlation  with  one  an- 
other may  be  determined;  but  the  fact  that  they  are  of  pre-Cambrian 
age  could  be  determined  only  by  paleontological  evidence.  That  is, 
their  taxonomic  position  in  the  general  scheme  of  classification  could 
be  determined  only  by  means  of  paleontological  criteria. 

Paleontology,  when  it  is  available,  affords  beyond  question  the  most 
trustworthy  means  for  the  identification  of  formations  that  occur  within 
the  regions  that  ordinarily  constitute  fields  of  geological  study;  but  in 
the  absence  of  fossils  the  geologist  often  reaches  conclusions  by  methods 
of  reasoning  that  it  would  be  difficult  even  for  himself  to  formulate, 
which  conclusions  are  valuable  in  proportion  to  his  experience  and  to 
the  range  of  his  acquirements  and  observation. 

Among  these  less  clearly  definable  methods  is  that  which  takes  cog- 
nizance of  homogeny ;  that  is,  of  a  method  in  connectioit  with  which 
certain  inherent  general  characteristics  which  are  presented  by  a  series 
of  strata  in  a  given  part  of  a  region  under  investigation  are  accepted 
as  evidence  that  it  had  a  common  origin  with  certain  series  in  other 
parts  of  the  same  region  presenting  similar  characteristics.  This  con- 
clusion necessarily  implies  that  originally  there  was  phj'sical  continuity 
of  similar,  strata  between  such  localities  whether  near  to  or  remote  from 
one  another,  but  these  strata  may  have  been  either  destroyed  or  ob- 
scured. 

This  method  of  identifying  formations  is  of  great  value  in  the  hands 
of  an  experienced  and  broad-minded  investigator,  but  some  of  the  most 
grievous  mistakes  that  geologists  have  made  have  occurred  in  conse- 
quence of  relying  upon  it  to  the  exclusion  of  paleontology. 


>  See,  for  example.Irviug,  II.  D.:  Chissiticiilion  of  the  Early  Cambrian  and  pre-Cambrian  formatioiia. 
Seveath  Ann.  Rep.  U.  S.  Geol. Suney,  py.ail-3»* 
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Accepting  the  foregoing  statements  as  lo  the  cbaracter  and  relative 
value  of  the  criteria  that  may  properly  be  employed  in  determining  the 
correlation  of  geological  formations,  especially  those  which  are  geo- 
graphically widely  separated,  it  is  evident  that  no  one  criterion  nor  any 
one  class  of  criteria  is  sufficient  definitely  to  decide  any  question  of 
that  kind.  It  is  also  evident  that  the  correlation  of  widely  separated 
formations  is  at  best  more  a  matter  of  opinion  than  of  demonstrable 
f  *ct,  and  that  a  final  judgment  in  such  cases  must  l>6  the  result  of  a  con- 
sensus of  opinion  of  investigators  in  all  branches  of  geological  science. 

'the  LITERATURE  OP  THE  NORTH  AMERICAN  CRETACEOUS. 

While  those  who  may  consult  this  memoir  are  likely  to  find  that 
much  has  been  omitted  which  they  desire  to  know,  tlie  accompanying 
briefly  annotated  bibliographical  list  will  be  found  to  contain  the  titles 
of  the  principal  published  writings  upon  the  Korth  American  Creta- 
ceous, and  to  serve  either  directly  or  indirectly  as  a  guide  to  nearly  all 
of  the  literature  of  the  subject.  The  great  mass  of  that  literature  has 
been  passed  in  review  by  the  writer  in  the  preparation  of  this  memoir; 
and  those  works  whose  titles  the  list  contains  may  be  regarded  as  hav- 
ing been  esi^ecially  consulted. 

The  necessarily  limited  scope  of  this  work  makes  it  impracticable  to 
give  an  exhaustive  bibliography  of  the  whole  subject,  and  therefore  the 
question  what  to  reject  and  what  to  include  in  this  list  lias  not  been  an 
easy  one  satisfactorily  to  decide.  But  the  list  has  been  abbreviated  so 
far  as  could  consistently  be  done,  and  titles  of  papers  and  smaller 
works  are  given  only  when  they  contain  matter  having  an  important 
bearing  on  the  subject  in  hand. 

Again,  a  number  of  important  works  have  been  omitted  from  the  list 
because  the  substance  of  them,  together  with  other  matter,  is  included 
in  later  and  more  comprehensive  publications  by  the  same  authors 
which  are  included  in  the  list.  Therefore  the  number  of  titles  by  any 
one  author  which  the  list  contains  does  not  necessarily  bear  any  rela- 
tion to  the  importance  of  his  contribution  to  the  literature  of  the  sub- 
ject. 
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Bannister,  H.  M.  Report  of  a  Geological  Reoonnaissance  along  the  Union  Pacific  Rail- 
road.    <U.  S.  Geol.  Sarv.  Terr,  for  187*2,  Sixth  Annual  Report,   pp.   519-641. 

1873. 

The  author  discusses  marine  Cretaceoas  and  Laramie  strata,  and  tcWea  sections  at  Car- 
bon, Blaclc  Ruttes,  along  Bitter  Creek,  and  at  Almy  Coal  Mines,  all  in  Wyomiuflr. 

Bannisteb,  H.  M.  Note  on  the  a«;e  of  the  Laramie  group,  or  Rocky  Mountain  Lig- 
nitic  formation.     <Am.  Jour.  Sei.,  3d  ser.,  1879,  ▼ol.  17,  pp.  243-245, 

The  author  states  that  Clarence  King  was  in  error  in  asserting:  that  the  Laramie  is  al^raya 
unconformable  with  ovorlyins:  formations. 

Barcena,  Mariano.  Noticia  cientiAcade  una  parte  del  estado  de  Hidalgo.  '<CAnales 
del  Ministerio  de  Fomento  de  la  Republica  Mexicana,  vol.  1,  1877,  pp.  331-351. 

Barcena,  Mariano.  Materiales  para  la  formacion  de  una  Ohera  de  Paleontologia 
Mexicana.  <Anale8  del  Mnseo  Nacional  de  Mexico,  tomo  1,'pp.  85-87;  195-203; 
283-280.     1877. 

Barrett,  L.    On  some  Cretaceous  rocks  in   the  southeastern  portion  of  Jamaica. 

<Quart  Jour.  Geol.  Soc.  London,  vol.  16,  1860,  pp.  324-326. 

The  Cretaceous  rocks  referred  to  in  this  article  are  apparently  equivalent  to  those  which 
were  afterward  descril^ed  by  Duncan  &  Wall  in  the  district  of  Clarendon. 

Becker,  George  'F.  Notes  on  the  stratigraphy  of  California.  <Bull.  U.  S.  Geol.  Sur- 
vey No.  19.     1885. 

The  author  discusses  the  relation  to  one  another  of  the  different  Cretaceous  formations  of 
California,  and  i^ives  his  reasons  for  referrinsr  a  larife  part  of  the  metaphoric  rocka  of  the 
coast Vanges  to  the  Cretaceous  system. 

Becker,  George  F.  [Administrative  Repott.]  <Sixth  Annual  Report  U.  S.  Geol. 
Survey,  pp.  G7-70.     1885. 

The  author  discusHcs  the  ajiro  And  time  of  uplift  of  the  Coast  Range  formations  and  the 
equivalency  of  difterent  A ucel la-bearing  beds. 

Becker,  George  F.    Cretaceous  metamorphic  rocks  of  California.     <[Am.  Jour.  Sci., 

3d  ser.,  vol.  31,  1886,  pp.  348-357. 

The  author  repeats  his  opinion  that  a  large  part  of  the  metamorphic  rocks  of  tlie  coast 
ranges  of  California  are  of  Cretaceous  ago. 

Becker,  George  F.  The  Qucksilver  Deposits  of  the  Pacific  Slope.  <Monog.  U.  S. 
Geol.  Surv.,  Vol.  13.     1889. 

Dr.  Becker  discusses  in  this  volume  the  question  of  the  Cretaceous  age  of  a  large  part  of 
the  metamorphic  rocks  of  the  coast  ran*;es  aiul  of  certain  Aucella-bearing  rocks. 

Bell,  Robert.  Report  on  part  of  the  basin  of  the  Athabasca  River,  Northwest  Terri- 
tory. <Geol.  Surv.  Can.  Import  of  progreas  for  1882-»83-»84.  Montreal,  1885,  8**. 
pp.  786.     Maps,  plates,  sections,  and  illustrations.     188i}. 

Cretaceous  rucks  are  reported  to  exist  at  several  locnlities,  atone  of  which  they  are  found 
resting  unconformably  upon  the  Devonian  limestone. 

Billings,  £.     On  the  Mesozoic  Fossils  from  British  Columbia.     <Geol.  Nat.    Hist^ 

Survey  Canada.     Report  of  progress  for  1872-'73.     Appendix  ir,  pp.  71-75.     1873. 
This  article  contains  note.<i  on  the  Mesosoic  fossils  collected  by  Mr.  James  Richardson  in 
British  Columbia  in  iH72.    The  author  also  gives  a  table  comparing  the  Mesozoic  rocks  of 
British  Columbia  with  those  of  California,  Nebraska,  and  England. 

26  ~ 
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Blake,  William  P.  Report  on  the  geology  of  the  route  near  the  thirty-eeoond  par- 
allel. <Pacific  Railroad  Surveys,  voL  3.  4°.  Washington,  1855.  pp.  1-40  and 
maps.     1856.  ^ 

The  occurrence  of  fossils  on  the  Llano  Bstacado,  now  known  to  oharaoterise  the  Co- 
manche beds  of  the  Texas  section,  is  annonnced. 

Blake,  W.  P.  Locality  of  secondary  fossils  in  Oregon.  <  Am.  Jour.  Sci.,  2d  ser.,  vol. 
44,  1867,  pp.  118,  119. 

The  fossils  referred  to  are  from  the  valley  of  John  Day  River,  are  of  the  age  of  the  Chico 
gfoapof  Oalifomia,  and  were  subsequently  described  by  Meek. 

Blake,  William  P.    Geographical  Notes  upon  Russian  America  and  the  Stickeen 

River,  being  a  report  addressed  to  the  Hou.  W.  H.  Seward,  Secretary  of  State. 

Washington,  1868. 

The  author  suggests  that  the  coal-bearing  formations  of  Sitka  and  other  acescent  islands 
are  equivalent  In  age  with  those  of  Vancouver  and  Queen  Charlotte  Islands. 

Blake,  W.  P.;  C.  H.  Hitchcock  and.     (See  Hitchcock,  C.  H.,  and  W,  P.  Bhike.) 

Booth,  James  C.  Memoir  of  the  Geological  Survey  of  the  State  of  Delaware;  includ- 
ing the  application  of  the  geological  observations  to  agriculture.     8^.     pp.  i-xi 

and  9-188.    1841. 

The  author  divides  the  "Upper  Secondary  **  of  the  State  into  the  "Red  Clay '*  and  the 
''Greensand  "  formations,  which  seem  to  correspond  to  the  Potomac  formation  and  the 
New  Jersey  marls,  respectively. 

Bradley,  F.  H.  Geological  Chart  of  the  United  States  East  of  the  Rocky  Mountains, 
and  of  Canada.     Published  by  the  author.     1875. 

Broadhead,  G.  C.     The  chalk  beds  of  Wakeeney,  Kansas.     <Kansas  City  Review, 

vol.  5,  1882,  p.  616. 

These  l)eds furnish  commercial "  whiting*'  and  belong  to  the  Niobrara  grroup  of  the  Cre- 
taceous section  of  Meelc  ic  Hayden. 

Castilt^,  An^tonio  del.  Bosquejo  de  una  Carta  Geologicade  la  Republica  Mexicana, 
fomiado  por  disposicion  del  Secretarlo  de  Fomento,  Gen'l  Carlos  Pacheco  por  una 
comision  especial  bajo  la  direccion  del  Prof.  Antonio  del  Castillo,  Director  de  laEs- 
cnela  Nacional  de  Ingenieros.  Grabadopor  Erhard  Hermanos,  35  calle  Deufest- 
Itochereau,  Paris.     1889. 

Clark,  William  B.  Discovery  of  fossil-bearing  Cretaceous  strata  in  Anne  Arundel 
and  Prince  George  Counties,  Md.  <  Johns  Hopkins  University  Circulars,  No.  69, 
pp.  20, 21.     1888. 

Considerable  areas  formerly  supposed  to  be  occupied  by  Tertiary  deposits  are,  by  the 
author,  shown  to  bo  occupied  by  tlie  upper  division  of  tlie  Cretaceous. 

Clark.  W.  B.  On  the  Tertiary  deposits  of  the  Cape  Fear  River  region.  <Bnll.  Geol. 
Soc.  Anier.,vol.  1,1890,  pp.  5.37-540. 

The  author  mentions  the  comminirling:  of  Cretaceous  and  Tertiary  fossils  in  one  and  the 
same  stratum,  and  is  inclined  to  regard  it  as  mechanical,  and  not  faunal. 

Conrad,  TrMOTiiv  A.     Fossil  shells  from  the  Tertiary  deposits  on  the  Columbia  River 

near  Astoria.     <Am.  Jour.  Sci.2d8er.,  vol  5,   1848,  pp.  432,  433,  including  14 

wood-cuts. 

Sonic  of  these  species  seem  to  be  identical  with  some  found  in  the  T^jon  grroup  of  the 
California  State  Survey.    See  Bull.  U.  S.  Geol.  Survey  No.  51. 

Hdnrad,  Timothy  A.  Observations  on  ceitain  Eocene  fossils,  described  as  Cretaceous 
by  Mr.  W.  M.  Gabb  in  his  report  published  in  the  *'  Paleontology  of  California." 
<Am.  .Tour.  Concliology.  vol.  1,1865,  pp.  362-3G5 

The  fossils  discussed  by  the  author  and  declared  to  be  Tertiary  are  from  both  the  Chico 
and  T^jon  g^roups  of  the  California  State  Survey. 
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Conrad,  Timothy  A.    Note  on  the  Tertiary  of  North  and  Sooth  Carolina.     <  Am.  Jour. 

ScL,2d8er.,vol.  43,  1867,  p.  2(50.  ^ 

Reference  is  made  in  (his  Dole  to  the  oocurrenoe  of  Cretaoeotis  forms  in  Eocene  strata  €»t 
South  Carolina;  and  Mr.  Conrad  states  that  the  evidence  is  conclusive  that  the  commins- 
ling  took  place  by  a  breaking  up  in  Eocene  time  of  previously  deposited  Cretaceous  strata. 

CoNSAD,  Timothy  A.    Reply  to  Mr.  Gabb  od  the  Cretaceous  rocks  of  Caiifomia.     <  Anu 

Jour.  Sci.  2d  ser.,  vol.  ^4,  1867,  pp.  376,377. 

The  author  again  states  his  opinion  that  the  fossils  of  the  T^jon^oup  indicate  their 
Eocene  age. 

CoNBAD,  T.  A.  On  some  points  connected  with  the  Cretaceons  and  Tertiary  of  North 
Carolina.     <Am.  Jour.  ScL,  toI.  1, 1871,  pp.  468,  4S9. 

The  author  denies  the  correctness  of  the  opinion  then  current  that  Miocene  and  •Cretaceous 
fossils  are  faunally  commingled  in  one  and  the  same  stratum  on  Tar  River,  N.  C,  butclaiins 
that  the  comminglinis  is  mechanical. 

CoNBAD,  Timothy  A.  Descriptions  of  new  genera  and  spOcies  of  fossil  shells  of  North 
Carolina,  in  the  State  cabinet  at  lialeigh.  <^Kerr's  Report  on  the  Geol.  Snrv.  of 
North  Carolina,  vol.  1,  Appendix  A,  pp.  1-28,  plates  1-4.     1875. 

The  author  states  that  the  Cretaceous  fossils  desorllied  in  this  paper  represent  the  Ripley 
group. 

Cook,  Gbobge  H.  The  annual  report  of  Prof.  Geo.  H.  Cook,  State  geologist,  to  his  ex- 
cellency, Joel  Parker,  president  of  the  board  of  managers  of  the  Geological  Survey 
of  New  Jersey,  H°  pamphlet,  ppw  24  and  map  and  section.     1865. 

The  extension  of  the  Cretaceous  into  Pennsylvania  and  Delaware  is  shown  on  the  map. 
It  also  shows  the  presence  of  Cretaceous  deposits  upon  Staten  Island  and  a  pari  of  the  ex- 
treme western  end  of  Long  Island. 

Cook,  George  H.    Geology  of  New  Jersey,  pp.  900,  imp.  8*^  and  7  plates.     Also  13 

maps  in  portfolio.     1868. 

The  Cretaceous  formations  of  New  Jersey  are  elaborately  described. 

CooK,  Geobge  H.     Geological  map  of  New  Jersey.    1882. 

This  map  exhibits  by  colors  the  areal  distribution  of  the  geological  fsrmations  of  the 
State  and  contains  vertical  and  horisontal  sections  of  them. 

CooK,  Gbobge  H.  Geological  Snrvey  of  New  Jersey.  Annual  Report  of  the  State 
Geologist  for  the  year  1883,  p.  18a 

This  report  contains  a  section  of  the  Cretaceous  formations  of  New  Jersey,  with  descrip- 
tions of  the  formations  as  found  in  artesian  borings  at  Asbury  Park  and  Ocean  Grove. 

Cook,  Geobge  H.  Geological  Snrvey  of  New  Jersey.  Annual  Report  of  the  State 
Geologist  for  the  year  1884. 

This  report  contains  a  section  of  the  Cretaceous  formations  of  New  Jersey,  somewhat 
modified  froui  those  published  in  the  earlier  reports,  the  modification  being  due  to  informa- 
tion obtained  by  artesian  borings. 

Cook,  Geobge  H.  Sketch  of  the  geology  of  the  Cretaceous  and  Tertiary  formations 
of  New  Jersey.  <Brachiopoda  and  Lamellibranchiata  of  the  Raritan  clays  and 
Greensaod  marls  of  New  Jersey.  Monographs  of  the  U.  S.  Geological  Snrvey,  vol. 
9,  pp.  i-xx.     1885. 

In  thi<i  article  Prof.  Cook  gives  sections  of  the  Cretaceous  formations  of  New  Jersey,  cor- 
rected by  late  information  obtained  from  artesian  borings  at  the  seaooast. 

CooK,  Geobge  H.  Geological  Snrvey  of  New  Jersey.  Annual  Report  of  the  State 
Geologist  for  the  year  1886,  pp.  254.     1887. 

This  report  is  mostly  devoted  to  economic  geology ;  but  with  the  description  of  **  Green- 
sand  marls  "  sections  of  the  New  Jersey  Cretaceous  are  given. 

Cope,  E.  D.  The  fossil  reptiles  of  New  Jersey.  <Am.  Naturalist,  1868,  vol.  1,  pn. 
23-30,  and  vol.  3,  pp.  84-91. 

These  are  popular  articles,  the  second  containing  figures  illustrating  restoration  of  aev^ 
eral  species. 

Cope,  £.  D.  On  some  Cretaceous  reptilia.  <Proc.  Acad.  Nat  Sci.  Philad.,  voh  22, 
1868,  pp.  233-242. 
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CoPK,  £.  D.  On  the  fresh- water  origin  of  certain  sands  and  clays  in  New  Jersey. 
<Proc.  Acad.  Nat.  Set,  Pbilad.,  toI.  20, 1886,  pp.  157, 158. 

The  author  regards  the  Raritan  clays  aa  of  the  age  of  the  Dakota  group  (No.  1)  of  the 
upper  Missouri  River  section. 

GoPB,  E.  D.  On  some  species  of  Pythonomorpha  from  the  Cretaceous  beds  of  Kansas 
and  New  Mexico.     <[Proc.  Am.  Philos.  Soc,  vol.  9, 1870,  pp.  574-584. 

Cope,  £.  D.  On  the  fossil  reptiles  and  fishes  of  the  Cretaceous  rocks  of  Kansas.  <Ann. 
Rep.  U.  S.  Geol.  Survey  Terr,  for  1870,  pp.  385-^24.     1871. 

Cope,  £.  D.  Synopsis  of  the  extinct  batrachia,  reptilia,  and  aves  of  North  America. 
<Trans.  Am.  Philos.  Soa,  vol.  14, 1871,  pp.  1-252,  Pis.  1-14. 

This  work  contains  descriptions  of  many  Cretaceous  forms,  and  references  to  those  pre- 
viously published  are  given. 

Cope,  £.  D.  On  the  geology  and  paleontology  of  the  Cretaceous  strata  of  Kansas. 
<  Ann.  Rep.  U.  S.  Geol.  Surv.  Terr,  for  1871 ,  pp.  318-34a     1872. 

Cope,  £.  D.  On  theexistence  of  dinosauria  in  the  transition  bedsof  Wyoming.  <^Proc. 
Am.  Philos.  Soc.,  vol.  12, 1872,  pp.  481-483. 

The  discovery  of  Agathaumus  in  the  Laramie  strata  at  Black  Buttes.  Wyoming,  is  an- 
nounced, and  the  strata  there  assigned  to  the  Cretaceous.  This  appears  to  be  the  first  pub- 
lished reference  of  Laramie  strata  to  the  Cretaceous. 

CoPB.  E.  D.  [On  the  Cretaoeons  age  of  the  lignites  of  the  West.]  <Proc.  Acad.  Nat. 
Sci.  Philad. ,  vol.  26,  1874,  pp.  12,  13. 

The  author  asserts  the  Cretaceous  age  of  "the  lignitic  and  other  corresponding  forma- 
tions of  the  West;  "  these  strata  constitute  what  is  now  known  as  the  Laramie  group. 

Cope,  Edward  D.  Review  of  the  vertebrata  of  the  Cretaceous  period  fouud  west  of  the 
Mississippi  River.  <U.  S.  Geol.  and  Geog.  Survey  of  the  Territories,  Bull.,  vol. 
1  (first  series),  No.  2,  pp.  5-48.     1874. 

The  author  concludes  that  in  the  Laramie  period  a  Tertiary  flora  was  contemporaneous 
with  a  Cretaceous  fauna,  and  that  in  tlie  Itoeky  Mountain  region  there  was  "  no  real  pliya- 
ical  break  in  the  deposition  of  sediments  i)etween  the  well  marked  Cretaceous  and  Tertiary 
groups." 

Cope,  E.  D.  Report  on  the  vertebrate  paleontology  of  Colorado.  The  Cretaceous 
period.     <Ann.  Rep.  U.  S.  Geol.  Surv.  Terr,  for  1873,  pp.  431-454.    1874. 

In  this  report  the  author  discusses  the  mutual  relations  of  the  Cretaceous  and  Tertiary 
formations  of  the  West. 

Cope,  E.  D.  Synopsis  of  the  vertebrata  whose  remains  have  been  preserved  in  the  forma- 
tions of  North  Carolina.  Appendix  B,  report  of  the  Geol.  Surv.  N.  Carolina,  vol. 
1,  by  W.  C.  Kerr,  pp.  29-52  and  Pis.  5-8. 

Both  Cretaceous  and  Tertiary  vertebrates  are  described  in  this  paper. 

Cops,  E.  B.  On  the  transition  beds  in  the  Saskatchewan  district.  <Proc.  Acad.  Nat. 
Sci.  Phila.,  vol.  27, 1875,  pp.  9,  10. 

The  author  shows  ttiat  certain  vertebrate  remains  from  beds  now  known  as  Laramie 
indicate  relationship  with  both  the  Tertiary  and  Cretaceous. 

Cope,  E.  D.  The  vertebrata  of  the  Cretaceous  formations  of  the  West.  <U.  S.  Geo- 
logical Survey  of  the  Territories,  vol.  2.     4°.    pp.  302,  Pis.  i-LVir.     1875. 

The  author,  besides  describing  and  illustrating  a  great  number  of  vertebrates,  gives  a  chap- 
ter **  On  the  classification  and  distribution  of  the  Cretaceous  deposits.'*  He  includesall  the 
strata  now  known  as  Laramie  in  the  Cretaceous  and  concludes  that  during  that  period  a 
Tertiary  flora  and  a  Cretaceous  fauna  were  contemporaneous. 

Cope,  £.  D.  Report  on  the  geology  of  the  region  of  the  Judith  River,  Montana,  and 
on  vertebrate  fossils  obtained  on  or  near  the  Missouri  River.  <Bull.  U.  S.  Geol.  Surv. 
Terr.  No.  3,  pp.  565-598,  Pis.  30-34.     1877. 

The  author  refers  the  Judith  River  formation  of  M^ek  and  Uayden,  which  is  now  included 
tn  the  Laramie  ^oup,  to  (be  Cretaceous, 
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GuPK,  hZ.  D.     Fossils  of  the  Mesozoic  perio<ls;  with  asketcii  of  the  geology  of  the  Meao- 

zoic  and  Tertiary  beiis  of  northern  New  Mexico.     <Geog.  and  Geol.  Expl.  aDd 

Sarv.  West  of  the  100th  Meridian,  vol.  4^  part  2,  cliapter  xi.     1877. 

Id  the  Keolog^ical  skeioh  the  aulhor  rooojj^nisos  all  the  members  of  tUe  upper  MbBourf 
Cretaceous  aection  of  Meek  and  Haydcn. 

CoP£,  E.  D.  Ou  the  yertebrata  of  the  Dakota  epoch  of  Colorado.  <Proc.  Am.  Philos. 
Soc.,  vol.  17,  pp.  233-247  and  9  plates.    1877.    [See  note  accompanying  next  entry.; 

COPB,  E.  D.    On  the  sanrians  recently  discovered  in  the  Dakota  beds  of  Colorado.     <  Am. 

Nat.,  vol.12,  1878,  pp.  71-65. 

These  are  the  first  remains  of  that  kind  the  discovery  of  which  in  strata  of  the  Dakota 
KToup  was  announced  on  the  authority  of  Dr.  Hayden.  The  author  of  this  article  now 
believes  that  the  remains  in  question  came  from  Jurassic  and  not  Dakota  strata. 

Cope,  E.  D.     The  formations  of  the  Belly  River  of  Canada.     <Am.  Natnralist,  vol.  2t, 

1887,  pp.  171, 172. 

The  author  states  that  at  least  a  large  part  of  the  vertebates  of  the  Belly  River  grroup,  of 
which  numerous  species  are  know  n,  are  identical  with  Laramie  species. 

Cope,  Edwabd  D.  The  Mesozoic  and  Cenozoic  realms  of  the  interior  of  North 
America.     <  Am.  Naturalist,  vol.  21,  1887,  pp.  445-462. 

The  author  gives  his  view  of  the  paleontological  characteristics  of  the  Cretaceous  and 
its  divisions,  but  it  is  bnsed  ui>on  vertebrate  faunas  only. 

Cope,  E.  D.  Synopsis  of  the  vertebrate  fauna  of  the  Paerco  series.  <^TraDs.  Am. 
Philos.  Soc.,  vol.  16,  1888,  pp.  2i)8-361,  Pis.  4  and  5. 

On  patfe  300  the  author  gives  a  list  of  his  previous  publications  otmoeruiiiK  the  Pueroo 
strata. 

COTTKAU.  Note  sar  quelques  Echinides  da  terrain  ChStace  da  Mexiqae.  <Ball.  Hoc 
geol.  de  France,  vol.  18,  3«  serie,  pp.  292-299,  pi.  1  and  2. 

The  author  reports  a  part  of  the  specimens  as  coming;  from  tlie  same,  or  nearly  the  same, 
locality  in  Sonora  from  which  Ilcmond  olitained  his  Comanche  specimens.  He  thinks  these 
indicate  their  Aptien  age. 

CozzBNs,  IssACHAB,  Jr.  A  geological  history  of  Manhattan,  or  New  York  IsJa*jd, 
and  a  saite  of  sections,  tables,  and  columns,  pp.  111^  and  9  plates.  8^.  New 
York,  1843, 

The  author  says  of  the  "Greensand  or  New  Jersey  marl'*  that  "it  is  more  than  probable 
that  this  member  of  the  Cretaceous  f^roup  underlies  Long  Island.**  He  refers  to  the  discov- 
ery of  Exogifra  coaleUa  near  Brooklyn,  which  seems  to  be  the  case  mentioned  by  Merrill. 
Redfielcl  and  others. 

Cbbdnkr,   HsB^kiA^^x.      Die  Kreide  von  Now  Jersey.     <Zeitschrifl  der  deutschen 

geol.  Gesell.,  Jahr.  1870,  pp.  191-251,  and  map. 

Forty-two  species  from  the  New  Jersey  Cretaceous  are  siieclAcally  Identllled  with  those 
of  Senonlan  strata  of  north  Germany. 

Cboss,  Whitman.    The  Denver  formation.     <Am.  Jonr.  Sci.,  3d  ser.,  vol.  37,  1889, 

pp.  2G1-282. 

Tiie  characteristics  and  relations  of  the  formation  are  described. 

Dana,  Jamhs  D.  [Heview  of]  Geological  map  of  the  United  States,  compiled  for  the 
Ninth  [U.  S.]  Census  by  C.  H.  Hitchcock  and  W.  P.  Blake.  <Am.  Jour.  Sci.,  vol. 
6,  1873,  pp.  64-fi6. 

The  reviewer  claims  that  no  known  facts  warrant  the  mapping  of  the  north  side  of  Long 
Island  as  bein^;  occupied  by  Cretaceous  deposits. 

Dana,  James  D.  Manual  of  Geology;  Treating  of  the  Principles  of  the  Science  with 
Especial  Reference  to  American  Geological  History,  pp.  xivand  798.  8°,  and  map. 
New  York,  1880.    Third  edition. 

Davis,  W.  M,  Relation  of  the  coal  of  Montana  to  the  older  rocks.  <Tenth  Censas 
U.  S.,  vol.  15,  Report  on  the  MiuiDg  Industries  of  the  United  States,  pp.  697-737. 

188G. 

Tiie  author  shows  thai  coal  an;l  llisnile  bods  are  frequent  in  all  or  nearly  all  the  Cret»>> 
oeouB  formations  from  the  X>akota  to  tha  lAcamVe^  \ui:\miaV^«, 


wHiTK.]  ANNOTATED   BIBLIOGRAPHICAL  LIST.  3l 

Uawson,  G.  M.  Note  on  the  occarrence  of  ForaiuiDiliera,  Ckiccoliths,  etc,  in  the  Creta- 
ceous rocks  of  Manitoba.  <CaDadian  Naturalist,  new  series,  vol.  6,1874,  pp.  252- 
257. 

Theee  Protozoans  are  from  the  chalky  layers  of  the  equivalent  of  tho  Niobrara  i;roup  of 
the  Upi>er  Missouri  section.  ^ 

Dawson,  G.  M,    Report  on  the  Tertiary  lignite  formation  in  the  vicinity  of  the  forty - 
ninth  parallel.     ^British  North  American  Boundary  Commission,  Geological  Re- 
port of  Progress  for  the  year  1873.     8°.     Montreal,  187 1.     pp.  31,  Pis.  I  and  II. 
The  formation  reported  on  id  now  known  as  tlie  Larauiic. 

Dawson,  G.  M.     Report  on  the  Geo'o^jiy  and  KeriOiirees  of  tlio  Kej^idii  in  the  Vicinity 

of  the  Forty-ninth  PanUlel,  from  Ihu  L^ke  of  the  Woods  lo  the  ICucky  Moantains; 

with  lists  of  plants  and  animals  collected,  and  notes  on  tho  los^iis.     pp.  379,  with 

18  plates  and  3  maps.     Montreal,  1875. 

The  author  recognizes  in  this  work  all  the  members  of  the  Upper  Missouri  Cretaceous 
Motion  of  Meek  and  Haydcn,  from  No.  I  to  No.  5,  inclusive.  The  immediately  overlying:  for- 
mation now  known  ii<t  the  Laramie  is  called  tho  Western  Li^^iiite  formation,  and  he  con- 
(dudes  that  the  general  bearini;  of  all  tho  evidence  is  in  favor  of  its  Iikicene  Tertiary  age. 

Dawson,  Georok  M.     The  li^nitic  formations  of  the  West.     <^Canadian  Nat,  vol.  7, 

1875,  new  series,  pp.  241-252. 

The  author  advances  the  opinion  that  production  of  lignites  began  before  the  marine 
Cretaceous  waters  had  left  tho  Rocky  Mounkiin  area  nnd  continued  through  the  period  now - 
called  I^ramio.    The  latter  is  regarded  as  *' lowest  Tertiary." 

I>AWSON,  Groroe  M.     Report  on  explorations  in  British  Columbia.     <Geol.  Survey 

of  Canada,  Report  of  Pro;;res8  for  l«7r)-lH7G,  pp.  233-265.     1877. 

Refers  the  Cretaceous  rocks  near  Ttitlayoco  f^ke  to  the  horizon  of  the  Shasta  group  of 
Ciilifurnia.  Beds  of  tiie  **  Lignite  group  '*  come  above  these,  which  are  "  undoubtedly  Ter- 
tiary."    It  includes  the  (^ucsncl  insect  beds. 

Dawson,  G.  M.  General  note  on  the  mines  and  minerals  of  economic  value  of  British 
Colombia.  <Geol.  Surv.  Canada,  Report  of  Progress  for  l876-»77,  pp.  103-149. 
1878. 

Fuel-bearing  rcMks  of  British  Columbia  are :  "  1.  Cretaceous,  or  Cretaco- Jurassic  rocks 
of  Queen  Cliarlotlo  Islands,  etc,  holding  anthracite;  2.  Cretaceous  rocks  of  Vancouver 
Islands,  etc.,  with  bituminous  coal;  3.  Tertiary  rocks  with  bituminous  coal  and  lignite.'* 

Dawson,  G.  M.  Report  on  explorations  in  British  Columbia,  chiefly  in  the  basins  of 
the  Blackwater,  Salmon,  and  Necbacco  Rivers,  and  on  FranyOis  Lake.  <Geol. 
Sarv.  Canada,  Report  of  Progress  for  1876-»77,  pp.  17-94.    1878. 

The  author  mentions  tho  discovery  of  fossiiiferous  strata  on  the  Iltasyouco  River,  the 
place  of  which  i*  immediately  beneath  the  .Jackass  Mountain  group,  which  strata  '*  bridge 
to  some  extent  tho  gap  ordinarily  found  between  the  Cretaceous  and  Jurassic." 

Extensive  outflows  of  volcanic  rocks  in  tlie  western  part  of  both  Nortli  and  South  Amer- 
ica during  Cretaceous  time  referred  to  iudiscusaing  the  subject  of  this  report 

Dawson,  G.  M.  Preliminary  report  on  the  physical  and  geological  features  of  the 
southern  portion  of  the  interior  of  British  Columbia.  <Geol.  Survey,  Canada,  lie- 
port  of  Progress  for  1877-'78,  pp.  1-173B.     1879. 

The  occurrence  of  Lower  Cretaceous  rocks  on  the  Skagit  River  is  mentioned  and  a  table 
Is  given  wlilcli  shows  the  author's  views  as  to  the  relation  of  the  formations  of  British  Co- 
lumbia to  those  of  other  parts  of  North  America. 

Da wsoN»  Gbobg b  M  .  Sketch  of  the  geology  of  British  Col umbia.  <  Report  50th  meet- 
ing British  Ass'n  Adv.  ScL,  pp.  588,  589.  Also,  Canadian  Naturalist,  vol.  9,  n.  s., 
1880,  pp.  445-447. 

The  age  of  tho  Cretaceous  rocks  of  British  Columbia  is  stated  to  be  from  that  of  the  Upper 
and  Lower  Chalk  to  the  Upper  Neocomian.  **  Beds  equivalent  to  the  Chico  group  yield  the 
bituminous  coals  of  Nanaimo.  while  anthracite  occurs  in  tlie  somewhat  older  beds  of  the 
Queen  Cliarlotte  Islands.'*  The  Gretaoeous  rooks  are  of  groat  ihickneas  and  include  exten- 
sive contemporaneous  volcan  ic  beds. 


32  THE   CRETACEOUS.  Ibull.82. 

Dawson,  Gkorge.  M.  Report  on  the  Qaeeo  Charlotte  Islands.  <G^1.  Survey  of  Can- 
ada, Report  of  Progress  for  187&-*79,  pp.  1-101;  3  maps.     1880. 

Five  formations  of  Cretaoeoua  rooks  are  reoogaized,  instead  of  three,  as  was  done  by 
Riohardsun,  all  of  which  are  appareiilly  conformable,  and  one  of  which  bears  anihracile 
coal.  This  series  is  unconformably  overlain  by  Tertiary  deposits,  and  it  rests  unconform* 
ably  upon  Trlassic  rocks.    The  fossils  are  reported  on  by  Mr.  Whiteaves  (entry  on  page  — .) 

Dawson,  G.  M.     Note  on  the  geology  of  the  Peace  River  region.     <Ani.  Jonr.  Sci., 

vol.  21,  1881,  pp.  391-394. 

The  Dunvegan  sandstone,  which  has  since  been  re^rded  as  equivalent  to  the  Belly 
River  group,  is  also  regarded  by  the  author  as  equivalent  to  the  Niol>orar<i  group  of  Meek 
and  Hayden*8  Upper  Missouri  River  section.  It  is  spoken  of  as  "a  widely  extended  scries 
of  beds  of  Cretaceous  age.  persistently  holding  fresh-water  and  dstuarioe  types  of  mollusks 
and  land  plants,"  all  of  which  fossils  "closely  resemble  those  of  the  Laramie  group.** 

Dawson,  George  M.    On  the  Lignite  Tertiary  formation  from  the  Sonris  River  to  the 

one  hundred  and  eighth  meridian.     <^Greol.  Survey  of  Canada,  Report  of  Progress 

for  1879-1880,  pp.  12A  -49A. 

A  considerable  number  of  sections  are  given  in  this  article  which  show  the  prevalence  of 
strata  of  the  **  lignite  Tertiary,"  which  are  now  known  as  belonging  to  the  Laramie  group. 

Dawson,  Geoboe  M.  Report  on  an  exploration  from  Port  Simpson,  on  ihd  Pacific 
coast,  to  Edmonton,  on  the  Saskatchewan,  embracing  a  portion  of  the  northern  part 
of  British  Columbia  and  the  Peace  River  country.  <[Geol.  Snrvey  of  Canada,  Re- 
port of  Progress  for  1879-1880,  pp.  1B-157B.     1881. 

This  report  contains  descriptions  of  the  Cretaceous  rocks,  including  the  Laramie,  of  the 
region  traversed  ;  and  also  a  "comparative  table  of  Cretaceous  rocks,"  in  which  tlie  forma- 
tions of 'different  parts  of  British  America  are  compared  with  one  another  and  with  Kuro- 
pean  formations. 

Dawson,  G.  M.     Geology  of  British  Columbia.     <Geol.  Magazine,  December  2,  vol. 

8,  1881,  pp,  156-162  and  214-227. 

This  article  contains  general  descriptions  of  the  Cretaceous  formations  of  British  Colum- 
bia, and  also  a  small  geological  map  which  includes  Vancouver  island  and  extends  north 
to  the  parallel  of  55<^. 

Dawson,  G.  M.  Descriptive  note  on  a  general  section  from  the  I^nrentian  axis  to  the 
Rocky  Monntains.     <Trans.  Roy.  Soc.  Canada,  vol.  1,  1883,  sec.  4,  pp.  39-44. 

The  article  contains  a  plate  of  sections.  The  Cretaceous  formations  from  the  Benton  to 
the  Tjaramie,  inclusive,  are  discussed.  The  latter  name  is  now  used  instead  of  the  name 
**  Lignite  Tertiary,"  as  formerly. 

Dawson,  Geoboe  M.  Notes  on  the  more  important  coal  seams  of  Bow  and  Belly 
River  districts.     <Canadian  Nat.,  vol  10,  1883,  p.  423. 

The  author  shows  that  the  coal  beds  of  the  districts  named  occupy  various  horizons, 
ranging  from  the  base  of  the  Pierre  to  the  Laramie  formation,  inclusive. 

Dawson,  G.  M.  Note  on  the  geology  of  the  Peace  River  region.  <Canadian  Nataral- 
ist,  vol.  10,  new  series,  1883,  pp.  20-22. 

This  article  contains  statements  of  views  and  facts  similar  to  those  expressed  in  an  arti- 
cle under  the  same  title  in  the  American  Journal  of  Science.  (See  second  entry  on  this 
page.) 

Dawson,  George  M.  Preliminary  report  on  the  geology  of  the  Bow  and  Belly  River 
region,  Northwest  Territory,  with  special  reference  to  the  coal  deposits.  <GeoL 
Snrvey  of  Canada,  Report  of  Progress  for  1880,  '81,  '82,  pp.  1B-23B,  map,  2  plates. 
1883. 

A  table  of  the  formations  of  the  region  is  given,  showing  the  position  of  the  Belly  River 
beds  beneath  the  Fox  Hills  and  Pierre  strata.  The  existence  of  numerous  beds  of  coal  is 
shown  in  the  marine  Cretaceous  formations,  as  well  as  in  the  Laramie  and  Belly  River 
formations. 

Pawson,  G.  M.  Report  on  the  region  in  the  vicinity  of  the  Bow  and  Belly  Rivers, 
Northwest  Territory.  <Geol.  Snrv.  Canada,  Report  of  Progress  for  1882,  '83,  '84, 
pp.  1-169C,  and  maps.     1884. 

Three  division*  of  the  Laramie  are  recognized,  having  an  aggregate  thioknera  of  5,700 
feet.  The  equivalents  of  the  Fort  Pierre  and  Pox  Hills  groups  together  are  called  "  Pierre," 
f^if  are  ^hown  to  underUe  the  LaTa»m\«  «^u^  Vq  ^n^xW^  \Vx<^  lii«AV9  Bivec  series,  althvu^h  t^ 
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Dawson,  G.  M. — Continaed. 

latter  was  formerly  regarded  as  Laramie.  The  Belly  River  series  is  of  brackish- water  ori- 
gin beneath  and  of  fresh-water  origin  above.  The  total  thickness  is  910  feet.  It  resta  on  the 
'Mower  dark  shales,"  which  seem  to  bo  equivalent  to  the  Port  Beaton  group.  Coals  and 
lignites  are  abundant  from  the  base  of  the  Belly  River  series  to  the  top  of  the  Laramie,  in- 
elusive. 

Dawson,  Geoboe  M.  Chapter  on  Canada  in  Macfarlane's  Geo!.  Railway  Gnide  (pub- 
lished separately).     1885. 

Contains  tables  of  the  Cretaceous  formations  of  Manitoba  and  the  Northwest  Territory, 
and  of  British  Columbia. 

DAWSON,  G.  M.     Preliminary  report  on  the  physical  and  geological  features  of  that 

portion  of  the  Rocky  Mountains  between  latitudes  49°  and  51°  30^.     <^Geol,  Surv. 

Canada,  Ann.  Rep.  for  1885.     Montreal  iaS6.     pp.  1-169B,  and  maps.     1886. 

Sir  William  Dawson's  name,  Kootanic,  is  used  for  a  formation  found  in  the  eastern  folds 
of  the  Rocky  Mountain  range,  beneath  the  equivalent  of  the  Dakota  formation,  and  resting 
upon  Oarlx>uiferous  and  Devonian  rocks,  and  is  referred  to  the  lowest'Crctaoeous.  Coal  is 
found  in  its  ui»per  portion.  An  intercalation  of  voicanio  rocks  with  the  Dakota  strata  is 
believed  to  exist  in  this  district.  The  rocks  in  question  form  a  prominent  feature.  One  of 
the  Kootanie  species  of  plants  has  been  found  58U  miles  northwest  from  the  northern  limits 
of  the  Kootanie  district.  A  table  of  the  Cretaceous  rocks  of  the  district  is  given  in  this 
report. 

Dawson,  G.  M.  On  the  Canadian  Rocky  Mountains,  with  especial  reference  to  that 
part  of  the  rango  between  the  forty-ninth  parallel  and  the  headwaters  of  the  Red 
Deer  River,     <Canadian  Record  of  Science,  vol.  2,  1887,  pp.  285-300. 

The  flora  of  the  Kootanie  group  is  spoken  of  as  of*  Cretaceous  or  Cretaoeo-Jurassic  '*  age. 

Dawson,  G.  M.  Notes  to  accompany  a  geological  map  of  the  northern  portion  of  the 
Dominion  of  Canada  east  of  the  Rocky  Mountains.  < Ann.  Rep.  Geol.  Surv.  Canada 
for  1886,  pp.  1-62  R,  and  map.     1887. 

Dr.  Dawson  adds  to  these  notes  an  important  list  of  the  publications  he  has  consulted  in 
the  preparation  of  his  map. 

Dawson,  G.  M.  On  the  earlier  Cretaceous  rocks  of  the  northwestern  portion  of  the 
Dominion  of  Canada.     <Am.  Jour.  Sci.,  vol.  38,  1889,  pp.  120-127. 

The  author  shows  the  existence  of  Lower  Cretaceous  rocks  at  numerous  places  frbm  the 
northern  boundary  of  the  United  States  to  within  the  Arctic  Circle.  A  table  is  also  given 
in  which  the  author  expresses  his  views  as  to  the  correlation  of  the  Cretaceous  formations 
of  British  Columbia  with  those  of  other  portions  of  the  continent. 

Dawson,  G.  M.  Report  on  the  exploration  in  the  Yukon  district,  Northwest  Territory, 
and  adjacent  northern  portion  of  British  Columbia.  <Geol.  Surv.  Canada,  Ann. 
Report  of  Progress  for  1887-^88,  pp.  5-178  B,  and  map.     1889. 

Dr.  Dawson  reports  the  discovery  of  Lower  Cretaceous  deposits  at  numerous  places  from 
Northern  British  Columbia  to  wiliiiii  the  Arctic  Circle.  He  also  found  stratii  in  the  valley 
of  Lewes  River  bearing  I^ramie  species  of  plants. 

Dawson,  G.  M.  On  the  later  physiographical  geology  of  the  Rocky  Mountain  region 
in  Canada,  with  reference  to  changes  in  elevation  and  the  history  of  the  Glacial 
period.     <Trans.  Roy.  Soc,  Canada,  1890,  vol.  8,  sec.  4,  pp.  3-74,  and  3  plates. 

This  memoir  is  devoted  in  part  to  the  Crctaceousdepositsof  tho  region  discussed,  and  con- 
tains sketch  maps  illustrating  the  author's  views  as  to  tho  respective  areas  originally  oc- 
cupied by  the  Lower  Cretaceous,  Upper  Cretaceous,  and  Laramie. 

Dawson,  G.  M.  British  Columbia.  List  of  formations.  < American  Railway  Guide 
(Macfarlane),  2d  edition,  pp.  79-81.     1890. 

The  author,  in  addition  to  a  list  of  the  formations  of  British  Columbia,  gives  some  valu> 
able  notes  on  the  geology  of  the  province,  and  correlates  (ho  formations  which  occur  there 
with  those  of  tho  interior  region  of  British  America. 

Dawson,  G.  M.     Manitoba  and  Northwest  Territory.    List  of  geological  formations. 
<American  Railway  Gnide  (Macfarlane),  2d  edition,  pp.  74-78.     1890. 
Besi'^les  a  list  of  the  formations  the  author  gives  numerous  geological  notes. 

Pawson,  G.  M.;  A.  R.  C.  Sklwyn  and.     (See  Selwyn,  A.  R.  C,  and  G.  M.  Dawson.) 
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Dawson,  Sib  J.  W.    On  the  Cretaceous  and  Tertiary  floras  of  Bri  tish  Columbia  and  the 

Northwest  Territory.     Koyal  Soc  Canada,  Proc  and  Trans.,  vol.  1,  Trans.  Section 

4,  pp.  15-34,  plates  1-8.     1883. 

The  author  describes  and  figures  plants  from  the  **  Middle  and  Upper  Gretaoeous,"  and 
from  the  "  I^ramie  and  Tertiary ;  '*  and  discusses  the  relation  of  tlie  Laramie  to  tlie  Cre- 
taceous. A  table  of  correlation  of  Cretaceous  formation  in  various  parts  of  western  North 
America  and  iu  England  is  given  on  page  19. 

Dawson,  Sik  J.  W.    On  aouie  relations  of  geological  work  in  Canada  and   the  Old 

World.     <rran8.  lioy.  Hoc.  Canada,  1884,  vol.  2, sec  4, pp.  1-5. 

The  "insensible  gradation  upward  of  tlie  Cretaceous  into  the  Teriiary  **  is  mentioned  on 
pogeS,  where  It  is  also  slated  that  "our  lowest  Cretaceous  holds  a  striclly  Mesozoic  flora,  so 
far  as  known.*' 

Dawson,  Sik  J.  W.  On  the  Mesozoic  floras  of  the  Hocky  Mountain  r^ion  of  Canada. 
<Uoy.  Soc  Canada,  Proc.  and  Trans.,  1885,  vol.  3,  sec  4,  pp.  1-22,  Pis.  i-iv. 

The  name  Kuoltinie  is  i.rt/po&etl  for  a  lower  Cretaceous  formation,  and  lorty-:>eveu  species 
of  plants  are  dt.»cribed  Irum  it.  The  author  regards  it  lis  vorreDponding  to  tiie  Komeof 
Greenland,  and  willi  the  oMc»t  Kuro|H.  an  and  Asiatic  Crelavcuu^t  floras.  He  thinks  it  is  not 
newer  than  tlie  Sh.iata  group  of  Caliioritia  nor  tljaii  tbe  lower  sandstones  of  i^ueeu  Char« 
lotte  Islands.  Twe.vc  species  of  plftutsare  also  descril>ed  from  the  iieily  Uiver  and  Lara- 
mie formations. 

Da WSUN,  Siu  J.  W.  Cretaceous  fioraH  of  the  Northwest.  <Canadiau  Record  ot  Science, 
vol.  2,  1886,  pp.  1-U. 

The  author  gives  a  table  of  iloros  from  ilio  Kootanie  formation  to  i  he  Upper  Laramie  in> 
elusive.  The  Kootanio  is  reg.irdcd  '  asi  a  representative  of  the  Urgonian  or  Neucomian, 
or,  at  the  very  least,  us  not  newer  than  llio  .-th.utta  group  of  the  United  Status  guologista 
and  tlie  lower  sandstones  and  slialcs  of  the  Queen  Charlotte  Islands." 

Dawson,  Sib  J.  W.  On  the  fossil  plauu  of  ihe  Larauiie  formation  of  Canadu.  <CUoy. 
Soc  Canada  Trans.,  vol.  4,  sec  4,  It 87,  pp.  jy-34,  I'ls,  1,  2. 

The  author  discusseNtlic  extent  and  struligraphical  relations  of  tho  Laramie  formation, 
and  enumeraUrs  many  species  of  piants,  moiiof  whicii  were  previously  pii  nished.  He 
refers  to  the  fact  that  a  part  of  the  species  oi  plants  from  the  Belly  Uiver  group  are  identical 
with  Lower  Laramie  species. 

Dawson,  Sib  J.  W.  Notes  on  fossil  woods  from  the  western  territories  ol  Canada. 
<^Canadian  liecord  of  Science,  vol.  2,  1887,  pp.  499-502. 

The  author  expresses  the  view  that  "the  breaic  which  in  western  Europe  separates  the 
flora  of  the  Cretaceous  from  that  of  Mie  Eocene  does  not  exist  iu  America.*' 

Dawson,  Sib  J.  W.  Cretaceous  dorasof  the  northwest  lerritories  of  Canada.  <Am. 
Naturalist,  vol.  2,  Nov.,  1888,  pp.  933-939. 

Although  numerous  species  of  plauts  as  now  identified  are  common  to  the  Belly  River 
and  Laramie  formations,  the  autnor  thinks  that  in  these  cases  certain  specific  diflTereaces 
really  existed. 

Dawson,  Sib  J.  W.  On  fossil  plants  collected  by  Mr.  K.  A.  McConnell  on  Mackenzie 
River,  aud  by  Mr.  T.  C.  Westoj  ou  Bow  Uiver.*  <Trans.  Hoy,  Soc  Canada,  vol. 
7,  sec.  4,  1889,  i>p.  G9-71. 

The  author  refers  to  his  foruici:  similar  work  (see  next  preceding  entry),  gives  noteson  the 
geographical  distribution  of  the  species  collected,  and  points  out  the  strong  resemblance  of 
the  flora  from  Mackenzie  Hiver  to  that  of  the  Laramie.  He  also  expresses  the  opinion  that 
a  line  separating  the  Cretaceous  from  ihe  Tertia>'y  will  pass  between  the  Upper  and  Lower 
Laramie. 

De  Kay,  J.  £.  On  tbe  remaiu.s  of  extiuct  reptiles  of  the  genera  Mososaurns  and 
Gecsaurtis  found  in  the  secondary  foriuatiou  of  New  Jersey;  aud  on  tho  occnrrenoe 
of  the  substance  recently  named  coprolitc,  by  Dr.  Bucklaud,  in  the  same  locality. 
1830.     < Annals  N.  Y.  Lyceum  Nat.  I  Ii:.t ,  vol.  3,  pp.  134-141,  and  PI.  3. 

DiLLEB,  J.  S.     Coal  in  the  Chico  group  of  California.     <Sclence,  vol.  5,  1885,  p.  43, 

This  announcement  shows  that  the  Chico,  like  its  equivalent,  the  Xanalmo  group,  la  a 
ooal-bearing  fonnation. 
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DiLLEB,  J.  S.     Notes  on  the  geology  of  northern  California.     <Bnlletin  U.  S.  Geol. 

Survey  No.  3:i,  1886,  p.  2a 

The  author  tliacuases  the  condition  and  distribution  of  the  Cretaceous  roclcB  in  northern 
Oalifomia. 

DiLLBB,  J.  S.  Note  on  the  Cretaceoos  rocks  of  northern  California.  <Am.  Jonr.  Sci., 
▼oL  40,  1890,  pp.  476-478. 

Thia  artiole  contains  a  section  in  whidi  is  g^lven  a  thiclcness  of  3.1^  feet  for  the  Upper 
Cretaceous  and  26,081  feet  for  the  Lower,  malcing  a  total  of  29.978  feet 

DucATKL,  J.  T.  Annual  report  of  the  geologist  of  Maryland,  pp.  30,  8°,  and  2  maps. 
Annapolis,  1837. 

The  presence  of  Cretaceous  deposits  along  Sassafhis  River  is  noticed. 

Duncan,  P.  Martin,  and  G.  P.  Wall.  A  notice  of  the  geology  of  Jamaica,  espe- 
eially  with  reference  to  the  district  of  Clarendon,  with  descriptions  of  the  Creta- 
ceans.  Eocene,  and  Miocene  corals  of  the  islands.  <Quart.  Jour.  Geol.  Soc.  Lend., 
▼oL  21,  1884,  pp.  1-15. 

A  small  area  in  tiie  parish  of  Upper  Clarendon  is  shown  to  be  occupied  by  Cretaceous 
rocks.  The  existence  of  Cretaceous  rocks  upon  the  islands  of  St.  Thomas,  St.  Domingo, 
and  Trinidad  is  mentioned  or  suggr^sted. 

DuTTON,  C  £.  Keport  on  the  geology  of  the  high  plateaus  of  Utah.  <U.  S.Geog.  and 
GeoL  Survey  of  the  Rocky  Mountain  Region,  pp.  307,  4°,  with  atlas.    1880. 

The  Laramie  group  is  designated  as  a  Cretaceous  formation*  and  its  intimate  strati- 
graphical  relation  to  the  marine  Cretaceous  formations  is  noticed.  The  full  equivalent  of 
the  upper  Missouri  River  section  of  Meek  and  Hayden  exists  in  that  district,  but  only  the 
Di^ola  group  of  that  section  is  separately  reeognixed. 

EiGHWALD,  Edwabd  VON.  Die  Miocan  und  Ereideformation  yon  Alaska  und  den 
Aleutischen  Inseln.  <Geognost  Palaeont  Bemerknngen  ii.  d.  Halbinsel  Mangisch- 
lak  u.  d.  Aleutischen  Inseln,  pp.  88-200;  plates.    St  Petersburg,  1871. 

The  author  describes  many  Mesoxoio  fossils,  among  which  are  varieties  of  Aucellaoon- 
oentrioa,  which  he  refers  to  the  Neocomian. 

Eldbidob,  Geobge  H.  Montana  coal  fields.  <Report8  of  the  Tenth  Census  U.  S.,  vol. 
15,  pp.  739-757;  19  plates  of  sections  and  6  maps.    1886. 

The  author  states  that  coal  and  lignite  beds  are  numerous  in  the  Oretaoeons  formations 
of  Montana,  Including  the  Laramie  formation. 

Emmons,  8.  F.,  Abnold  Hague  and.    (See  Hague,  Arnold,  andS.  F.  Emmons.) 

Endlich,  F.  M.  Poet-Cretaceous  beds  of  Trinidad  region.  < Ninth  Ann.  Rep.  U.  S. 
Geol.  Surv.  Terr.,  pp.  192-215.     1877. 

Theauthorstates  that  the  formation  now  known  as  the  Laramie  is,  in  the  Trinidad  distriot, 
sometimes  found  resting  directly  upon  strata  as  low  in  the  series  as  those  of  the  Colorado 
formation,  implying  a  time  hiatus  and  probable  unconformity  there. 

Endlich,  F.  M.  Report  on  the  geology  of  the  White  River  district.  <n.  S.  Geol. 
and  Geogr.  Survey  of  the  Territories,  Tenth  Annual  Report  for  1876,  embracing 
Colorado  and  parts  of  adjacent  Territories,  pp.  61-131.    1878. 

Descriptions  and  sections  of  the  Cretaceous  formations  flrom  the  Dakota  to  the  Laramie, 
inclusive,  are  given  in  this  report. 

Endlich,  F.  M.    Report  on  the  geology  of  the  Sweetwater  district     <U.  S.  Geol.  and 

Geogr.  Survey  of  the  Territories,  Eleventh  Annual  Iteport  for  1877,  pp.  5-158. 

1879. 

This  report  contains  illustrations  and  descriptions  of  the  Cretaceous  formations  from  the 
Dakota  Qroup  to  the  Laramie,  inclusive. 

Evans,  John,  and  B.  F.  Shumard.  Descriptions  of  new  fossil  species  from  the  Creta- 
ceous formation  of  Sage  Creek,  Nebraska,  collected  by  the  North  Pacific  Railroad 
Expedition,  under  Gov.  J.  J.  Stevens.  <Proc.  Acad.  Nat.Sci.  Philad.,  vol.  7,  1854, 
ppi  163, 164. 

Fslix,  J.  and  H.  Lenk.  Beitrage  zur  Geologic  und  Palaeontologie  der  Republic  Mex- 
ico.    <Palaeontographica,  vol.  37,  1891,  pp.  117-194,  plates  22-30. 

This  work  embraces  a  discussion  of  the  Ecoloi^y  of  Cretaceous  depo&ll&  \1^  V.Vk.'^  t^a^A^\ 
Pnebla,  and  descriptions  ot  Cretaceous  fossils  from  the  sWVe«  ol  VuttYk^ak  «xAQ%3A»Bk« 
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Finch,  John.    Geological  essay  on  the  Tertiary  foriiiatious  of  America.     <  Am.  Jour. 
8ci.,  vol.  7,  1824,  pp.  31-43. 

On  pngo  32  this  author  rcrers  certain  deposits  in  the  Atlantic  and  Gulf  coatit  refnon  to  tkft 
"newer  Secondary,"  which  seema  to  be  Xhe  earliest  recognition  of  any  North  American 
deposits  as  representing  the  Cretaceous  of  the  Old  World. 

FISCHRB,  P.     Sur  qaelqaes  Fa^iles  de  T  Alaska.     <  Voyages  a  la  Cote  nord-onestde 
TAmeriqae,  par  Alpb.  L.  Pinart,  pp.  33-3G,  pi.  A.     Paris,  1875. 

Fontaine,  William  Morris.     The  Potomac,  or  younger  Mesozoic  flora.     Mouo^.  U. 

S.  Geol.  Snrvey,  vol.  15, 1889.     Text,  pp.  377.    Plates (boand separately),  180.    188i>. 

This  work  is  primarily  devoted  to  descriptions  and  figures  of  the  plants  of  I  he  Potoniac 

formation,  but  the  first  G2  pages  embrace  important  discussions  conoerning  its  structural 

geology. 

Gabb,  William  M.     Notes  on  some  fossils  from  the  gold-bearing  slates  of  Mariposa, 

with  descriptions  of  some  new  species.     <Proc.  Cal.  Acad.  Nat.  Sci.,  tol.  3,  1864, 

pp.  172, 173. 

Among  the  fossils  described  is  the  Lima  erringtonii  of  Qabb.  They  were  referred  by  him 
to  the  Jurassic,  but  those  strata  are  in  tliis  memoir  regarded  as  of  Cretaceous  age. 

Gabb,  William  M.     Geological  Snrvey  of  California.     Paleontology,  vol.  1,  section  i  v, 
1864.     Description  of  the  Cretaceous  fossils.    Pp.  55-236,  and  plates  $>-32. 

The  author  treats  all  the  fossils  of  the  Tejon  group,  as  well  as  those  of  the  Chioo  group, 
as  of  Cretaceous  nge^ 

Gabb,  William  M.    Keply  to  Conrad's  criticism  on  Gabb's  Report  on  the  Paleontology 
of  California.     <Am.  Jour.  Conch.,  vol.  2,  1866,  pp.  87-92. 

Mr.  Gabb  contends  for  thu  Cretaceous  age  of  tho  fossils  of  the  T6jon  group,  which  Mr. 
Conrad  had  asserted  to  be  of  Tertiary  age. 

Gabb,  William  M;    On  the  subdivisions  of  the  Cretaceous  rocks  of  California.     <Am. 
Jour.  Sci..  2d  ser.,  vol.  44,  1867,  pp.  226-229. 

The  paleontological  character Utics  of  the  strata  now  known  as  the  Chico-Tejon  series  are 
discussed  and  their  Cretaceous  age  confidently  asserted.  The  substance  of  this  article  also 
appears  in  the  California  Academy  of  Science  Proceedings,  volumes,  pp.  301-306. 

Gabb,  William  M.    Geological  Survey  of  California.     Palaeontology,  vol.  2,  section 
2,  1869,  Cretaceous  Fossils,  pp.  125-276,  and  plates  19-36. 

The  fossils  described  are  from  the  Chico-T<^jon  series  and  the  Shasta  group.  Included  in 
this  work  on  the  California  Cretaceous  fossils  the  author  gives  '*  Notes  on  some  Mexican 
Cretaceous  Fossils,  with  descriptions  of  new  species."  The  Mexican  fossils  are  from 
"near  Arivechi,  Sonora."    See  first  entry  on  p.  51. 

Gabb,  William  M.     Notice  of  a  collection  of  Cretaceous  fossils  from  Chihuahua,  Mex- 
ico.    <Proc.  Acad.  Nat.  Sci.  Phila.,  3d  ser.,  vol.  2, 1672,  pp.  263-265,  2  plates. 

These  fossils  seem  to  indicate  the  presence,  "at  a  place  called  Nugal,'*  of  equivalents  of 
both  the  Comanche  and  overlying  formations  of  the  Texas  section.  They  probably  were 
found  at  the  same  place  as  those  obtained  by  James  P.  Kimball.  See  seventh  entry  on 
page  41. 

Gabb,  William  M.    On  the  topography  and  geology  of  Santo  Domingo.     <Tran8,  Am. 

Philos.  Soc.,  Phila.  vol.  15, 1873,  pp.  49-259,  and  two  maps. 

Rocks  supposed  to  be  of  Cretaceous  age  are  mentioned  iu  this  work. 
Galeotti,  H.     Notice  sur  le  Calcaire  Cr6tac6  des  environs  de  Jalapa  an  Mexique. 

<Bull.  Soc  g^l.  de  France,  vol.  10, 1839,  pp.  32-39. 
Galeotti,  H.    See  Nyst,  II.,  and. 

Gardner,  J.  Starkib.     On  the  age  of  the  Laramie  formation  as  indicated  by  its  veg- 
etable remains.     <Am.  Nat ,  vol.  14, 1880,  pp.  565-569. 

Mr.  Gardner  says  of  the  flora  of  the  ''Great  Lignite,"  that  Is,  the  Larimie  group,  "  I  en- 
tertain no  doubt  whatever  that  it  is  of  the  age  of  our  MiddU  Eocene^  and  perhaps  partly  of 
our  Lower  Eocene." 
Gardner,  J.  Starrie.    On  the  relative  ages  of  the  American  and  English  Cretaceous 
and  Eocene  series.     <^Report  of  the  54th  meeting  of  tlie  British  Assoc  Adv.  ScL, 
London.     1885. 

The  author  advances  the  opinion  that  at  the  time  the  Dakota  group  was  deposited  an 
Eocene  flora  and  a  Cretaceous  fauna  coexisted.  He  is  inclined  to  accept  the  evidence  of 
the  plBtita  AS  o(  greater  value  than  any  oilier,  aud  to  regard  the  Dakota  aa  of  Sooene  age* 
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Geikib,  Archibald.    Text  book  of  Geology,  pp.  971,  8°.    New  York.     1882. 

QiBBES,  Robert  W.  Blemoir  oa  Mososaorus  and  three  allied  new  genera.  <Smith- 
sonian  Contributions  to  Knowledge,  vol.  2,  article  5,  pp.  14,  plates  1-3.     1851. 

The  fossils  discussed  in  this  memoir  are  from  the  Upper  Oretaceous  of  botli  the  Atlantic 
and  Gulf  border  regions. 

* 

Gilbert,  G.  K.,  A.  R.  Marvine,  E.  K  Howell,  Julks  Marcou,  and  O.  Loew. 
Geological  atlas  projected  to  illui^trate  geographical  explorations  and  sarveys  west 
of  the  100th  meridian  of  loogitade.     1873. 

The  reports  upon  which  this  atlas  is  based  are  contained  in  the  annual  and  final  reports 
of  the  surveys  above  indicated. 

Grgwinqk,  C.     Die  an  der  Westkiiatc  Nordamerika?  und  auf  den  Aleutischen  Inseln 
bisher  gefandeneu  fossileo  Tbier-  nod  PHauzen-Keste.     <^Verhand.  der  Russisch. 
kaiserlichen  mineral.  Gesells.,  1848,  1849.     St.  Petersburg.     1850. 

Hague,  Arnold,  and  S.  F.  Emmons.     Descriptive  Geology.     IT.  S.  Geol.  Expl.  Fortieth 

Parallel,  vol.  2,  pp.  890,  and  2G  plates.     1877. 

This  volume  contains  descriptions  of  the  Cretaceous  formations  of  the  region  borderins 
the  fortieth  parallel  from  the  Rocky  Mountains  to  California.  The  classiHcation  of  those 
formations  is  the  same  as  thnt  used  by  King  in  vol.  1. 

Hall,  Charl^  E.     The  geology  of  Philadelphia  Connty  and  the  soathem  part  of 

Montgomery  and    Backs.     <Second  Geol.  Sarv.  Penn.,  vol.  C6,  pp.  xx  and  145, 

1881. 

A  small  exposure  of  days  in  Bucks  County,  Pa,  now  referred  to  the  Potomac  formation,  is 
doubtfully  referred  to  the  Wealden. 

Hall,  Jambs.  Oeoloey  and  paleontology  of  the  boundary.  C^United  States  and  Mex- 
ican Boundary  Survey,  vol.  1,  1857,  pp.  101-140,  and  geological  map. 

The  author  discusses  the  then  known  Cretaceous  rocks  of  North  America  and  indf^tes 
the  correlation'of  some  of  those  of  the  f^reat  interior  area  with  those  of  the  Atlantic  and 
Gull  border  regrions.  His  map  shows  the  distribution  of  the  then  known  Cretaceous  rocks 
of  the  continent,  those  of  Vancouver  Island  only  being  at  that  time  known  to  exist  upon 
the  Pacific  coast.  He  notes  the  presence  of  Cretaceous  deposits  in  northwestern  Iowa  and 
at  various  localities  in  Minnesota,  and  shows  that  they  once  extended  as  far  north  as  the 
sources  of  the  Mississippi. 

Hall,  Jambs.  Observations  upon  the  Cretaceous  strata  of  the  United  States  with  ref- 
erence to  the  relative  position  of  the  fossils  collected  by  the  [Mexican]  Boundary 
Commission.     <Am.  Jonr.  Sci.,  2d  iser.,  vol.  24,  1857,  pp.  72-86. 

The  Cretaceous  deposits  of  the  Atlantic  coast,  Qulf  coast,  Texas,  and  interior  regions  are 
discussed  and  their  correlation  indicated. 

Hall,  Jambb.    Notes  upon  the  geology  of  some  portions  of  Minnesota,  from  St.  Paul  to 

the  western  part  of  the  State.     <Trans.  Am.  Philos.  Soc.,  n.  s.,  vol.  13,  1867,  pp. 

329-339. 

The  author  announces  the  existence  of  Cretaceous  deposits  at  several  localities  in  the 
valley  of  Minnesota  River  and  in  the  adjacent  districts. 

Hall,  James,  and  F.  B.  Meek.  Descriptions  of  new  species  of  fossils  from  the  Cre- 
taceous formations  in  Nebraska,  with  observations  on  BaeulUea  ovatua  and  B,  eom- 
pre88U3,  and  the  progressive  development  of  the  septa  in  Baculite»  ammorUtea  and 
Scaphites,  <Mem.  Am.  Acad.  Arts  and  Sci.,  vol.  5,  new  ser.,  1856,  pp.  379-411,  8 
plates. 

A  section  of  the  Cretaceous  formations  along  the  Missouri  River  is  given,  but  the  article 
is  mainly  paleontological.  The  region  called  "  Nebraska  **  is  now  a  part  of  both  South  and 
North  Dakota. 

Harlan,  Kichard.  On  an  extinct  species  of  crocodile  not  before  described.  <Jour. 
Acad  Nat.  Soi.,  Philad,  vol.  4,  1824,  pp.  15-21,  plate  1. 

The  remains  described  are  from  the  Greensand  of  Kevr  3Qt«A7. 
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Harlan,  Richard.  Notice  of  the  discovery  of  the  reiuaius  of  the  ichthyoeaaraa  in 
Missouri,  N.  A.     <Tnns.  Am.  Philos.  Soc.  Pbilad.,  vol.  4,  1834,  pp.  405-409,  pL 

XXX. 

Prof.  Cope  refers  this  form  to  Mosasaums,  and  thinks  it  came  from  No.  4  of  the  Cretace- 
ous seotion  ot  Meek  and  Hayden. 

Harpkr,  L.  Preliminary  report  on  the  Ktwlogy  and  agricnitare  of  the  State  of  Missis- 
sippi, pp.  1-.'i50,  maps.      8°.     Jackson,  1857. 

The  author  divides  the  Cretaceous  of  Mississippi  into  two  groups,  the  upper  called  tlie 
"calcareous,**  and  the  lower  the  '* (clauconitic "  (j^roup.    The  Eutaw  ffroup  of  Hilgardhe 

licHeves  in  cither  "  Pcriiiiiin  or  Triussio.*' 

Hay,  O.  p.     The  northern  limit  of  the  Mesozoic  ro<!ks  in  Arkansas.    <Ann.  Rep.GeoL 

Survey  of  Arkansas  for  1888,  vol.  2,  1Sh8,  pp.  2C 1-200. 

The  limit  of  the  formations  referred  to  by  the  author  is  shown  on  the  map  aocompansring 
*  the  above-named  report,  and  is  described  in  the  text. 

Hay,  Robert.  A  geological  reconnaissance  in  Southwestern  Kansas.  Bnll.  U.  S.  Geol. 
Snrvey  No.  57,  pp.  49,  and  one  geological  map.     1890. 

The  author  briefly  discusses  the  Cretaeeousdeponits  of  southwestern  Kansas,  recognizing 
the  Dakota,  Port  Benton,  and  Niobrara  groups  of  the  upper  Missouri  River  section. 

Hayden,  F.  v.  Notes  explanatory  of  a  map  and  section  illustrating  the  geological 
structure  of  the  country  bordering  the  Missouri  River  from  the  month  of  the  Platte 
River  to  Fort  Benton,  in  latitnde47°  30^  N.,  longitude  110®  30^  W.  <Proc  Acad. 
Nat.  Sci.  Philad.,  vol.  9,  185H,  pp.  109-116,  and  map. 

The  region  described  was  then  known  as  Nebra.<)ka  Territory  and  contained  the  present 
States  of  Kansas,  Nebraska,  South  Dakota,  North  Dakota,  and  part  of  Montana.  The  form* 
ations  formerly  published  by  Meek  and  Hayden  arcr'described,  and  the  strata  now  known 
as  Laramie  are  referred  to  the  Tertiary. 

Hayubn,  F.  v.     Geological  sketch  of  the  estuary^  and  fresh-water  deposit  forming  the 

Badlands  of  Judith  River.      <Trans,  Am.  Philos.  Soc,  vol.  11,  1859,  pp.  12l-i:». 
^  The  deposits  described  by  the  author  are  now  regarded  as  a  part  of  the  Laramie  formation. 

Hayden,  F.  V.  On  the  geology  and  natural  history  of  the  upper  Missouri,  with  geo- 
logical map.     <Trans.  Am.  Philos.  Soc,  vol.  12,  1862,  pp.  1-218. 

Dr.  Hayden  gives  a  general  section  of  tho  Cretaceous  formations,  and  a  table  showing  the 
vertical  range  of  their  fossils. 

Hayden,  F.  V.  [On  an  extensive  chalk  deposit  on  the  Missouri  River.  ]  <Proc  Acad. 
Nat  Sci.  Philad..  vol.  18,  1866,  p.  314. 

The  author  mentions  the  presence  of  chalk  in  the  Niobrara  group  of  the  upper  Miaaouri 
section. 

Hayden,  F.  V.     Remarks  on  the  Cretaceous  rocks  of  the  west  known  as  No.  1,  or  the 

Dakota  group.     <Am.  Jour.  Sci.,  2d  ser.,  vol.  43,  1867,  pp.  171-179. 

This  article  is  devoted  mainly  to  a  demonstration  of  the  Cretaceous  age  of  the  strata  in 

question. 

t 

Hayden,  F.  V.  Notes  on  the  lignite  deposits  of  the  West.  <Am.  Jour.  Sci.,  2d  ser.*, 
vol.  45,  pp.  198-208.  U.  S.  Geol.  Survey  of  the  Territories,  first  annual  report,  em- 
bracing Nebraska.     1867. 

The  lignite-bearing  (teds,  which  are  now  known  as  belonging  to  tiie  Laramie  formation, 
are  regarded  by  the  author  as  certainly  of  Tertiary  age. 

Hayden,  F.  V.    Sections  of  strata  belonging  to  the  Bear  River  group,  near  Bear  River 

City,  Wyoming.     < Am.  Phil.  Soc.  Proc,  vol.  11,  1871,  pp.  420-425. 

These  sections  include  strata  which  are  exposed  in  the  valley  of  Sulphur  creek.  Just  above 
its  confluence  with  Bear  River,  near  the  site  of  a  temporary  village  called  Bear  River  City, 
of  which  not  a  house  now  remains.  They  embrace  marine  Cretaceous  strata  as  well  as 
those  which  have  since  received  the  nam^  of  Bear  River  Laramie. 

Hayden,  F.  V.     Geology  of  the  Missouri  Valley.     < Preliminary  report  of  the  U.  S. 

Geol.  Snrvey  of  Wyoming  and  portions  of  contiguous  Territories,  pp.  8:^188.     1872. 
The  section  previously  published  jointly  by  the  author  and  Mr.  Meek  is  here  repeated, 
and  an  attempt  is  made  to  correlate  the  formations  with  those  of  Europe. 


/ 
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Haydkn,  F.  V.    [Remarks  on  the  age  of  the  ligniticgroap.]    <n.  S.  Geol.  and  Geog. 

Surveyor  the  Territories,  Bull.,  vol.  1,  first  series,  No.  2,  pp.  1  and  2.     1875. 

The  author  states  that  up  to  this  time  he  had  **  rogarUed  the  entire  Lignltic  proup  of  the 
west  as  of  Tertiary  age."  He  now  anuouuoes  that  at  several  looalitiescoal  lias  been  found 
among  the  marine  Cretaceous  strata. 

Haydbn,  F.  V.  Remarks  on  ligaitic  formation  of  the  West  <U.  S.  Geol.  Survey  of 
the  Territories,  vol.  7,  1878,  pp.iii-ix,  Contribations  to  the  Fossil  Flora  of  the 
Western  Territories,  part  2,  the  Tertiary  Flora.     1878. 

The  author  adheres  to  his  opinion  that  the  "  lignitic  group  **  (Laramie)  is  of  Tertiary  age. 

Uatobn,  F.  v.;  F.  B.  Meek  and.     (See  Meek,  F.  B.,  and  F.  V.  Hayden,) 

Hbctob,  Jamr&  On  the  geology  of  the  country  between  Lake  Superior  and  the  Pa- 
cific Ocean  (between  the  forty-eighth  and  fifty-fourth  parallels  of  latitude),  visited 
by  the  Government  exploring  expedition  under  the  coniniau<l  of  Capt.  J.  Palliser. 
<^Quart.  Jour.  Geol.  Soc  Lend.,  vol.  17,  18(il,  pp.  :^88-445,  and  map. 

This  article  contiiiiiH  a  "acetic:!  of  tiie  Cretaceous)  system  tis  dcvulop«<I  in  Jiritisli  North 
Amerioi,*'  together  with  otlicr  Nortli  American  sections  for  coinimrlsion,  Tlic  aultior  also 
sliows  tlic  Crctaceou.H  ago  of  tlic  coal-l>cariiig  strata  at  Nanaiiuo,  Vancouver  Island,  which 
seems  to  be  the  Arat  publishe«l  statement  of  tliat  fact. 

Hbilpbin,  Akgklo.  On  the  age  of  the  Tejou  roc>.ksof  California,  and  the  occurrence  of 
Animonitic  remains  in  Tertiary  deposits.  <Proc.  Acad.  Nat.  Sci.  Pbilad.,  vol.  .'M, 
1883,  pp.  196-214. 

The  autlior  reaches  the  conclusion  that  the  T^on  group  of  the  Calif  jmia  geolot:tatti  in  of 
EUiceno  rige. 

Hkilpbin,  Anoelo.    The  geology  and  paleontology  of  the  Cretaceous  deposits  of  Mex  ico. 

<Proc.  Acad.  Nat.  Sci.  Philad..  1890,  pp.  445-4G9,  and  3  plates. 

The  author  states  tbat  **  Cretaceous  deposits  cover  or  are  scattered  over  the  greater  part 
of  Mexico  from  the  Atlantic  plains  to  the  Paoitio,  and  from  the  Rio  Orande  to  or  through 
theStatesof  Colima,  Michoacan,  Guerrero,  and  Oaxaca.  Tliese  deposits  are  continuous  witli 
the  Cretaceous  area  of  the  interior  basin  of  the  United  States,  and  are  largely  the  equiva- 
lents in  age  of  the  de)>osits  which  are  represented  in  Texas  and  In  the  otiier  Gulf  States.** 

Hebb,  Oswald.  [In  a  letter  from  Leo  I/caquerenx  to  J.  D.  Dana.  ]  On  fossil  plants  col- 
lected by  Dr.  John  Evans  at  Vancouver  Island  au'l  at  Bellinghani  Hay,  Washing- 
ton Territory.     <Am.  Jour.  Sci.,  2d  ser.,  vol.  28,  1859,  pp.  85-89. 

The  opinion  is  advanced  by  Prof.  Ilerrthat  the  plants  from  the  coal-bearing  strata  of  Van- 
couver Island,  now  known  to  be  Crotaoeous,  are  of  Mioeeiie  age.  lie  also  states  his  opin- 
ion that  the  plants  collected  from  the  Dakota  formation  are  of  Tertiary  and  not  of  Creta- 
ceous age. 

Hkbb,  Oswald.  Keply  to  Dr.  Newberry  on  the  age  of  the  Nebraska  leaves.  <Aiu. 
Jour.  Sci.,  2d  ser.,  vol.  31,  1861,  pp.  435-440. 

The  leaves  referred  to  are  from  the  Dakota  formation,  and  the  author  defends  his  previ- 
ously expressed  opinion  tliat  they  are  of  Tertiary  and  not  of  Cretaceous  age. 

Hicks,  L.  £.  The  Dakota  group  south  of  the  Platte  Uiver  in  Nebraska.  <Proc  Amer. 
Assoc'n  Adv.  Sci.,  vol.  34,  1886,  pp.  217-219. 

The  Dakota  formation  is  announced  as  occupying  5,000  square  miles  in  Nebraska.  The 
discovery  of  marine  fossils  in  Jefferson  County  is  also  announced,  but  upon  subsequent  ex- 
amination they  are  found  to  be  brackish*water  forms  commingled  ^vith  Uuiones  and  other 
fresh-water  mollusca. 

Silgabd,  Euobnb  W.  Report  on  the  Geology  and  the  Agriculture  of  the  State  of 
MisBiasippi,  pp.  389,  8^  and  plates  and  maps.     1860. 

The  author  divides  the  Cretaceous  or  Mississippi  into  four  divisions;  the  lowest  he  calls 
the  Butaw  group,  and  the  others,  respectively,  Tombigbee  sand,  Rotten  limestone,  and 
Kipley  groups. 

Hiloabd,  EuaKNK  W.  On  the  Geological  History  of  the  Gulf  of  Mexico;  with  a  map. 
<  Am.  Jour.  Sci.,  3d  ser.,  vol.  2,  1871,  pp.  391-404. 

The  author  here  republishes  his  Cretacootis  section  of  Mississippi.  He  thinks  the  Creta- 
oeoua  of  Arkansas  ia  mostly  confined  to  the  equivalent  of  the  Rotten  limestone. 
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Hill,  Robert  T.    The  Texas  section  of  the  Amencan  Cretaceous.    <Am.  Jour.  Sci., 

3d  sen,  vol.  34,  1887,  pp.  287-309. 

The  Cretaceous  formations  of  Texns  are  described,  and  their  relations  with  those  of  other 
parts  of  North  Amerioa  and  of  Europe  are  discussed. 

Hill,  Robert  T.    The  Topography  aud  Geology  of  the  Cross-Timbers  and  surrouod- 

ing  regions  in   Northern  Texas.      <Am.  Jour.  Sci.,  3d  ser.,  vol.  33,  1887,  pp. 

291-303,  plate  6. 

A  section  of  the  Cretaceous  formations  of  Texas  is  griven,  showing  their  tazoaomic  posi- 
tion with  relation  to  one  another. 

Hill,  Robert  T.     The  Neozoic  Geology  of  Southwestern  Arkansaa     <Anu.  Itep. 

Geol.  Survey  Arkansas  for  188B,  vol.  2,  1888,  pp.  1-260. 

The  Tertiary  formations  are  described  in  the  text,  and  the  ascertained  Cretaceous  areas 
are  shown  on  a  map  accompanying:  the  volume. 

Hill,  Robert  T.     Geol.  Survey  of  Texas,  Bulletin  No.  4.     A  Preliminary  Annotated 

Check  List  of  the  Cretaceous  Invertebrate  Fossils  of  Texas,  pp.  i-xxxi  and  1-57. 

8°.     Austin.  1890. 

This  bulletin  contains,  besides  lists  of  fossils,  the  author's  classification  of  the  Cretaceous 
formation  s  of  Te  xas. 

Hill,  R.  T.     A  brief  description  of  the  Cretaceous  rocks  of  Texas,  and  their  economic 

value.     <Fir8t  Ann.  Rep.  Geol.  Snrv.  Texas  for  1889,  1890,  pp.  lOa-141. 
The  Cretaceous  section  of  Texas  is  given  in  tabular  form  on  pages  132  and  183. 

Hind,  Henry  Youle.  The  Northwest  Territory.  Reports  of  Progress,  together  with 
Preliminary  and  General  Report  on  the  Assinniboine  aud  Saskatchawan  Exploring 
Expedition.  4°.  Toronto,  1859.  Another  edition  of  this  report  was  published  in 
London  in  1860. 

The  large  region  drained  in  part  by  the  Saskatchawan,  now  knowu  to  be  occupied  mainly 
by  the  Laramie  formation,  is  reported  as  being  occupied  by  the  Cretaceous.  Marine  Cre- 
taceous formations  are  also  recognized  in  the  same  region,  fossils  from  which  are  described 
by  Mr.  Meek.    See  third  entry  on  page  45. 

Hitchcock,  C.  H.  Note  on  the  Cretaceous  strata  of  Long  Island.  <^Proc  Am. 
Assoc'n  Adv.  Sci.,  vol.  22,  1873,  pt.  2,  p.  130. 

The  author  explains  his  reason  for  coloring  a  large  part  of  Long  Island  upon  the  geo- 
graphical map  which  he  had  previously  published  as  being  occupied  by  Cretaceous  de- 
posits. 

Hitchcock,  C.  H.  Geological  map  of  the  United  States  and  part  of  Canada.  Com- 
piled for  the  American  Institute  of  Mining  Engineers.     1886. 

This  map  is  largely  based  upon  the  one  compiled  by  W  J  McGee  and  published  in  the 
Fifth  Annual  Report  of  the  U.  S.  Geological  Survey.    1884. 

Hitchcock,  C.  H.,  and  W.  P.  Blake.  Geological  map  of  the  United  States,  com- 
piled for  the  Ninth  Census.     1872. 

Hitchcock,  Edwabd.  lieport  on  the  geology  of  Massachusetts.  <Am.  Jonr.  Sci., 
vol.  22,  1833,  pp.  1-70. 

Existence  of  Cretaceous  deposits  on  the  island  of  Martha's  Vineyard  suggested. 

Hitchcock,  Edward.  Final  report  on  the  geology  of  Massachusetts;  yol.  1,  pp.  299, 
4°,  map  and  14  plates;  vol.  2,  1841,  pp.  831,  and  55  plates. 

Prof.  Hitchcock,  speaking  of  the  strnta  exposed  at  Gay  Head,  Martha's  Vineyard,  sug- 
gests that  some  of  them  contain  material  which  consists  of  *' ruins  of  *  *  *  the  green 
sand  and  clay  of  Che  Cretaceous  formation.'*    See  vol.  2,  p.  423. 

HoDOE,  James  T.  Observations  on  the  Secondary  and  Tertiary  formations  of  the  South- 
em  Atlantic  States.     <Am.  Jour.  Sci.,  vol.  41,  1841,  pp.  332-343. 

The  author  mentions  the  existence  of  Cretaceous  deposits  at  Wilmington  and  along  Cape 
Fear  River  in  North  Carolina. 

Holmes,  W.  H.  Report  on  the  northivestern  portion  of  the  Elk  Range.  <n.  S.  Geol. 
and  Geogr.  Survey  of  the  Territories,  Eighth  Annual  Report  for  1874,  embiacingCol- 
orado  and  adjacent  Territories,  pp.  59-71.     1876. 

Sections  of  the  Cretaceous  formations  from  the  Dakota  to  the  Laramie,  inclusive,  are 
given  in  this  report. 
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Holmes,  Willtam  H.  Report  as  );eolotj;ist  of  the  Sjin  Jaao  division.  <n.  S.  GeoL 
and  Oeogr.  Surrey  of  the  Territories,  Ninth  Annual  Report  for  1875,  embracing  Col- 
orado and  parts  of  adjacent  Territories,  pp.  237-276.     1877. 

Several  seotioos  of  the  strata  of  the  roftion  of  San  Juan  River  are  given,  showing  the  Cre- 
taceous forniAt^onA  from  the  Dakota  to  the  Laramie  formation,  inclusive. 

HowKLL,  Edwin  E.  Report  on  the  geology  of  the  portions  of  Utah,  Nevada,  Arizona 
and  New  Mexico,  examined  in  1872  and  1873.  <  Report  Gkogr.  and  Oeol.  Expl. 
and  Snrveys  west  of  the  one-hundredth  meridian,  by  G.  M.  Wheeler,  vol.  3,  Geol- 
ogy, pp.  227-264.     1875. 

Only  a  brief  aooount  of  the  Cretiiceou9  formation  is  g^iven  in  tliis  report. 

Howell,  Edwin  E.    See  entry  third  on  page  37. 

Jambs,  Thomas  P.  Handbook  of  the  State  of  Georgia,  accompanied  by  a  geolosical 
map  of  the  State.     1876. 

The  map  shows  that  a  oomparatlvely  small  area  bordering  the  Cliattahooche  River,  and 
extending  eastward  less  than  50  miles,  is  oooupied  by  Cretaceous  deposits. 

Johnson,  Lawbencr  C.,  Eugbnb  A.  Smith  and.  (See  Smith,  Engene  A.,  and 
Lawrence  C.  Johnson.) 

Kerb,  W.  C.    Report  of  the  Geological  Surrey  of  North  Carolina,  vol.  1,  pp.  325,  8^  and 

map  with  sections.     Also  4  appendices  with  7  plates,  the  first  by  T.  A.  Conrad,  the 

second  by  E.  D.  Cope,  the  third  by  F.  A.  Genth,  and  the  fourth  by  C.  D.  Smith.     1875. 
The  map  shows  the  few  small  areas  known  to  l)e  occupied  by  the  Cretaceous,  and  the 
section  shows  its  relations  to  otner  deposits. 

Kimball,  Jambs  P.  Notes  on  the  K^ology  of  Western  Texas  and  of  Chihuahua,  Mex- 
ico.    <Am.  Jour.  Sci.,  vol.  48,  18G9,  pp.  378-388. 

The  author  notices  strata  containing  Texan  Cretaceous  fossils  which  he  found  at  the  base 
of  the  Sierra  Nogal,  20  miles  from  Presidio  del  Norte,  on  (he  Chihuahua  road.  They  ap- 
parently come  from  the  same  locality  as  those  noticed  by  Qsbb.    See  ninth  entry  on  page3G. 

Kino,  Clarence.  Geological  and  Topographical  Atlas  accompanying  the  report  of 
the  Geological  Exploration  of  the  fortieth  parallel.    1876. 

The  geological  sheets  of  tliis  atlas  contain  results  of  the  work  of  Arnold  Hague  and  S 
F.  Emmons,  besides  those  of  Mr.  King's  worlc  The  ea«ft  half  of  map  3,  which  was  Issued, 
separately  in  1875,  contains  the  first  announcement  of  King's  classifioation  of  the  Cretace- 
ous formations,  and  the  first  use  of  the  name  '*  Laramie  Group."    See  next  entry. 

KiNQ.  Clarence.  U.  S.  Geological  Exploration,  Fortieth  Parallel,  vol.  1 ,  Systematic 
Geology,  pp.  803  and  plates.      1878. 

The  equivalents  of  Nos.  2,  3,  and  4,  of  the  Upper  Missouri  Cretaceous  section  of  Meek  & 
Hayden  are  joined  together  under  the  name  of  Colorado  group;  and  the  strata  now  known 
as  Laramie  is  assigned  to  the  Cretaceous,  as  was  done  by  this  autliorin  vol.  8. 

Kloos,  J.  H.  A  Cretaceous  basin  in  the  Sauk  Valley,  Minnesota.  <Am.  Jour.  Sci., 
3d  ser.,  vol.  3,  1872,  pp.  17-26. 

A  deposit  more  than  70  feet  in  thickness  is  described,  which  apparently  represents  the 
Benton  division  of  the  Upper  MiMouri  River  section. 

Knowlton,  F.  H.  Fossil  Wood  and  Lignite  of  the  Potomac  formation.  <Bull.  U.  S. 
Geol.  Survey  No.  56,  pp.  72  and  7  plates.     1889. 

Professor  Knowlton  de«cril>«>s  an  1  fi<fiire74  six  specie<)  based  on  the  microscopic  character 
of  the  fossilized  wood,  and  briefly  diHCiiases  the  formation  geologically. 

LeConte,  Joseph.  Elements  of  Geology.  A  text-book  for  colleges  and  for  the  gen- 
eral reader.    1882. 

Leidt,  Joseph.  Extinct  vertebrata  from  the  Judith  River  and  great  lignite  forma- 
tions of  Nebraska.  <Tran8.  Am.  Philos.  Soc,  vol.  11,  1859,  pp.  139-134,  map 
and  3  plates. 

These  vertebrate  fossils  are  from  the  Judith  River  strata  described  by  Dr.  Hayden.  All 
these  straUb  are  now  included  in  the  Laramie  group. 
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Leidy,  Juskph.  Creiaceoas  reptiles  of  the  United  States.  <3mithaoDiaD  Contriba- 
tioDS  to  EnowledKe,  vol.  14,  1865,  pp.  135,  plates  i-xx. 

The  fossils  described  in  this  memoir  are  mainly  from  New  Jersey,  but  some  are  from  the 
Oulf  coast  and  the  interior  regions. 

Leidy,  Joseph.  Descriptioo  of  remains  of  reptiles  and  fishes  from  the  Cretaceous  for- 
mations of  the  interior  of  the  United  Stntes.  <Contribations  to  the  Extinct  Ver- 
tebrate Fauna  of  the  Western  Territories.  U.  S.  Geol.  Surv.  Terr.,  vcl.  I,  pp.  266- 
310.     1873. 

A  few  of  the  forms  noticed  or  deiicribed  in  this  work  are  from  the  Atlantic  and  Qalf 
Border  reirions. 

LsNK,  II.     See  Felix  J.  and  H.  Lenk. 

Lbsquebeux,  Lsa  On  some  fossil  plants  of  recent  formations.  <Am.  Jonr.  ScL,  ad 
ser.,  vol.  27,  1859,  pp.  359--366. 

Tlie  author  refers  the  fossil  plants  collected  by  Dr.  John  Evans  from  the  coal-bearing 
strata  at  Nanalmo,  Vancouver  Island,  to  the  Miocene.  They  are  apparently  the  same,  at 
least  in  part,  as  those  which  are  now  known  to  be  of  Cretaceous  aire. 

Lbsquebeux,  Leo.  On  the  discordance  in  the  characters  of  the  £nropean  and  Amer- 
ican flora  at  the  Tertiary  and  Cretaceons  epochs.  <Ann.  Rep.  U.  S.  Geol.  Snrv.  Terr, 
for  1870,  1871,  pp.  :n7-385. 

The  author  states  that  the  development  of  botanical  types  progressed  at  a  more  rapid  rate 
in  North  America  than  elsewhere. 

Lesqubebux,  Leo.     Fossil  flora.     <  Ann.  liep.  U.  S.  Geol.  Sarv.  Terr,  for  1871,  pp.  283- 

3ia     1872. 

Both  Cretaceous  and  Tertiary  species  are  described.  Some  Ltaramie  species  are  inoiaded 
in  the  latter.  He  states  that  the  Cretaceous  and  Tertiary  floras  of  North  America  are  inti- 
mately related. 

Lbsquebeux,  Leo.  Lignitic  formation  and  fossil  flora.  <U.  S.  Geol.  and  Geogr.  Sur- 
vey of  the  Territories,  embracing  portions  of  Montana,  Idaho,  Wyoming,  and  Utah. 
Sixth  Annoal  Report  for  1872,  pp.  317-427.     1873. 

The  author  regards  the  formation  now  known  as  the  Laramie  as  of  Bocene  age. 

Lbsquebeux,  Leo.    Contribations  to  the  fossil  flora  of  the  Western  Territories,  part  1, 

the  Cretaceons  Flora.    <  Report  of  the  U.  S.  Geol.  Sonr,  Terr. ,  vol.  6,  pp.  136,  plates 

l-XXX.    1874. 

The  author  diacusMS  at  length  the  relation  of  the  fossil  plants  of  the  Dakota  to  those  of 
other  Cretaceous  formations. 

Lbsquebeux,  Leo.  A  review  of  the  Cretaceons  flora  of  North  America.  <  Ann.  Rep. 
U.S.  Geol.  Surv.  Terr.,  1876,  pp.  316-365,  and  plates  l-«. 

The  author,  contrary  to  his  earlier  views,  fully  admits  the  Cretaceous  age  of  the  Dakota 
formation,  but  he  points  out  the  iisot  that  its  flora  is  more  nearly  like  Tertiary  than  any 
then  known  Cretaceous  flora. 

Lbsquebeux,  Lbo.  The  lignitic  formations  of  North  America.  <Contribation8  to 
the  fossil  flora  of  the  Western  Territories,  U.  S.  Geol.  Survey  of  the  Territories, 
part  2,  the  Tertiary  flora,  1878,  pp.  3-31. 

The  author  adheres  to  Mn  opinion  previounly  exprea«ied  that  the  **lignitic  formations  '* 
(Laramie)  are  of  Tertiary  age.  A  large  number  of  species  of  plants  are  described  and  fig- 
ured. 

Lbsquebeux,  Leo.  Contributions  to  the  fossil  flora  of  the  Western  Territories,  part 
II,  the  Tertiary  flora.  <U.  S.  Geol.  Survey  of  the  Territories,- vol.  7,  pp.  366, 
and  65  plates,  4°.      1878. 

The  author,  after  full  dlsou  ssion  of  the  subject,  refers  all  the  lignite-bearing  fbrmations 
of  the  West  to  the  Tertiary. 

LiNDOBBN,  W.  Notes  on  the  geology  of  B^ja  California,  Mexico.  <Proc  Cal.  Acad. 
Sci.,  2d  series,  vol.  1,  1888,  pp.  173-196,  and  5  plates. 

The  author  describes  and  maps  tho  small  area  occupied  by  the  Cretaceous  deposits  at 
Todoe  Santos  Bay  tliat  White  has  referred  to  the  Walalla  group. 
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LiOuauBiooB,  K.  H.  Report  on  the  geological  and  economic  features  of  the  Jackson 
Purchase  region,  emhradng  the  ooaoties  of  Ballard,  Galloway,  Falton,  Grayes, 
Hickman,  MoCiacken,  and  AiarshaU.  <Geological  Sarvey  of  Kentacky,  pp.  357, 
and  3  maps.    1888. 

The  CSretaoeoua  of  Ke  ntacky  has  not  been  found  to  be  fossiliferoua,  and  although  Dr. 
Loughridge  i«g»rdait  all  as  repreflanting  the  Ripley  group,  it  resembles  the  Butaw  in  Itth- 
ologioal  characteristics. 

LiOUOHBlDOK,  K.  H.  Report  on  the  Jocksno  Piirchase  region.  <Oeological  sarrey  of 
Kentucky,  pp.  32-36.,  and  geol.  map.     1H88. 

Dr.  Looghridge  shows  that  a  narrow  belt  of  Oetat'eous  detioaits  extend  across  the  western 
eztiemity  of  Kentucky. 

Lybll,  Charlics.    Notes  on  the  Cretaceous  strata  of  New  Jersey  aud  other  jMirts  of 

the  United  States  bordering  the  Atlantic.     <^(>eol.  Soc.  Quart.  Jour.,  toI.  1,  1843, 

pp.  55-60. 

The  author  refers  "all  the  [CretaoeouH]  fossilirerous  format iona  of  New  Jersey  to  that 
part  of  the  European  series  which  ranges  from  the  Maestrioht  beda  to  the  Gault,  inclusive.** 

LiTELL,  Ghablbs.    Notes  on  the  Gretaoeons  strata  of  New  Jersey,  and  parts  of  the 

UnitedStates  bordering  the  Atlantia     < Am.  Jour.  Sci. ,  vol.  47, 1844,  pp.  213, 214. 
Mr.  Lyell  regards  the  Cretaceous  of  the  Atlantic  border  region  as  agreeing  with  the  Eu- 
ropean Qault,  to  the  Maestrioht  beds  inclusive.    He  stMtes  tlmt  tlie  limestone  of  Wilming- 
ton, N.C.,  and  of  Santee  River.S.C,  which  other  geologists  had  called  Upper  Cretaceous, 
are  of  Eocene  age. 

Macfablanb,  Jambs.  General  note  of  the  Geology  of  Mexico.  < American  Geo- 
loi^ical  Railway  Guide,  second  edition,  1890,  pp.  415-420. 

Mabcocj,  JULKa  Notes  on  the  Cretaceous  and  Carbouiferons  rocks  of  Texas.  <  Bos- 
ton Soc.  Nat  Hist  Proc,  vol.  8, 1862,  pp.  86-9& 

In  this  article  Profeessor  Marcoii.  gives  his  views  as  to  the  order  of  superposition  of  the 
Cretaceous  formations  of  Texas,  which  are  essentially  the  same  as  those  subsequently  pul>- 
lished  by  Hill  and  White,  respectively.  He  repeats  his  formerly  expressed  opinion  that  the 
lower  portion  of  the  Comanche  series  is  referable  to  the  Aptien  and  Neooomian  of  Europe. 

Mabcou,  Julbs.  Untersnchungen  in  Califomien.  <Verhandl.  d.  K.  K.  Geolog. 
Reichsanstal  t,  1875,  pp.  215, 216. 

The  strata  designated  as  the  T6jon  group  by  the  California  geologists  are  referred  to  as 
characteristically  Eocene. 

Mabcou,  Julbs.  Report  on  the  geology  of  a  portion  of  sonthem  California .  <  Annual 
Report  upon  the  Geogr.  Surveys  west  of  the  100th  meridian  by  Wheeler.  Annual 
Report  of  the  Chief  of  En;;ineers  for  1876,  Appendix  J  J,  pp.  158-172.     1876. 

Professor  Maroou  recognizes  the  unbroken  character  of  the  greatseries  of  strata  which  in 
this  memoir  is  designated  as  Chiqo-T^Jon ;  but  he  refers  the  whole  series  to  the  Tertiary. 

Maboou,  Julbs.  Note  sur  la  geologic  de  la  Galtfomie.  <Soc.  g^ol.  France,  Bull.  3' 
a^r.,  vol.  11.  1883,  pp.  407-435. 

M.  Maroou  still  regards  the  whole  of  the  Chioo  and  T4jon  groups  of  the  Oalifomla  geolo- 
gists as  c^  Tertiary  age. 

Mabsh,  O.  C.  Notice  of  some  new  Mososauroid  reptiles  from  the  Greensand  of  New 
Jersey.     <Am.  Jour.  Sci.,  2d  ser.,  vol.  48,  1869,  pp.  392-400. 

Mabsh,  O.  C.    Notice  of  some  fos«il  birds  from  the  Cretaceous  and  Tertiary  formations 
the  United  States.     <Am.  Jour.  Sci.,  2d  ser.,  vol.  49,  1870,  pp.  205-217. 
These  remains  of  Cretaceous  birds  are  from  th.e  Upper  Cretaceous  of  New  Jersey. 

Mabsh,  O.  C.  On  the  Geology  of  the  Eastern  Uintn  .Mountains.  <Anu  Jonr.  Sci., 
3d  ser.,  vol.  1,  1871,  pp.  191-198. 

Prof.  Marsh  menUons  the  discovery  of  a  crinoid,aflerwiird  described  as  Uintaerinut  »oei- 
oUs  by  Orinnell,  In  strata  which  appear  to  be  referable  to  the  Colorado  group. 
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Marsk,  O.  C.     Notice  of  some  new  fossil  reptiles  from  the  Cretaceous  and  Tertiaiy 
formations.     <Am.  Jour.  Sci.,  3d  ser.,  vol.  1,  1871,  pp.  322-329. 

Marsh,  O.  C    Discovery  of  additional  remains  of  Pterosauria  with  descriptions  of  two 
new  species.     <^  Am.  Jour.  Sci.,  3d  ser.,  vol.  3,  1872,  pp.  241-248. 

Mabsh,  O.  C.    On  the  stractore  of  the  sknil  and  limbs  in  Mososauroid  reptiles  with 
descriptions  of  new  genera  and  species.     <Am.  Jonr.  Sci.,  3d  ser.,  vol.  3, 1872,  pp. 
448-464;  plates  10-13. 

Marsh,  O.  C.     Birds  with  teeth.     <Third  Ann.  Rep.  U.  B.  Geol.  Survey,  pp.  45-48. 

1883. 

The  author  states  that  these  remarkable  remains  were  obtained  flnoni  the  equivalebt  of 
No.  3  of  Meeic  Sl  Haydea'a  section  of  the  Upper  Missouri  Cretaceous. 

Marsh,  Ot  C.     Notice  of  a  new  genus  ofj^nropoda  and  other  new  Dinosaurs  from  the 
Potomac  formation.     <Am.  Jonr.  Sci.,  3d  ser.,  vol.  35,  1888,  pp.  89-94. 
The  author  refers  the  Potomac  formation  to  the  Jurassic. 

Marvinb,  Archibald  R.  Repoit  of  Middle  Park  division,  <U.  S.  Geol.  and  Geofi^ 
Survey  of  the  Territories,  Seventh  Annual  Report  for  1873,  embracing  Colorado,  pp. 
83-192.     1874. 

This  report  gives  seotlons  and  descriptions  of  formations  at  the  eastern  base  of  the  Roekjr 
Mountains,  as  well  as  in  Middle  Park.  These  show  the  different  Cretaceous  formations 
from  the  Daleota  formation  to  the  '*  Ligrnitic  "  (Laramie)  inclusive,  the  names  applied  to  the 
formations  being  the  same  as  those  of  the  Upper  Missouri  River  section.  He  reports  a  lim- 
ited unconformity  between  the  Laramie  and  Fox  Hills  strata  in  Middle  Park. 

Marvinb,  A.  R.,  A.  C.  Peale,  F.  M.  Endlich,  C.  A.  White  and  W.  H.  Holmes.    U. 

S.  Geol.  and  Geog.  Survey  of  the  Territories.     Geological  and  Geographical  Atlas 

of  Colorado,  and  portions  of  adjacent  Territory.     Second  edition,  corrected.     1881- 

The  reports  upon  which  this  atlas  is  based  are  oontained  in  the  Annual  Reports  of  Ihf* 

Survey. 

Mather,  William  W.  Report^of  W.  W.  Mather,  geologist  of  the  first  geological  dis- 
trict of  the  State  of  New  York.  <State  of  New  York  In  Assembly,  February  20, 
1838.  Communication  from  the  governor  relative  to  the  geological  snrvey  of  the 
State,  pp.  121-184.     8°.     1838. 

On  page  138  the  author  suggests  that  certain  deposits  in  Suffolk  and  Richmond  Counties 
are  equivalent  to  certain  of  the  New  Jersey  Cretaceous  deposits. 

Mather,  William  W.  Geology  of  New  York,  part  i,  comprising  the  geology  of  the 
first  geological  district,  pp.  653.     4^  and  plates  and  maps.     1843. 

On  page  272  the  author  definitely  refers  the  deposits  on  Staten  and  Long  Island,  men- 
tioned in  the  last  entry,  to  the  non-marine  division  of  the  Cretaceous  of  New  Jersey. 

McCoNNBLL,  R.  G.  On  the  Cypress  Hills,  Wood  Mountain,  and  adjacent  country 
with  map.  <Geol.  and  Nat%  Hist.  Surv.  Can.,  Ann.  Rep.  for  1885.  Montreal,  1886. 
pp.  1-78  C.     1  map  and  3  plates. 

The  author  describes  Cretaceous  formations  from  the  Belly  River  to  the  Laramie  forma- 
tion, Inciuaive.  The  position  of  the  former  beneath  the  Fox  Hills  and  Pierre,  anditssepa- 
rateness  from  the  Laramie  fully  stited. 

McCoNNELL,  R.  G.  On  the  geolojrical  structure  of  a  portion  of  the  Rocky  Mountains. 
<Geol.  Surv.  Canada,  Ann.  Report  for  1886,  pp.  7-40  D.     1887. 

Cretaceous  rocks  from  the  Kootanie  to  the  Benton  are  discussed.  The  former  rest  upon 
Carboniferous  rocks.  Near  Devrl's  Lake  several  species  ot  marine  molluscan  fossils  were 
found  at  the  base  of  the  Kootanie.  which  Mr.  Whlteaves  identifies  with  species  found  in 
the  lower  portion  of  the  Queen  Charlotte  Island  Cretaceous  section. 

McGeb,  W  J.  Map  of  the  United  States,  exhibiting  the  present  status  of  knowledge 
relating  to  the  areal  distribution  of  geologic  groups.  <  Fifth  Annual  Report  of  the 
U.  S.  Geological  Survey.     1 884. 

McObb,  W  J.  The  geology  of  the  head  of  Chesapeake  Bay.  <SeTenth  Annual  Re- 
port of  the  U.  S.  Geological  Survey,  pp.  545-646.     1888. 

The  Potomac  formation  is  defined,  and  the  statement  made  that  the  **  Sassafras  River 
Greeosand"  rests  unoouformably  upon  it  in  the  vicinity  of  Sassafras  River,  in  Maryland. 
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McGes,  W  J.     Three  formaiioDs  of  the  Middle  Atlantic  Slope.     <Am.  Joar.  Sci.,  3d 

ser.,  vol.  35,  1888,  pp.  120-143. 

The  PotoDiao  formation  ia  described  in  tliis  article.  It  was  first-so  named  by  Mr.  McGee 
in  the  report  of  the  healtii  oQlcer  of  the  District  of  Columbia  for  the  year  ending  June  30, 
1885. 

Mbbk,  F.  B.    DeecriptioQ  of  new  orgaoic  reiuaias  from  the  Cretaceous  rocks  of  Van 

oouver's  Islaad.     <lVan3.  Albany  Inst.,  1857,  vol.4,  pp.  37-49. 

I'lie  fossils  descrilied  nre  from  the  strata  since  Icnown  as  the  Nanaimo  fj^roup.  This  arti- 
cle is  important  as  coutHininj;  Mij  tlr^t  p  i  >lic.'ition  of  Cretaceous  fossils  from  the  Pacific 
coasL 

Mekk,  F.  B.  Bemarks  on  the  Cretaceou:)  i'uc»ild  collected  by  Prof.  Henry  Y.  Hind,  on 
the  Assinniboine  and  Saskatchewan  Exploring  Expedition,  with  descriptions  of  some 
new  species.  <^Keport8  on  the  Northwest  Territory,  by  Henry  Yoale  Hind,  M. 
A.,  Toronto,  1859,  pp.  182-185  and  2  plates. 

Meek,  F.  B.  Kemarks  on  the  Carboniferous  and  Cretaceous  rocks  of  Eastern  Kansas 
and  Nebraska,  uud  their  relations  to  thoM  of  the  adjacent  States  and  other  locali- 
ties farther  eastward,  in  connection  with  a  review  of  a  paper  recently  published  on 
this  subject  by  Jules  Marcou,  in  Bulletin  Soci^t6  g6ologiqne  de  France.  <^Am. 
Joar.  Sci.,  2d  ser.,  vol.  39,  1865,  pp.  157-174. 

The  Cretaceons age  of  tho  Dakota  'form.ation  i.s  asserted,  nothwithstanding  the  modem 
character  of  its  jilant  remains.  It  is  referred  to  the  base  of  the  Upper  Missouri  River  Cre* 
taceoue  section,  but  is  not  regarded  as  of  Lower  Cretaceous  age. 

Meek.  F.  B.  Description  of  fossils  from  the  auriferous  slates  of  California.  <^Gea- 
logicol  Survey  of  California;  Geology,  vol.  1,  1865,  pp.  477-482,  and  1  plate. 

The  author  refers  all  these  fossils,  the  greater  part  of  which  belong  to  the  genus  Aueella, 
to  the  Jurassic.    They  are,  however,  referred  to  the  Lower  Cretaceous  in  this  memoir. 

Meek,  F.  B.  Preliminary  list  of  tho  fossils  collected  by  Dr.  Hay  den's  Exploring  Expe- 
dition of  1871  in  Utah  and  Wyoming  Territories,  with  descriptions  of  a  few  new 
species.    1872. 

A  few  I^ramle  fossils  are  catalogued  with  the  Cretaceous,  but  the  collections  from  the 
so-called  Bear  River  Laramie  are  rererred  to  the  Tertiary. 

Meek,  F.  B.  Paleontological  reporL  <^ixth  Annual  Report  of  the  U.  S.  Geological 
Survey  of  the  Territories  by  F.  V.  Hayden,  pp.  429-518.     1873. 

This  report  is  largely  geological.  It  contains  an  important  section  of  the  Cretaceous 
rocks  near  Coalville,  Utah,  among  which  are  an  f»tuary  deposit  and  several  beds  of  ooal. 
Italso  contains  another  section  of  similar  formations  in  the  valley  of  Sulphur  Creek,  west- 
ern Wyoming,  together  with  discussions  of  the  formations  and  descriptions  of  new  species. 
The  latter  section  embraces  the  so-called  Bear  River  Laramie,  which  he  refers  to  the  Ter- 
tiary. 

Meek,  F.  B.  Notes  on  some  fossils  from  near  the  eastern  base  of  the  Rocky  Mountains, 
west  of  Greeley  and  Evans,  Colorado,  and  others  froift  about  200  miles  farther 
eastward,  with  descriptions  of  a  few  new  species.  <Bnll.  U.  S.  Geol.  and  Geog. 
Surv.  Terr.  No.  1,  2  ser.,  1875,  pp.  41-47. 

The  author  discusses  certain  geological  questions,  and  shows  that  the  Laramie  strata 
have  been  pierced  by  an  artesian  boring  front  45  to  400  feet  beneath  the  surface  of  the 
plains  at  a  point  200  miles  oast  of  Qreelcy,  Colorado. 

Mlek,  F.  B.  Descriptions  and  illustrations  of  fossils  from  Vancouver's  and  Sncia  Isl- 
ands and  other  northwestern  localities.  <[J.  S.  Geol.  and  Geogr.  Survey  of  the 
Territories,  Bull.,  vol.  2,  pp.  351-376,  and  plates  i-vi.     1876. 

Thisartiole  contains,  among  other  matter,  a  republication  witli  figures  of  Cretaceous  foe- 
sils  from  Vancouver  Island,  which  were  originally  published  without  figures  in  vol.  4 
Trans.  Albany  Inst.,  1857. 

Meek,  F.  B.  Report  on  the  Cretaceous  fossils  contained  in  the  collections  brought 
from  New  Mexico  by  the  exploring  expedition  under  the  command  of  Capt.  J.  N. 
Macomb,  of  the  U.S.  Topographical  Engineers.  <[  Report  of  the  exploring  expef^ 
dition  from  Santa  F^,  New  Mexico,  to  the  junction  of  the  Grand  and  Green  Rivers 
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Mbbk,  F.  B. 

of  the  Great  Colorado  of  the  West,  in  1859,  ander  the  oomnuuid  of  Capt.  J.  N. 
BCaoomb,  Corps  of  Topographical  Eogtoeere,  with  geological  rep<»i  by  Pxot  J.  S. 

Newberij.     1876. 

Besides  Ihe  descriptions  of  foMiU.  ihU  report  oontoins  the  dewsriptive  CretAoeous  Mo- 
tion of  Dr.  Newberry,  and  in  oonnectton  with  each  division  of  the  section  be  ffires  the 
names  of  the  foaslls  which  characterise  it. 

Mbbk,  F.  B.     Report  on  the  paleontological  oollectiou  of  the  expedition.     <  Report 

of  exploratiooe  across  the  Great  Basin  of  the  Territorj  of  Utah  for  a  direct  wagon 

roate  ln>m  Osmp  Floyd  to  Genoa,  in  Oareon  Valley,  in  1859,  by  CapU  J.  H.  Simp- 

SOD,  Cori^sof  Topographictl  Eugineerj  U.  S.  Army,  pp.  337-373,  and  plates  i-v,  1876. 

Tiie  aulhor  is  inclined  to  regaiU  the  Bear  Biver  Laramie  beds  as  of  Upper  Cretaceons  sgs 
alUioag:h  he  had  formerly  aasigrned  them  to  the  Lower  Eocene. 

Mbbk,  F.  B.    A  Report  on   the  Invertebrate  Cretaoooos  and  Tertiary  Fossils  of  the 

Upper  Miasonri  Country.     U.  S.  GeoU  Sar.  Terr.,  toL  9,  pp.  i-Lxnr  and  1-029; 

45  plates.  4"^.     1876. 

This  eT«st  work  oontaias  a  summary  of  many  artides  formerly  pobllabed  by  the  anther 
alooc  or  in  coanthorship  with  Dr.  Hayden,  most  of  whieh  articles  are  thereAwe  not  in* 
eluded  in  this  list.  F^Hres  I-LXIY  are  deroted  to  geolosieal  dismuaioa,  and  they  comtaia 
discussions  of  tlie  Cretaceous  sections  of  ditferent  parts  of  North  America.  These  are  com- 
pared with  oae  another  and  iu  part  with  the  European  Cietaccous. 

Mbbk,  F.  B.  United  States  GeoloKical  Exploration  of  the  Fortieth  Pwmllel,  Claraiice 
King,  geologist  in  diarge.  Part  i,  Paleontology,  hy  F.  B.  Meek,  ppu  1-197  and 
plates  i-xvii.    1877. 

This  work  is  wholly  paleoatolugicjd.  It  contains  descripfcioos  aod  fip>K*  of  many  Gk»> 
taoeous  fossils,  and  also  some  from  the  so-called  Bear  River  Laramie. 

Mebk,  F.  R,  James  Hall  and.    (See  Hall,  James,  and  F.  R  Meek.) 

Meek,  F.  B.,  and  F.  V.  Hayden.  Descriptions  of  new  fbssU  species  of  MoUosca,  col> 
lected  by  Dr.  F.  V.  Hayden  in  Nebraska  Territory,  together  with  a  complete  cata- 
logne  of  all  the  remains  of  inrertebrata  hitherto  described  and  identified  from  the 
Cretaceous  and  Tertiary  formations  of  that  rej^ion.  <ProcL  Acad.  NaL  Sci.  Phila., 
¥ol.  8,  1856,  pp.  265-286. 

This  Article  contains  the  first  publication  of  the  secUon  of  the  Upp^  Miwuuit  Greteeeons, 
which  has  since  become  so  well  known. 

Mebk,  F.  B.,  and  F.  Y.  Hayden.  Descriptions  of  new  species  of  Aeepliahi  and  Gas- 
teropoda, from  the  Tertiary  formations  of  Nebraska  Territory,  with  some  general 
remarks  on  the  K^ology  of  the  country  about  the  sources  of  the  Missouri  BiTsr. 
<Proc  Acad.  Nal.  Sci.  Phila..  toI,  8,  1856,  pp.  111-126. 

The  formation  noir  known  as  the  Laramie  is  in  this  article  referred  to  the  Tertiarx* 

Meek,  F.  R,  and  F.  V.  JIayden.  Descriptions  of  new  species  and  genera  of  foosila, 
collected  by  Dr.  F.  V,  liaydea  in  Nebraska  Territory,  under  the  dii^sction  of  Lieut. 
G.  K.  Warren,  U.  S.  Topographical  Engineers,  with  some  remarks  on  the  Tertiaiy 
and  Cietaceoiis  formatioas  of  the  Northwest,  and  the  paralleliam  of  the  latter  with 
those  of  other  portions  of  the  United  Stales  and  Territories.  <ProG.  Acad.  Nal 
ScL  Phila.,  toI.  9,  1857,  pp.  117-148. 

This  article  contains  discussions  of  the  Cretaceous  fonnationseoastitutinKthe  Upper  Mis- 
souri Rirer  Cretaceous  section  published  bj  these  authors  in  the  previous  year. 

Meek,  F.  B.,  and  F.  V.  Hayi>ex.     Remarks  on  the  liower  Cretaceous  beds  of  Kaims 

and  Nebraska,  together  with  descriptions  of  Garboniftrons  fossils  from  the  valley  of 

Kansas  Rirer     <Proc.  Acad.  Nat.  Sd.  Phila.,  Sdser.,  toL  2, 1858^  ppi  256-264^ 

The  dtMussions  refer  to  the  opinion  of  Prof.  Hecr  that  the  plants  of  the  Dakota  formatkm 

are  of  Tertiary  ace,  and  the  aathora  show  that  that  fbnaation  is  orarlahK  by  at  Icasi  aOO  feet 
of  Cretaceous  strata. 

Meek,  F.  a,  and  F.  Y.  Hatdbk.  Bemarks  on  the  Loww  Cretaceous  beds  of  Kansas 
and  Nebraska.     < Am.  Jour.  Sd.,  2tl  ser.,  vol.  27,  1859,|^  81»-237. 

The  authors  reriewed  the  eontroreisy  that  then  prcTailed  eoiKcerains  the  tme  ace  of  the 
fiakoU  fonnatioa,  and  show  thai  \t  \Wa\iawwst^  -n  a\\  » ifc<ru^^S«^faMc»w 
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Mbek,  F.  B.,and  F.  V.  Hayokn.  Systematic  catalogue,  with  sjnonyma,  etc.,  of 
Jurassic,  Cretaceoas,  aa^l  Tertiary  fossils  collected  in  Nebraska  by  the  exploring  ex- 
pedition nnder  the  command  of  Lieat.  G.  K.  Warren,  of  U.  S.  Topographical  £nr 
gineera.     <Proc.  Acad.  Nat.  Sci.,  Phila.,  2d  ser.,  vol.  4,  1860,  pp.  417-432. 

The  fossils  Troin  the  strata  now  known  to  belong  to  the  Lftramie  are  included  with  the 
Tertiary  fossils  in  this  catalogue. 

Mkek,  F.  B.,  and  F.  V.  Hayden.  Descriptions  of  new  Lower  Silurian  (Primordial), 
Junissic,  Crutacu  ms  aul  Tertiary  fossils  collected  iu  Nebraska  by  the  exploring;  ex- 
IKsditioii  nntler  the  comm:ind  of  Capt.  Wm.  F.  llaynolde,  U.  8.  Topographical  En- 
gineers, with  Hotne  remarks  ou  the  rocks  from  which  they  were  obtained.     <^Proc. 

Acad.  Nat.  Sci.  Phila.,  2d  ser.,  vol.  5,  1861,  pp.  415-447. 

This  article  is  largely  geological,  ontainin:;  a  "  General  Section  of  the  Cretaceous  rocks 
of  Nebraska"  and  discussions  of  the  formations.  The  authors  compare  the  Nebraska 
Cretaceous  scclion  withj^lialuf  New  Jersey,  and  iu  part  with  the  Cretaceous  of  tlie  Old 
World. 

Mkbbill,  F.  J.  H.  On  the  geology  of  Long  Island.  <^  Annals  of  the  New  York  Acad- 
emy of  Sciences,  toI.  3,  1886,  ^p.  3tl-:{64,  and  plates  27,  28. 

Certain  deposits  at  Qlen  Cove  and  oilier  localities  in  the  northwest  part  of  I^oog Island  are 
regarded  as  equivalent  to  at  least  a  portion  of  the  non-marine  division  of  the  New  Jersey 
Cretaceous. 

Morton,  Samuel  George.  Geological  observations  on  the  Secondary.  Tertiary,  and 
allavial  lbrmation:s  of  the  Atlantic  coast  ol  the  United  States  of  America,  arranged 
from  the  notes  of  Lardner  Vanuxem.     <^Jour.  Acad.  Nat.  Sci.  Phila.,  vol.  6,  1828, 

pp.  59-71. 

The  authorship  of  this  article,  except  the  descriptions  of  fossils  which  accompany  it,  is 
wholly  due  to  Trof.  Vanuxem.  See  fourth  entry  on  pa  ;e  51.  Tho  Cretaceous  strata  of  the 
Atlantic  coast  region  are  discussed.  Prof.  Vnnuzem  correlates  them  witli  the  Cretaceous 
of  Europe  in  a  general  way,  but  .Dr.  Morton,  in  additional  notes  by  himself,  refers  them  to 
the  Lower  Cretaceous. 

Morton,  Samuel  George.    Synopsis  of  the  organic  remains  of  the  Cretaceous  group 

of  the  United  Stat^.     Philadelphia,  1834. 

This  work  is  a  su  amary.  with  revision  and  additions,  of  his  previous  papers  in  the  Ameri- 
<ian  Journal  of  Science,  vols.  17,  i  8, 22, 23,  and  21.  and  i  n  the  Journal  Academy  Natural  Sciencei 
Philadelphia,  vol.6.  It  is  mainly  paleontological,  but  contains  a  brief  general  account  of  the 
Cretaceous  deposits  then  known,  which  were  mainly  confined  to  the  Atlantic  border  region. 
Vanuxem  had  previously  referred  these  deposits  to  the  ** Chalk"  of  Europe,  but  Morton 
here  continues  to  refer  them  to  the  Lower  Cretaceous. 

Morton,  Samuel  George.  Notice  of  the  fossil  teeth  of  fishes  of  the  United  States. 
The  discovery  of  Gault  in  Alabama,  and  a  proposed  division  of  the  American  Creta* 
ceona  group.     <Am.  .Jour. Sci.,  vol.28,  18:^5,  pp. 276-278. 

Tlie  author  proposes  three  divisions  for  the  Cretaceous  of  the  United  States,  the  lower  one 
of  which  ho  refers  to  the  Qault.  The  upper  one  embraced  strata  that  are  now  regarded  as 
Eocene. 

Morton,  Samuel  George.  Description  .of  several  new  species  of  fossil  sheila  from  the 
Cretaceous  deposits  of  the  United  States.     <L^roc.  Acad.  Nat.  Sci.  Phila.,  vol.1, 

1841,  pp.  106-110. 

The  foesils  are  from  New  Jersey  and  the  Upper  Missouri  River  region.    Not  figured. 

Morton,  Samuel  George.  Description  of  some  new  species  of  organic  remains  of  the 
Cretaceous  group  of  the  United  State?,  with  a  tabular  view  of  the  fossils  hitherto 
discovered  iu  this  formation.     <^Jour.   Acad.  Nat.  Sci.  Phila.,  1st  ser.,  vol.  8, 

1842,  pp.  207-227,  and  2  plates. 

The  author  still  adheres  to  his  three  divisions  of  the  Cretaceous  mentioned  in  a  preceding 
entry. 

MlTDOE,  B.  F.    Notes  on  the  Tertiary  and  Cretaceous  periods  of  Kansas.     <U.  S.  Geol. 

and  Geog.  Survey  of  the  Territories,  Bull.,  vol.  2,  1876,  pp.  211-221. 

The  author  obtained  marine  fossils  (described  by  Meek  and  WItito  respectively)  from 
Saline  CoOnty,  Kansas.  He  states  that  the  Dakota  formation  in  that  Stiite  rests  upon  the 
Permian. 
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NiooLLBT,  I.  N.    Oa  the  Cretaceons  formation  of  the  Miasonri  River.     <Aid.  Jour. 

ScL.  vol.  45,  1843,  pp.  153-156. 

The  author  deacribes  certain  of  the  CrcUceous  clepo.%itfl  aloni^:  the  Missouri  River,  which 
afterward  became  well  known  through  tlia  publicatious  of  Meek  and  Hayden. 

NiooLLBT,  I.  N.  Report  intended  to  illustrate  a  map  of  the  hydrographical  basin  of 
the  Upper  Mississippi  River.    8^     1843,  pp.  1-170. 

Mr.  Nicollet  briefly  describes  tbe  Cretaceous  formations  of  the  upper  Missouri,  which 
seems  to  be  the  first  definite  published  aanouncement  of  tlieir  existence. 

Newbbbby,  J.  S.  Report  upon  the  geology  of  the  route.  < Explorations  and  surveys 
for  a  railroad  route  from  the  Mi^issippi  River  to  the  Pacific  Ocean,  vol.  6,  part  ir, 
pp.  9-68.  Routes  in  California  and  Oregon.  Thirty- third  Congress,  second  ses- 
sion, H.  R.  Ex.  Doc  No.  91.     1855. 

The  author  discusses  the  asre  of  the  formation  aflcrw.ird  nn-n  od  the  Chico  grroup  by  the 
California  geologrists.  Me  admits  the  Tertiary  charneter  of  s\  part  of  the  fossils,  but  is  in- 
clined to  refer  the  formation  to  the  Crelaceouii  because  of  the  presence  in  it  of  Ammonites 
and  BaeiUUes, 

Newbbbby,  J.  S.     [Explorations  in  New  Mexico.  ]     <  Am.  Jour.  Sci.,  2d  ser.,  vol.  28, 

1859,  pp.  298, 299. 

The  author  states  that  the  so-called  .Tur<i«>4iu  of  Murcou  in  New  Mexico  is  Cretaceous,  the 
horizon  corresponding  to  that  of  Nos.  2  and  3  of  the  Upper  Missouri  Cretaceous  section 
of  Meek  and  Hayden. 

Nbwbbbby,  J.  S.  Notes  on  the  ancient  vegetation  of  North  America*.  <Am.  Jour. 
Sci.,  2d  ser.,  vol.  29,  1860,  pp.  208-218. 

The  author  reasserts  liis  formerly  expressed  opinion  as  to  the  Cretaceous  age  of  certain 
fossil  plants  from  different  parts  of  Nortli  America  which  other  authors  had  contended 
were  of  Tertiary  age. 

Newbbbby,  J.  S.  Geological  report.  <  Report  upon  the  Colorado  River  of  the  West, 
explored  in  1857  and  185S.  Joseph  C.  Ives.  Part  iTf,  pp.  1  -154,  2  maps  and  6 
plates.     Washington,  1861. 

The  author  divides  tlie  Cretaceous  series  of  New  Mexico  and  Arisona  ii.to  upper  and 
lower  divisions,  corresponding  to  the  Earlier  and  Later  Cretaceous  of  Meek  and  Hayden,  but 
he  does  not  intend  this  as  a  correlation  with  the  Upper  and  Lower  Cretaceous  of  Europe. 

Newbbbby,  J.  S.     Description  of  the  fossil  plant*!  collected  by  George  Gibbs,  geologist 

to  the  United  States  Northwest  Boundary  Commission,  under  A.  Campbell.    <[Jour. 

Boston  Soc.  Nat  Hist,  vol.  7,  1863,  pp.  506-525. 

Ttie  author  shows  that  the  plants  from  the  coal-bearing  strata  of  Vancouver  and  Orcas 
Islands  are  of  Cretaceous  ago,  and  not  Miocene,  as  cliiimod  by  Ileer. 

Newbbbby,  J.  S.     Notes  on  the  later  extinct  floras  of  North  America,  with  descriptions 

of  some  new  species  of  fossil  plants  from  Cretaceous  and  Tertiary  strata.     <  Annals 

N.  Y.  Lycenm  Nat  Hiat,  vol.  9,  1868,  pp.  1-76. 

Dr.  Newberry  claims  that  the  plants  of  the  Dakota  formation  are  of  Cretaceous  and  not 
Tertiary  typos.  He  desaribej  many  spepiei  of  Cretaceous  plants,  and  aUo  many  from  the 
Fort  Union  Laramie  beds,  which  he  then  referred  to  tho  Alioceno.  The  substance  of  this 
article  is  contained  iu  his  report  published  a  year  afterward.    See  next  entry. 

Nrwbbbby,  J.  S.  Report  on  the  Cretaceous  aud  Tertiary  plants.  <Geol.  Report  Ex  pi. 
Yellowstone  and  Missouri  Rivers  in  1859-'60,  by  Dr.  F.  Y.  Hayden,  assistant,  un- 
der the  direction  of  Capt  W.  F.  Raynolds,  pp.  145-174.     1869. 

The  author  reasserts  the  Cretaceousageof  the  plants  of  the  Dakota  formation,  and  also  of 
those  of  Vancouver  Island,  except  a  part  of  those  obtained  at  Birch  Bay,  north  of  Bel  ling- 
ham  Bay,  which  he  refers  to  the  Miocene.  He  refer?  plants  from  the  Fort  Union  strata, 
near  the  mouth  of  the  Yellowstone,  to  the  Tertiary. 

T^bwbbbby,  J.  S.  [Cretaceous  rocks  on  Long  Island.  ]  <Proc.  New  York  Lyceum 
Nat  Hist,  vol.  2,  1874,  p.  127. 

Ans:iospermous  leaves  found  at  Lloyd's  Nock  are  "similar  to  those  of  Baritanaod  of  the 
Lower  Cretaceous  iu  the  far  West." 
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Newberry,  J.  S.  Oa  the  lignites  and  plant  beds  of  Western  America.  <Aai.  Jour, 
ot  Sci.,  3d  ser.,  vol.  7,  1874,  pp.  399-404. 

The  author  states  that  all  the  lignite-bearing  strata  of  New  Mexico,  as  well  as  those  of 
many  other  North  American  regions,  which  have  been  referred  by  certain  authors  to  the 
Tertiary,  are  of  Cretaceous  age.  He  also  mentions  the  identity  of  certain  species  of  plants 
found  in  New  Mexico,  in  strata  equivalent  to  the  Dakota  formation,  with  certain  forms 
found  in  the  Karitan  clays  of  New  Jersey. 

Newberry,  J.  S.  (Jeological  report.  <^Report  of  the  exploring  expedition  from  Santa 
Fd,  New  Mexico,  to  the  jnnction  of  the  Grand  and  Green  Rivers  of  the  Great  Colo- 
rado of  the  West,  in  1859,  under  the  command  of  Capt.  J.  N.  Macomb.     1876. 

In  this  report  Prof.  Newberry  divides  the  Cretaceous  section  of  New  Mexico  into  three 
divisions,  which  appear  to  correspond  to  the  Dakota,  Colorado,  and  Montana  divisions, 
respeotively,  as  they  are  recognised  in  this  memoir. 

Newberry,  J.  S.  The  Cretaceous  flora  of  North  America.  <Trans.  N.  Y.  Acad.  Sci., 
vol.  5,  1886,  pp.  133-137. 

A  table  accompanying  the  discussions  shows  the  author's  views  as  to  the  correlation  of 
the  various  Cretaceous  plant-bearing  horizons  of  North  America  with  those  of  Europe. 

Newberry,  J.  S.  The  flora  of  the  Amboy  clays.  <Ball.  Torrey  Botanical  Club,  voL 
13,  1886,  pp.  33-37. 

Prof.  Newberry  gives  a  preliminary  account  of  the  fossil  flora  of  the  Amboy  and  Raritan 
clays,  which  he  is  preparing  for  publication.  He  points  out  its  close  affinity  with  the  Da- 
kota flora,  and  shows  that  many  of  its  species  are  Identical  with  Upper  Cretaceous  species 
of  Aachen  and  of  Greenland. 

Newberry,  J.  S.  The  Great  Falls  coal-field,  Montana.  <School  of  Mines  Quarterly, 
vol.  8,  1887,  pp.  327-330. 

The  author  announces  that  the  coal-bearing  stiata  in  the  vicinity  of  the  Great  Falls  of  the 
Missouri  are  equivalent  to  the  Kootanie  formation  which  was  first  discovered  at  the  eastern 
base  of  the  Rocky  Mountains  in  British  America.  He  shows  that  several  species  of  fossil 
plants  of  the  Kootanie  occur  in  the  Montana  strata. 

Newberry,  J.  S.    The  flora  of  the  Great  Falls  coal-field,  Montana.     <Am.  Jour.  Sci., 

vol.  41,  1891,  pp.  191-200. 

The  author  shows  that  at  least  ten  of  the  species  of  planta  found  in  the  Montana  strata 
•   are  identical  with  species  of  the  flora  of  the  Potomac  formation. 

Newton,  Henry.    Geology  of  the  Black  Hills  of  Dakota.    <Report  on  the  Geology 

and  Reeources  of  the  Black  Hills  of  Dakota,  with  atlas,  pp.  1-222.     1880. 

The  five  divisions  of  Meek  &  Hayden*s  Cretaceous  section  of  the  Upper  Missouri  River 
region  **surround  the  Black  Hills  in  an  annular  rim  of  irregular  width."  Tiie  Laramie 
is  found  in  that  vicinity  resting  upon  the  marine  Cretaceous,  and  is  referred  to  the  Ter- 
tiary. The  area  occupied  by  these  respective  formations  is  shown  upon  the  accompanying 
maps. 

NiKiTiN,  S.     Einiges  iiber  den  Jura  in  Mexico  und  Centralasien.     <CNeue8  Jahrhach 
fiir  Min.  Geol.  n.  Palaeont     Jahrgang  1890,  ii  Band,  Drittes  Heft,  pp.  273-274. 
The  author  mentions  the  discovery  of  fossil  shells  near  Ban  Luis  Potosi,  which  appear  to 
be  identical  with  those  designated  as  Ancella  concenirica  in  this  memoir. 

Nyst,  H.,  and  H.  Galeotti.  [Sur  quelques  fossiles  da  calcaire  jurassique  de  Tehna- 
can,  au  Mexique.  <Bull.  Acad.  Hoy.  des  Sciences  et  Bell.  Lett.,  vol.  7,  2d  part, 
1840,  pp.  212-221,  and  2  plates. 

The  fossils  described  in  this  article  arc  probably  not  of  Jurassic,  but  of  Cretaceous  age. 

Owen,  David  Dale.  Report  of  a  Geolo^ic^il  Surrey  of  Wisconsin,  Iowa,  and  Minne- 
sota, and  incidentally  of  a  portion  of  Nebraska  Territory,  pp.  623,  and  plates  and 
maps.    1852. 

The  existence  of  Cretaceous  strata  along  the  Missouri  River  west  of  Iowa  is  noticed,  and 
some  fossils  from  them  described  and  figured.  The  existence  of  such  deposits  in  north- 
western Iowa  is  suggested. 

Owen,  [Richabd.]    Notes  on  remains  of  fossil  reptiles  discovered  by  Prof.  Henry 
Refers,  of  Pennsylvania,  United  States,  inGreensand  formations  of  New  Jersey. 
<Qaart.  Jour.  Geol.  Soc.  Lond.,  vol.  5,  1849,  pp.  380-383,  plates  10,  11. 
Bull.  82 4       • 
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Parby,  C.  C.    (Geological  features  of  the  Rio  Grande  Valley  from  El  Paso  to  the  moath 

of  Pecos  River.     <  Report  on  the  United  States  and  Mexican  Boundary  Surrey, 

vol.  1,  part  2,  1857,  pp.  49-61. 

The  auil|or  mentions  a  great  thickness  of  Cretaceous  strata  as  formine  the  walls  of  the 
Cafton  San  Carlos,  wliicli  seem  to  belonj;  to  the  Comanche  series. 

Peale,  a.  C.     Report  of  A.  C.  Peale,  m.  d.,  geologist  of  the  South  Park  diviaion.  <U. 

S.  Geol.  and  Oeog.  Surv.  Terr.,  Seventh  Ann.  Report  for  1873,  pp.  193-273.    1874. 
This  report  contains  descriptions  and  sections  of  the  Cretaceous  formations  from  the  Da- 
kota  to  the  Niobrara  {^roup,  inclusive.    The  names  of  the  formations  adopted  are  those 
of  the  Upper  Missouri  River  section. 

Peale,  A.  C.  Report  of  A.  C.  Peale,  M.  d.,  geologist  of  Middle  division.  <U.  Sw 
Geol.  and  Geog.  Survey  of  the  Territories,  Eighth  Annual  Report  for  1874,  em- 
bracing Colorado  and  adjacent  territory,  pp.  73-180.     1876. 

Tlie  Cretaceous  formations  from  the  Dakota  to  the  Laramie  formation,  inclusive,  are  de- 
scribed and  illustrated.     The  latter  formation  is  assigned  to  the  Tertiary. 

Peale,  A.  C.    Report  of  A.  C.  Peale,  m.   d.,  geologist  of  the  Grand  River  division, 

1875.     <U.  8.  Geol.  and  Geog.  Surv.  Terr.,  Ninth  Ann.  Rep.  for  1875,  pp.  31-101. 

1877. 

a  plate  of  sections  across  the  Uncompahsrc  Plateau  shows  the  Dakota  formation  to  be 
well  defined  in  that  far  southern  district.  The  author  also  reeog^nizes  there  the  eqvivalents 
of  the  other  members  of  the  Upper  Missouri  River  section. 

Peale,  A.  C.  Geological  report  on  the  Grand  River  district.  <U.  S.  Greol.  and  Geog. 
Survey  of  the  Territories,  Tenth  Annual  Report  for  1876,  embracing  Colorado  and 
parts  of  adjacent  Territories,  pp.  161-185.     1878. 

This  report  contains  sections  and  de:scriptionB  of  the  Cretaceous  formations  from  the  Da- 
kola  to  the  Laramie,  inclusive,  the  classification  of  the  marine  Cretaceous  formations  being 
that  of  the  Upper  Missouri  River  section. 

Peale,  A.  C.  The  Laramie  group  of  we:5tern  Wyoming  and  adjacent  regions.  <[Bull. 
U.  S.  Geol.  Surv.  Terr.,  vol.  5,  No.  2,  pp.  153-200.     1879. 

The  formation  described  is  the  so-called  Bear  River  Laramie,  which,  according:  to  the 
author,  extends  from  the  southwest  sorner  of  Wyoming  up  into  southeastern  Idaho. 

Powell,  J.  W.  Report  on  the  geology  of  the  eastern  portion  of  the  Uinta  Mountains 
and  a  region  of  country  adjacent  thereto,  pp.  218,  4^  atlas.  U.  S.  Geol.  and  Geog. 
Survey  Terr.     1876. 

The  formations  which  in  this  memoir  are  referred  to  the  Upper  Cretaceous  are  rccog^nixed, 
but  classified  under  new  names.  His  Point  of  Rocks  grroup  is  identical  with  the  Laramio 
except  that  he  included  a  portion  of  the  latter  in  his  Bitter  Creek  fi^roup,  which  is  rec* 
ognixed  as  of  Eocene  age.  The  areas  occupied  by  the  several  formations  are  shown  on  the 
accompanying  atlas. 

PUMPSLLY.  Raphael.  Bituminous  coals  and  lignites  of  the  Northwest.  <Tenth 
Census  U.  S.,  vol.  15,  Report  on  the  mining  industries  of  the  United  States,  pp.  689- 
695,  with  5  geological  maps.     1886. 

It  is  stated  that  the  area  occupied  by  bituminous  coal  is  limited,  but  that  of  lignites  is  very 
great.  Coal,  or  lignite,  is  found  in  the  Dakota,  Colorado,  and  Laramie  formations.  The 
author  refers  the  coal  of  Judith  Basin,  Belt  Creek,  Sand  Coulee,  and  Deep  Creek  to  the 
Dakota  formation.  At  least  a  part  of  this  is  referred  to  the  Kootanie  formation  by  Dr.  New> 
berry. 

Ramirez,  Santiago.  Informe  que  como  resultado  de  su  Exploraciou  en  la  Sierra  Mo- 
jada.  x^Anales  del  Ministerio  de  Fomento  de  la  Repiiblica  Mezicana,  vol.  3,  pp. 
627-687.     1877. 

Ramirez,  Santiago.  Informe  sobre  el  Mineral  de  Guadalc^zar  en  el  estado  de  San 
Luis  Potosi.  <Anales  del  Ministerio  de  Fomento  de  la  Repiiblica  Mexicana,  vol.  3, 
pp.  339-404.     1877. 

Rbdfield,  W.  C.     [Cretaoeoos  fossil  in  a  deep  well  in  Brooklyn,  New  York.]     <Am. 

Jour.  Sci.,  vol.  45,  1843,  p.  156. 

The  author  refers  to  the  findtkig  of  a  specimen  of  Exogyra  cotlata  In  digg:ing  a  well  in 
BrookJyo,  New  York,  the  specimea  being  the  property  of  Dr.  John  O,  Gay. 
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Bemond,  a.  Notice  of  geological  explorations  in  northern  Mexico.  <Callfornia|Acad« 
Sci.  Pioc,  vol.  3,  1867,  pp.  244-257. 

The  aulhor  mentions  the  presence  of  Cretaceous  deposits  "  at  the  foot  of  the  Sierra  Madre^ 
at  Arivechi,  in  Sonora,"  restingr  upon  **  porphyries  and  the  Carboniferous  limestone." 

BiCHARDSON,  James.    Beport  on  the  coal  fields  of  Vancoayer  Island.     <  Geol.  Sorv. 

of  Canada,  Report  of  ProKreas  for  1871-1872,  pp.  73-94.     1872. 

The  author  gives  a  section  and  descriptions  of  the  strata  embracing  the  coal  of  the  Na- 
nainy>  district,  for  which  Dr.  G.  M.  Dawson  subsequently  proposed  the  name  of  Nanaimo 
group. 

BiCHABDsoN,  James.  Report  on  the  coal  fields  of  Vanoonyer  and  Qaeen  Charlotte 
Islands,  with  a  map  of  the  distribntion  of  the  former.  <Geol.  Survey  of  Canada, 
Report  of  Progress  for  1872-1873,  pp.  32-G5.     187a 

This  report  is  mainly  devoted  to  economic  geology,  but  it  contains  important  sections  of 
Cretaceous  rocks,  which  were  afterward  more  fully  reported  upon  by  Dr.G.  M.  Dawson. 

Richardson,  James.     Report  on  the  coal  fields  of  Nanaimo,  Comox.  Cowicban,  Bur- 

rani  Inlet,  and  Sooke,  British  Columbia.     <GeoL  Survey  of  Canada,  Report  of 

Progress  for  1876-1877,  pp.  160-192,  map.     187a 

The  article  treats  mainly  of  economic  geology,  but  numerous  sections  of  the  Cretaceous 
coal* bearing  strata  are  given. 

RoEMER,  Ferdinand.  A  sketch  of  the  geology  of  Texas.  <  Am.  Jour.  Sci.  2d  ser., 
yol.2.  1846,  pp.  358-365. 

The  character  of  the  Texan  Cretaceous  is  discussed,  and  its  paleontologloal  relation  to 
that  of  southern  Europe  pointed  out. 

BoEAiER,  Ferdinand.  Contributions  to  the  geology  of  Texas.  <  Am.  Jour.  Sci.  2d 
ser.,  vol.  6,  1848,  pp.  21-28. 

The  author  defines  the  seaward  border  of  the  Cretaceous  area  in  Texas,  and  discusses 
the  paleontological  relation  of  the  Texan  Cretaceous  to  other  strata  of  that  system  in  the 
United  States  and  to  those  of  southern  Europe. 

BoEMEB,  Ferdinand.    Texas,  pp.  464,  map  8°.    Bonn,  1849. 

This  work  is  mainly  devoted  to  a  popular  account  of  Texas,  but  it  contains  preliminary 
descriptions  of  the  fossils  afterward  deseribed  in  the  author's  Kreideblldungen  von  Texas. 

ROEMBB,  Ferdinand.    Die  Kreidebildungen  yon  Texas  und  ihre  organischen  Einsch- 

lusse,  pp.  100,  plates  11,  4^     Bonn,  1852. 

A  large  number  of  fossils  are  described  and  figured,  and  the  character  and  distribution  of 
the  Cretaceous  formations  of  Texas  are  discussed. 

BOEMSR,  Fkbdinand.  Ueber  eine  durch  die  Haenfigkeit  Hippuriten  artiger  Chamiden 
ausgezeichnete  Fauna  der  Oberturonen  Kreide  von  Texas.  <Palaeontologische  Ab- 
handlingen  herausgegeben  von  W.  Dames  und  £.  Kay  ser,  Yierter  Band.,  Heft  4, 
pp.  281-296,  plates  31-33. 

The  fossils  described  by  Prof.  Roemer  in  this  article  and  referred  to  the  Upper  Turonian 
are  from  the  upper  part  of  the  Comanche  series  of  Texas. 

BooERS,  Henry  D.  Beport  on  the  Geological  Survey  of  the  State  of  New  Jersey,  pp. 
174.     1836. 

This  report  contains  a  descriptive  section  of  the  New  Jersey  Cretaceous,  in  which  the  de- 
posits are  defined  essentially  as  they  are  now  known. 

BOGERS,  Henry  D.  Description  of  the  Geology  of  the  State  of  New  Jersey,  being  a 
final  report.    8°,  pp.  301,  with  map  aod  plate  of  sections.     1840. 

This  report  contains  descriptions  of  the  *' Upper  Secondary  **  formations  of  New  Jersey, 
and  the  plate  of  sections  shows  their  position  with  relation  to  the  other  formations  of  the 
Stat«. 

B0GBR8,  Henry  Darwin.    The  Geology  of  Pennsylvania,  vol.  2,  pp.  1045,  7  plates 

of  sections,  1  map,  23  plates  of  fossils,  2  plates  of  views,  2  separate  maps.    4°.    £din- 

burgh  and  New  York,  1868. 

Prof.  H.D. Rogers, in  vol. I,  p. 59,  says  that  "Tertiary  and  Cretaceous  strata  border  the 
State  upon  the  southeast  in  New  Jersey,  but  thoy  do  not  cross  the  Delaware  Uiver  into 
Pennsylvania."  It  is  now  known  that  the  Potomac  formation,  which  is  provisionally  re- 
ferred to  the  Cretaceous,  occurs  upon  the  PcunsylvaaU\  aide  ol  UxA^xxvv^^ViMixi'O.^^wt. 
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BoGSBS,  William  Barton.  A  reprint  of  aoDaal  reports  and  other  papers  on  the  Geol- 
ogy of  the  Virginias,  8°,  pp.  832,  and  map  and  sections.    1884. 

The  depoaita  now  known  as  the  Potomac  formation  are  recognised  by  Prof.  Rogers,  who 
speaks  of  them  as  "Jurassic,  passing  upward  into  the  base  of  the  Cretaceous.'*  He  recog- 
nised Cretaceous  deposits  in  an  artesian  boring  at  Fort  Monroe,  Virginia. 

Safford,  James  M.  On  the  Cretaceons  and  saperior  formations  of  west  Tennessee. 
<Am.  Jour.  Sci.,  2d  ser.,  vol.  37,  1864,  pp.  360-372. 

The  author  states  that  the  Cretaceous  outcrop  is  continued  northward  fron^  Mississippi 
into  Tennessee,  and  that  at  least  the  Ripley  portion  of  the  Mississippi  section  is  continued 
northward  Into  Kentucky. 

Safford,  James  M.  Geology  of  Tennessee.  8^,  pp.  550,  plates  and  map.  Nashville, 
1869. 

The  author  reoogrnizes  three  divisions  of  the  Cretaceous  In  Tennessee,  namely,  the  Ripley, 
Greensaud,  and  Coffeesand.  The  last  he  regards  as  equivalent  to  the  Tombigbee  sand  of 
Hilgard,  and  the  flrst  to  the  Ripley  group  of  that  author.  The  latter  alone  extends  north- 
ward to  the  Kentucky  line. 

Sawkins,  James  G.  Reports  on  the  geology  of  Jamaica,  or  Part  ii  of  the  West  In- 
dian  Snrvey.    8°,  pp.  339,  1  map  and  7  plates  of  sections.     London,  1869. 

Say,  Thomas.  Observations  on  some  species  of  zoophytes,  shells,  etc.,  principally 
fossil.     <Am.  Jonr.  Sci.,  vol.  1,  1819,  pp.  381-387,  and  vol.  2,  pp.  34-45. 

The  grenus  Exogyra  is  described.  Mr.  8ay*s  studies  of  fossils  appear  to  have  been  biolog- 
ical  only,  and  without  reference  to  structural  geology. 

Scuoolcbaft,  U.  R.  Discovery  of  a  coal  basin  on  the  western  borders  of  the  Lake  of 
the  Woods.     <Am.  Jour.  Sci.,  vol.  19,  1855,  pp.  232-234. 

The  proof  that  coal  exists  at  the  point  indicated  is  not  concl  usive ;  but  if  it  does  exist  there 
it  probably  pertains  to  an  outlier  of  the  Cretaceous. 

SbLwyn,  a.  R.  C.  Observations  in  the  Northwest  Territory  from  Fort  Gary  to  the 
Rocky  Mountain  Honse.  <Geol.  Snrv.  Canada,  Report  of  Progress  1873-'74,  pp. 
17-62.     1874. 

The  author  notices  the  occurrence  of  coal  in  the  Saskatchewan  region  in  strata  that  have 
since  been'.determined  as  of  the  age  of  the  Belly  River  to  the  Laramie  formations,  inclusive. 

Sblwyn,  a.  R.  C.  Age  of  the  lignitic  coal  formation  of  Vancouver  Island.  <Am. 
Jour.  Sci.,  vol.  9,  1875,  p.  318. 

Dr.  Selwyn  shows  that  the  coal  of  Nanaimo,  Vancouver  Island,  is  of  Cretaceous  age,  and 
that  Lesquereux  was  in  error  in  referring  it  to  the  Lower  Eocene. 

Selwyn,  A.  R.  C,  and  G.  M.  Dawson.  Descriptive  sketch  of  the  physical  geography 
and  geology  of  the  Dominion  of  Canada,  pp.  55,  map,  8°.     Montreal,  1884. 

Dr.  Dawson  gives  a  table  comparing  the  Upper  Missouri  River  Cretaceous  section  of 
Meek  &  Hayden  with  that  of  the  Peace  River,  and  of  the  Bow  and  Belly  River  districts. 
He  speaks  of  the  Laramie  as>  Cretaceo-Tertiary. 

Shaleb,  N.  S.  Report  on  the  geology  of  Marthas  Vineyard.  <Seventh  Ann.  Rep. 
U.  S.  Geol.  Survey.     1888. 

The  occurrence  of  Cretaceous  rocks,  but  not  in  situ,  is  noticed  on  pp.  325, 326. 

Shumabd,  B.  F.  Description  of  new  Cretaceous  fossils  from  Texas.  <Trans.  St.  Louis 
Acad.  Sci.,  vol.  1,  1860,  pp.  590-610. 

This  article  contains  descriptions  of  many  Bpecies  of  invertebrate  fossils  from  the  Creta- 
ceous formations  of  Texas,  some  of  which  have  never  yet  been  figured. 

Shumabd,  B.  F.  Observations  upon  the  Cretnceous  strata  of  Texas.  <Trans.  St.  Louis 
Acad.  Sci.  vol.  1, 1860,  pp.  582-590. 

The  author  gives  a  section  of  the  Texan  Cretaceous  showing  his  view  of  their  order  of 
superposition,  which  subsequent  investigation  has  shown  to  be  erroneous. 

Shumabd,  B.  F.    See  Evans,  John,  and  B.  F.  Shamard. 
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Smith,  Eugene  A.,  and  Lawrence  C.  Johnson.  Tertiary  and  Cretaceous  strata  of 
the  Tnacaloosa,  Tombigbee,  and  Alabama  Rivers.  <Ball.  U.  S.  Geo).  Snrv.  No.  43, 
pp.  189,  and  plates;  plate  xi  being  a  small  geological  map  of  Alabama. 

The  map  shows  the  areal  distribution  of  the  Cretaceous  formations  In  Alabama.  The 
authors  recognize  tlie  Tuscaloosa  formation  as  distinct  from  the  Eutaw,  and  regard  it  as  of 
doubtful  age.  The  Eutaw,  Rotten  limestone,  and  Ripley  groups  are  referred  to  the  Cretan 
eeous. 

Stevenson,  J.  J.     Geology  of  a  portion  of  Colorado,  explored  and  sarveyed  in  1873b 

<U.  S.  Geog.  and  Geol.  Expl.  and  Surv.  west  of  the  100th  Merid.  (Wheeler),  vol.  3, 

chap.  13,  pp.  361-410.     1875. 

The  author  divides  the  Cretaceous  into  Upper,  Middle,  and  Lower,  apparently  in  the 
same  manner  as  it  was  divided  by  Newberry.  He  seems  to  include  the  equivalent  of  the 
Dakota  formation  in  the  Lower,  that  of  the  Colorado  formation  in  the  Middle,  and  that  of 
both  the  Montana  and  Laramie  formations  in  the  Upper. 

Stevenson,  J.  J.  On  the  geological  relation  of  the  Lignitic  groups.  <Proc.  Am. 
Philo8.Soc.,  1875,  vol.  14,  pp.  447-475. 

The  author  states  that  the  whole  series  of  formations  which  in  this  memoir  are  referred 
to  the  Upper  Cretaceous,  including  the  Laramie,  are  lignite-bearing.  He  regards  the  Lar^ 
amie  as  of  Cretaceous  age, and  includes  with  that  formation  the  equiralent  of  at  leastapart 
of  the  Fox  Hills  group  of  Meek  Si  Hayden. 

Stevenson,  J.  J.  Preliminary  report  of  a  special  geological  party  operating  in«Colo- 
rado  and  New  Mexico,  from  Spanish  Peaks,  south,  field  season  of  1878.  <Annual 
Report  upon  the  Geographical  Surveys  of  the  territory  of  the  United  States  west 
of  the  100th  Meridian,  pp.  271-281.     1876. 

Prof.  Stevenson  notes  the  blending  of  the  Dakota  with  the  overlying  Colorado  forma- 
tion in  New  Mexico.  He  follows  King  in  making  the  latter  formation  consist  of  the  equiva- 
lents of  the  Fort  Benton,  Niobrara,  and  Fort  Pierre  groups  of  Meek  ic  Hayden's  Upper  Mia* 
souri  River  section. 

Stevenson,  J.  J.    Report  upon  geological  examinations  in  sonthem  Colorado  and  north- 
em  New  Mexico  during  the  years  1878  and  1879.     <U.  S.  Geog.  Surv.  west  of  the 
100th  Merid.  (Wheeler),  vol.  3.    Sup^Ilement — Geology,  pp.  420  and  3  maps.     1881. 
The  authorfollows  King  in  making  the  Colorado  formation  equal  to  the  Benton,  Niobrara, 
and  Fort  Pierre  groups  of  Meek  &  Hayden,  but  he  combines  the  equivalent  of  their  Fox 
Hills  group  with  the  T^ramie  under  the  latter  name.    Therefore  he  represents  the  Laramie 
as  resting  upon  the  Colorado  formation. 

Stevenson,  J.  J.  Note  on  the  Laramie  group  of  southern  New  Mexico.  <Am.  Joor. 
Sci.,  3d  aer.,  vol.  22,  1881,  pp.  370-372. 

The  intimate  stratigraphical  relation  of  the  Laramie  to  the  underlying  marine  Cretaceous 
formation  is  noted,  both  formations  being  c6al-bearing. 

Stimpson,  William.  Cretaceous  strata  at  Gay  Head,  Massachusetts.  <Am.  Jour. 
Sci.,  2d ser.,  vol.  29, 1860,  p.  145. 

He  regards  the  strata  at  Gay  Head  as  Cretaceous  rather  than  Eocene;  and  reports  the  dis- 
covery of  *' Cretaceous  bones,  vertebne,  and  teeth  of  sharks,  some  brachyurous  crustaoea, 
12specie8of  bivalve  mollusca,  one  univalve,  leaves,  fragments,  and  seeds  of  dicotyledonoas 
plants,  eta"  He  mentions  no  identification  of  speciefi,  and  gives  no  specific  or  generic 
names. 

St.  John,  Obestrs.  Notes  on  the  geology  of  northeastern  New  Mexico.  <U.  S. 
Geol. and  Geog. Surv.  of  the  Territories,  Bull.,  vol.2,  pp. 279-308,  plates  42-49. 
1876. 

The  Cretaceous  formations  of  the  upper  basin  of  the  Canadian  River  are  described  and 
discussed. 

TOULA,  Fbanz.     Beschreibang  Mesozoischer  Versteinemngen  von  der  Kuhn  Insel. 

<Die  zweite  deutsche  Nordpolarfahrt,  ii  Band,  pp.  497-507,  2  plates.     Leipzig, 

1874. 

A  few  fossils  from  Kuhn  Island,  off  the  east  coast  of  Qreenland,  are  described,  among 
which  are  varieties  of  Aucella. 
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Tbaak,  Johk  B,  Deacriptioii  of  a  new  species  of  Ammonite  and  Bacalite  from  the 
Tertiary  locksofChico  Creek.  <Proc.  Cal.  Acad.  Nat.  ScL,  let  ed.,  vol.  1, 1856,  pp. 
85, 86,  figures  on  plate  ii. 

The  stnita  ftom  which  these  foasils  oame  were  afterward  incladed  in  the  Chico  group  by 
the  California  geologists,  which  is  now  regarded  as  of  Cretaceous  age. 

Troost,  Gesabd.    Fifth  Geological  Report  to  the  Twenty-third  General  Aaaembly  of 
Tennessee,  pp.  75  and  3  maps.    1840. 

The  existence  of  a  Cretaceous  deposit  in  Tennessee  Is  recognized  and  some  of  i(e  foeeile 
are  mentioned  by  name. 

TUOHEY,  M.     [Letter  to  Dr.  S.  G.  Morton.]      Proc  Am.  Assoc.  Adv.  Sci.,  toI.  i,  ppu 

32, 33.     1848. 

Prof.  Tu(  mey  states  that  six  species  of  Cretaceous  fossils  are  round  at  Wilmington,  North 
Carolina,  and  Santee.  South  Carolina,  commingled  with  an  £k>cene  molluscan  fauna. 

TuoHEY,  M.     Report  of  the  Geology  of  Soath  CproHna,  pp.  i-iv,  and  1-293  and  i,  Ivi. 

Two  maps.    4°.  1848. 

The  author  shows  the  existence  of  Cretaceous  deposits  along  theQreat  Peedeo  River  and 
Its  tributaries.  He  also  mentions  the  commingling  of  Cretaceous  and  Tertiary  foosils,  claim- 
ing that  no  less  than  six  species  of  Cretaceous  mollusks  pass  up  into  the  Eocene  of  North 
Carolina  and  South  Carolina. 

TUOMEY,  M.  First  Biennial  Report  on  the  Geology  of  Alabama,  pp.  176  and  map,  8*. 
Toscaloosa,  1850. 

An  upper  and  lower  division  of  tlie  Alabama  Cretaceous  is  recognized ;  the  lower  appar- 
ently corresponding  nearly  to  the  Tuscaloosa  group  of  Smith,  and  the  upper  to  the  Rot- 
ten limestone  and  Ripley  groups  together. 

TuoMEY,  M.  Description  of  some  fossil  shells  from  the  Tertiary  of  the  Southern  States. 
<Proc  Acad.  Nat  Sci.,  Philad.,  vol.  6,  1852,  pp.  192-194. 

The  fossils  described  are  from  Wilmington,  North  Carolina.  Prof.  Tuomey  states  that 
among  the  characteristic  Eocene  fo^isils  several  equally  characteristic  Cretaceous  forms  are 
found,  but  he  regards  the  commingling  as  having  occurred  while  all  the  forms  in  qaestion 
were  living. 

Tyrrell,  J.  B.  Report  on  a  part  of  Northern  Alberta  and  portions  of  ac^'acent  districts 
of  Assiniboia  and  Saskatchewan.  <Geo].  Surv.  Canada,  Ann.  Rep.  for  1886,  pp. 
1-1 52E,  with  appendix  by  Mr.  Whiteaves  on  Cretaceous  and  Laramie  fossils,  pp. 
153-166E.  1887. 

The  Belly  River,  Fox  Hill-Pierre,  and  Laramie  formations  are  reported  on. 

Tyrrell,  J.  B.    The  Cretaceons  of  Manitoba.     <Am.  Jour.  Sci.,  1890,  3d  ser.,  yol. 

40,  pp.  227-232. 

Mr.  Tyrrell  shows  that  both  the  Colorado  and  Montana  formations  are  represented  in 
western  Manitoba,  but  his  section  shows  that  no  Belly  River  strata  occur  there. 

Tyson,  Philip  T.     First  Report  of  Philip  T.  Tyson,  State  Agricaltnral  Chemist,  to  the 

House  of  Delegates  of  Maryland,  pp.  145,  and  Appendix,  pp.  20,  and  geological 

,  map.     8^    1860. 

The  Cretaceous  is  recognised  as  occupying  a  belt  of  country  passing  from  northcmst  to 
southwest  fti rough  the  State. 

Tyson,  Philip  T.  Second  Report  of  Philip  T.  Tyson,  State  Agricnltural  Chemist,  to 
the  riouse  of  Delegates  of  Maryland,  p.  92.     8°.     1862. 

This  report  contains  a  table  of  the  formations  of  the  State,  including  the  Cretaceous. 

Uhlbr,  p.  R.  Observations  on  the  Eocene  Tertiary  and  its  Cretaceons  associates  in  the 
State  of  Maryland.     <Trans.  Maryland  Acad.  Sci.,  vol.  1,  1888,  pp.  11-32. 

The  author  states  that  the  Cretaceous  deposits  extend  across  Maryland  in  the  same  gen- 
eral direction  which  their  outcrop  has  in  New  Jersey  and  Delaware,  and  shows  that  the 
area  occupied  by  the  marine  division  is  larger  than  it  was  before  known  to  be. 

Uhlbr,  P.  R.  The  Albirnpean  formation  and  its  nearest  relatives  in  Maryland.  <Proc. 
Am.  Philos.  Soa,vol.  25,  1888,  pp.  42-53. 

The  name  Albirupean  is  proposed  for' certain  beds  which  unconformably  overlie  the  Po- 
tomac formation  in  certain  parts  of  Maryland. 
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Upham,  WabsSI?.    Artesian  wells  in  North  and  Soath  Dakota.     <American  Creolo- 

gist,  vol.  6,  1890,  pp.  211-221. 

The  author  gives  a  list  of  30  wells  in  which  water  flows  f^om  the  Dakota  sandstone. 

TJPHAM,  Wabren,  N.  H.  Winchkll  and.    (See  Winchell,  N.  H.,  and  Warren  Upham. ) 
USQurzA,  MANUEr4.    Exploracion  del  distrito  de  Coalcoman,  eatado  de  Michoacan. 

<AnaIe6  del  Ministerio  de  Pomento  de  Kepdblica  Mexicana,  vol.  7,  pp.  195-261. 

1882. 

Vanuxem,  Lardneb.  [Notes  fnrnished  to  Dr.  S.  G.  Morton  for]  Geological  observa- 
tions on  the  Secondary,  Tertiary,  and  Allnvial  formations  of  the  Atlantic  coast  of 
the  United  States  of  America,  arranged  from  thenotesof  Lardner  Vanuxem.  <Jour. 
Acad.  Nat  ScL  Pbila. ,  1828,  vol.  G,  pp.  59-71.     (See  fourth  entry  on  page  47.) 

Yanuxem,  Lardner.  Remarks  on  the  characters  and  classification  of  certain  Ameri- 
can rock  formations.     <Am.  Jour.  Sci.,  vol.  16,  18*^9,  pp.  254-256. 

The  author  reasserts  the  Cretaceous  tige  of  certain  deposits  of  the  Atlantic  Coast  regpion, 
and  refers  to  his  paper  published  by  Dr.  Morton,    (See  preceding  entry.) 

y CODES,  A.  W.  Cretaceons  and  Tertiaiy  of  Charleston,  Soath  Carolina.  <Am.  Jour. 
Sci.,  3d  ser.,  vol.  16,  1878,  pp.  69, 70. 

The  author  mentions  the  occurrence  of  Cretaceous  strata  at  Charleston  discovered  in  an 
artesian  boring  at  a  depth  of  950  feet. 

Wall,  G.  P.    See  Duncan,  P.  Martin,  and  G.  P.  Wall. 

Ward,  Lester  F.  Synopsis  of  the  flora  of  the  Laramie  group.  <Sixth  Annual  Re- 
port of  the  United  States  Geological  Survey,  pp.  405-557  and  plates  31-65.     1885. 

The  author  discusses  the  Laramie  group  historically,  and  its  flora  with  reference  to  that 
of  the  Senonian  and  Eocene. 

Ward,  Lester  F.  Evidence  of  the  fossil  plants  as  to  the  age  of  the  Potomac  formation . 
<Am.  Jour.  Sci.,  3d  ser.,  vol.  36,  1888,  pp.  119-131. 

Prof.  Ward  expresses  the  opinion  that  the  Potomac  formation  is  not  of  later  origin  than 
the  Wealden  or  the  Neocomian. 

White,  David.  On  Cretaceous  plants  from  Martha's  Vineyard.  <Am.  Jonr.  Bel.,  3d 
ser.,  vol.  39,  1890,  pp.  93-101,  and  plate  2. 

Mr.  White  shows  that  a  considerable  numl>er  of  species  of  plants  which  characterize  the 
New  .lersey  Cretaceous  days  occur  on  the  island  of  Martha's  Vineyard. 

Write,  C.  A.    Report  on  the  Geological  Survey  of  the  State  of  Iowa,  vols.  1  and  2. 

1870. 

The  existence  of  Cretaceou<)  deposits  in  various  parts  of  western  Iowa  is  shown  and  evi- 
dence given  that  a  large  part  of  the  State  was  once  covered  by  them. 

Whttb,  C  a.  On  the  eastern  limit  of  Cretaceous  deposits  in  Iowa.  <Proc  Am.  Assoc. 
Adv.  Sci.,  1872,  vol.  21,  pp.  187-192.     1873. 

Localities  are  mentioned  at  which  limited  or  partially  disturbed  Cretaceous  deposits  have 
been  discovered  in  Iowa,  showing  that  those  deposits  once  extended. very  much  farther 
eastward  than  their  present  unbroken  eastern  border. 

White,  C.  A.  Report  upon  the  invertebrate  fossils  collected  in  portions  of  Nevada, 
Utah,  Colorado,  New  Mexico,  and  Arizona  by  parties  of  the  expeditions  of  1871, 
1872^  1873,  and  1874.  <Geog.  and  Geol.  Expl.  and  Surv.  west  of  the  100th  Me- 
ridian, vol.  4,  part  i,  pp.  1-219,  pis.  i-xxi.     1875. 

The  Cretaceous  fossils  described  and  noticed  in  this  report  are  all  from  horizons  above 
the  Comanche  series.  A  few  of  them  belong  to  species  which  pass  up  from  the  Laramie 
into  the  base  of  the  Wasatch  formation.  Two  species  from  southern  Utah  are  apparently 
identical  with  forms  which  prevail  in  the  so-called  Bear  River  Laramie. 

White,  C.  A.    Invertebrate  paleontology  of  the  Plateau  Province,  together  with  notice 

of  a  few  species  from  localities  beyond  its  limits  in  Colorado.     <CPowell's  Report 

on  the  Geology  of  the  Eastern  End  of  the  Uinta  Mountains,  pp.  74-135.     1876. 
The  species  described  are  from  the  marine  Cretaceous  formntions,  from  the  so-called  Bear 
River  Laramie,  and  from  the  Laramie  formation  proper.    Powell's  clossiflcatlon  of  the 
Cretaceous  formations  is  adopted  in  this  article,  which  includes  the  upper  portion  of  the 
Point  of  Rocks  group  (the  Laramie)  in  the  basal  portion  of  the  Bllt«t  Cc««Ie.^^^v^)3k^ 
Waaatofa),  the  former  being  then  treated  as  of  Cretaoeous  %b%. 
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Whitb,  C.  a.    Paleontological  Papers,  No.  5:  Remarks  on  the  paleoniblogioal  character- 
istics of  the  Mesozoic  and  Cenozoic  groups  as  developed  in  the  Green  River  region. 
<Bnlletin  U.  S.  Geol.  and  Geog.  Sarv.  of  the  Terr.,  vol.  3,  pp.  625-629.     1877. 
The  gradual  transition  from  the  Cretaceoiui  to  the  Tertiary  noticed. 

White,  C.  A.'  Paleontological  Papers,  No.  4:  Comparison  of  the  North  American  Me8c»- 
zoic  and  Cenozoic  Unionidse  and  associated  mollusks  with  Jiving  species.  "^BnU. 
U.  S.  Geol.  and  Geog.  Sarv.  Terr.,  vol.  3,  pp.  615-624.     1877. 

The  grenetio  descent  of  living  Uniones  from  those  of  the  Laramie  period  is  saggeeted,  and 
the  untrustworthiness  of  fresh-water  moUuscan  fossils  as  indicating  geological  age  is 
pointed  out. 

White,  C.  A.    Paleontological  Papers,  No.  7:  On  the  distribntion  of  mollnscan  species 

in  the  Laramie  sronp.     <Ball.  U.  S.  Geol.  Surv.  Terr.,  vol.  4,  pp.  721-724.     1878L 
The  unity  of  the  Judith  River,  Fort  Union,  Lignitic,  and  Point  of  Rocks  (Bitter  Creek 
series)  groups  is  stated,  and  all  are  assigned  to  the  Laramie  formation. 

White,  C.  A.  Report  on  the^geology  of  north  western  Colorado.  <Tenth  Ann.  Rep. 
U.  S.  Geol.  and  Geog.  Sar.  Terr.,  pp.  1-60;  1  map  and  1  plate.     1878. 

This  report  contains  discussions  of  Cretaceous  and  other  formations,  showing  their  great 
displacement  in  the  Uinta  range  and  in  two  upthrust  mountains.  The  strict  conformity 
of  the  Laramie  upon  the  marine  Cretaceous  formations,  and  the  apparent  conformity  of 
the  Wasatch  upon  the  Laramie  are  noticed.  A  table  of  correlated  sections  by  the  writer 
and  other  authors  is  given  and  the  proposition  made  to  divide  the  marine  Cretaceous  de- 
posits into  only  two  formations,  the  equivalents  of  Nos.2  and  3  of  Meek  and  Hayden*s  sec* 
tion  forming  one,  and  those  of  Nos.  4  and  5  of  that  section  the  other. 

White,  C.  A.  Paleontological  Papers,  No.  8.  Remarks  upon  the  Laramie  groap. 
<Ball.  U.  S.  Geol.  Sarv.  Terr. ,  vol.  4,  pp.  865-876.    1878. 

The  characteristics  of  the  Laramie  formation  are  discussed  and  the  opinion  expressed 
that  it  was  deposited  in  a  great  inland  sea.  It  is  believed  to  represent  both  the  dose  of 
Cretaceous  time  and  the  beginning  of  Tertiary  time. 

White,  C.  A.    Contributions  to  Invertebrate  Paleontology,  No.  1:  Cretaceous  fossils  of 
the  Western  States  and  Territories.     <Eleventh  Ann.  Rep.  U.  S.  Geol.  and  Geog. 
Surv.  Terr,  (for  the  year  1877),  pp.  273-319,  Pis.  i-x.    1879. 

Fifty-six  species  are  figured,  all  of  which  are  from  the  Upper  Cretaceous. 

White,  C.  A.  Report  on  the  paleontological  field  work  for  the  season  of  1877.  <I7. 
S.  Geol.  and  Geog.  Surv.  Terr.,  Eleventh  Ann.  Rep.  (for  1877),  pp.  161-319.  1879. 
Notes  and  tables  in  this  report  show  the  distribution  of  Cretaceous  species,  including 
the  Laramie,  in  Wyoming,  Colorado,  and  Utah.  The  equivalents  of  Nos.  2  and  3  and  of  1 
and  5,  respectively,  of  Meek  and  Hayden^s  Upper  Missouri  Cretaceous  section  are  recog- 
nized as  constituting  each  a  single  formation,  making  only  two  in  all  instead  of  four.  The 
opinion  is  expressed  that  certain  members  of  the  Eocene  molluscan  fauna  existed  before 
the  close  of  the  Laramie  epoch. 

Whtte,  C.  a.  Descriptions  of  new  Cretaceous  invertebrate  fossils  from  Kansas  and 
Texas.     <Proc.  U.  S.  Nat.  Mus.,  vol.  2,  1880,  pp.  292-298,  Pis.  i-v. 

The  Kansas  fossils  are  marine  species  from  the  Dakota  formation.  They  oome  from  the 
most  northerly  known  point  at  which  marine  fossils  occur  in  that  formation  or  its  equiva- 
lents.   Other  species  from  the  same  deposit  were  previously  published  by  Meek. 

White,  C.  A.  Description  of  a  very  large  fossil  gasteropod  from  the  State  of  Paebia, 
Mexico.     <Proc.  U.  S.  Nat.  Mns.,vol.  3,  1881,  pp.  140-142,  and  1  plate. 

The  species  described  is  Tj/lostoma  prineeps^  and  this  announcement  constitutes  one  of 
the  few  published  indications  of  the  presence  of  Cretaceous  rocks  in  the  southern  part  of 
the  Mexican  Republic 

White,  C.  A.  Descripcion  de  nn  gran  fossil  Gasteropodo  del  estado  de  Pnebla  (Mex- 
ico).    <La  Natnraleza,  tomo  6,  1882,  pp.  219-221. 

This  description  is  also  printed  in  Proc.  U.  S.  Nat.  Mus.,  vol.  3,  pp.  140-142,  and  plate.  (See 
next  preceding  entry.) 

White,  C.  A.  On  certain  Cretaceons  fossils  from  Arkansas  and  Colorado.  <Proc.  U. 
S.  Nat  Mus.,  vol.  4,  1882,  pp.  136-139,  PL  i. 

The  Arkansas  species,  among  which  is  EnelimcUoeerat  tUrichi^  are  now  understood  to  be 
of  Booene  and  not  Cretaceous  age,  as  was  then  supposed. 
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White,  C.  A.  A  reTiew  of  the  non-marine  fossil  mollnsca  of  North  America.  <Third 
Ann.  Rep.  U.  S.  Oeol.  Snrv.,  pp.  403-550,  and  Pis.  i-xxxii.    1883. 

All  the  hitherto  known  specicfl,  from  Deronian  to  late  Tertiary  time,  inolusive,  are  no- 
ticed and  figured,  227  in  number.  Tlie  derivation  of  the  brackish-water  Laramie  mollusca 
from  Cretaceoua  estuaries  thought  probable,  and  that  of  certain  living  fresh- water  mollusca 
and  fishes  from  the  Laramie  sea.  by  the  persistence  of  rivers,  \b  suggested.  The  so-called 
Bear  River  Laramie  molluscan  fauna  is  shown  to  be  entirely  different  from  that  of  the 
Laramie  proper,  as  well  as  from  living  faunas.  The  latter  difierence  Is  thought  to  have 
been  due  to  a  nonperpetuation  of  the  drainage  of  the  waters  in  which  the  Bear  River  fauna 
lived. 

Whits,  C.  A.    Late  observations  concerning  the  molloscan  fanna  and  geographical  ex- 
tent of  the  Laramie  group.     <Am.  Jour.  Sci.,  3d  ser.,  vol.  25,  1883,  pp.  207-209. 
'   The  discovery  of  Laramie  fossils  in  the  State  of  Nuevo  Leon,  Mexico,  is  announced. 

White,  C.  A.    Contributions  to  Invertebrate  Paleontology,  No.  2:  Cretaceons  fossils 

from  the  Western  States  and  Territories.     <Twelfbh  Annual  Report  U.  S.  Geo],  and 

Geog.  Surv.  Terr,  (for  the  year  1878),  pp.  1-38,  Pis.  xi-xviii.     1883. 

Among  the  species  figured  are  ten  that  were  originally  described  by  Dr.  Shumard,  mostly 
from  Texas. 

White,  C.  A.  Contributions  to  Invertebrate  Paleontology,  No.  4:  Fossils  of  the  Lara- 
mie group.     <Twe]fth  Annual  Rep.  U.  S.  GeoV  and  Geog.  Surv.  Terr,  (for  the  year 

1878),  pp.  49-103,  Pis.  xx-xxx.     1883. 

This  article  contains  a  list  of  all  the  then  known  molluscan  species  of  the  Laramie  forma- 
tion as  it  is  now  comprehensively  understood. 

Whttb,  C.  a.    On  the  commingling  of  aocient  faunal  and  modem  floral  types  in  the 

Laramie  group.     <Am.  Jour.  Sci.,  3d  ser.,  vol.  26,  1883,  pp.  120-123. 

It  is  shown  that  within  the  vertical  range  of  characteristic  Laramie  mollusks  I>inosau- 
rian  remains  have  been  found  associated  with  plant  remains  which  have  be^n  referred  to 
the  Eocene  and  Miocene,  among  which  also  are  two  species  that  are  identified  with  living 
species. 

White,  C.  A.    On  the  Nautiloid  genus  Enclimatoceras  Hyatt,  and  a  description  of  the 

type  species.  '  <Bull.  U.  S.  Geol.  Survey,  No.  4,  on  Mesozoic  fossils,  pp.  16  (104)-17 

(105),  Pis.  Vll-X.     1884. 

This  species  is  now  regarded  as  of  Eocene,  and  not  Cretaceous  age,  as  formerly  sup- 
posed. 

White,  C.  A.  Description  of  certain  aberrant  forms  of  the  Chamidae  from  the  Creta- 
ceons rocks  of  Texas.  <6ull.  U.  S.  Geol.  Surv.,  No.  4,  on  Mesozoic  fossils,  pp.  5 
(93)-9  (94),  Pis.  I-V.     1884. 

These  forms  are  from  the  Comanche  series. 

White,  C  A.  On  a  small  collection  of  Mesozoic  fossils  obtained  in  Alaska  by  Mr.  W. 
H.  Dall,  of  the  U.  S.  Coast  Survey.  <Ball.  U.  S.  Geol.  Survey,  No.  4,  on  Meso- 
zoic fossils,  pp.  10  (98)-15  (103),  PI.  vi.     1884. 

The  most  abundant  of  these  fossils  is  Aucella  eoneentriea^  which  is  now  regarded  by  the 
author  a^  of  Cretaceous  age. 

White,  C.  A.  Notes  on  the  Mesozoic  and  Cenozoic  paleontology  of  California.  Bull. 
U.  S.  Geological  Survey,  vol.  3,  No.  15,  pp.  i-33.     1885. 

The  Chico  and  T^jou  groups  of  the  California  geologists  are  shown  to  form  an  unbroken 
faunaland  stratigraphicnl  series  from  the  Cretaceous  to  the  Tertiary.  The  Aucel la-bearing 
strata  are  of  Cretaceous  age,  and  a  part  of  them  are  included  in  the  "auriferous  slates." 
All  the  Cretaceous  faunas  of  the  Paciflc  coast  region  are  shown  to  be  different  from  any  in 
the  Interior  and  mor.;  eastern  regions,  even  tho'fe  which  presumably  were  contempora- 
neousin  their  origin. 

White,  C.  A.  On  new  Cretaceous  fossils  from  California.  <Bull. U.S. Geol. Surv., 
No.  2-2,  pp.  1  (349)-15  (361),  Pis.  i-v.     1885. 

The  fossils  described  and  diiScussed  are  from  Mendocino  County,  California,  and  from 
Todos  Santos  Bay,  Lower  California.  The  name  Wallala  group  is  proposed  for  the  strata 
from  which  they  come,  which  are  supposed  to  l>e  older  than  the  Chloo  and  newer  than  the 
Shasta  formation. 
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Whitv,  C.  a.  Od  marine  Eooenev  fresh-water  Miocene,  and  other  fossil  moUosea  of 
western  North  Ajnerica.  <BalL  U.S.GeoLSarT.,  Na  18,  pp^  1-19,  Pis.  i-ili. 
188& 

The  Eocen«  ftMsils  are  ftom  the  Willsanette  Valley,  Oregon.  The  stnUa  from  wlilcti  thej 
oome  represeal  the  upper  part  of  the  Tejon  gronp.  which,  aUhongh  doabtleaa  of  Eocene 
age,  is  dticuased  with  tlte  Cretaceous  formations  in  this  memoir. 

Whitk,  C.  a.    On  the  relation  of  the  Laramie  molloscan  fkana  to  that  of  the  sncceeding 

fresh- water  Eocene  and  other  groups.     <Ball.  U.  S.  Geol.  Surrey,  vol.  5,  No.  34, 

I^  391-442,  5  plates.     1886. 

It  is  shown  that  a  part  of  the  Laramie  moUnscan  fauna  ranged  up  into  the  Wasatch  for- 
mation, and  tliat  sedimentation  was  continuous  from  the  marine  C?retaeeoua  through  the 
Laramie  to  the  Wasatch.  The  ao-oallcd  Bear  River  Laramie  is  believed  to  be  a  sepamtc 
formation  from  the  Laramie  proper.bat  the  author  did  not  then  know  whether  the  former 
was  earlier  or  later  than  or  contemporaneous  with  the  latter. 

White,  C.  A.    On  the  interrelation  of  contemporaneous  fossil  faonas  and  floras.     <  Am. 

Joor.Sci.,  3d  ser.,  vol.  33,  1887,  pp.  364-374. 

The  view  is  advanced  that  sedimentation  was  continuous  from  the  Colomdo  Cretaceous  to 
the  base  of  the  Eocene  Wasatch,  inclusive.  M oUusoan  species  are  shown  to  range  from  the 
Laramie  into  the  Wasatch.  The  Impracticability  of  definitely  correlating  inland  with  ma^ 
rine  coast  deposits  is  shown. 

Whitb,  C  A.    On  the  Cretaoeons  formations  of  Texas  and  their  relation  to  those  of 

other  periods  of  North  America.     <Proc.  Phila.  Acad.  Nat.  ScL,  18c^,  part  1,  pp. 

39-47. 

This  article  contains  a  descriptive  section  of  the  Texan  Cretaceoos  and  a  table  of  correlap 
tion  of  the  formations  above  the  Comanche  with  those  of  other  parts  of  the  continent.  A 
marine  formation,  the  Timber  Creek  group,  is  recognised  as  equivalent  to  the  Dakota  for- 
mation. 

White,  C.  A.  On  the  age  of  the  coal  found  in  the  region  tiayersed  hy  the  Rio  Grande. 
<Am.  Joor.  Sci.,  3d  ser.,  toI.  33,  1&S7,  pp.  18-2a 

The  coal  in  question  is  shown  totoccur  in  the  Tjuamie  formation,  and  also  in  tbe  Easl^ 
Fms  beds  and  their  equivalents. 

White,  C.  A.  On  the  Paget  group  of  Washington  Territory.  <Am.  Jour.  Sci.,  3d 
sen,  vol.  36,  1888,  pp.  443-45a 

A  great  estuary  formation  in  Puget  Sound  basin  and  upon  the  western  flank  of  tJbe  Cas- 
cade Mountains  is  described.  It  was  probably  formed  contemporaneously  with  ihe  Laramie 
formation,  and  perhaps  in  part  alse  with  the  Ttjon. 

White,  C.  A.  On  the  relation  of  the  Laramie  group  to  earlier  and  later  formationa. 
<Am.  Joor.  ScL,  3d  ser.,  voL  35,  ISnS,  pp.  432-43a 

In  this  article  it  is  shown  that  the  Laramie  formation  paiww  n  beneath  Ek>oene  strata  in  the 
valley  of  the  lower  Rio  Grande.  :m<)  the  author  gives  reasons  for  diacussing  the  Laramie 
among  the  Cretaceous  format ioi^i.  nliiiough  the  aH>er  pari  is  still  held  to  have  been  con- 
temporaneous with  undisputid  l.ower  K<x«ne  strata. 

Whtfe,  C  a.  On  the  geology  and  physiography  of  a  portion  of  northwestern  Colorado 
and  adjacent  parts  of  Utah  and  Wyoming.  < Ninth  Ann.  Repu  U.  S.  GeoL  Snrv., 
pp.  677-712,  and  map.     18^. 

The  Laramie  formation  is  prnrisionally  referred  to  the  Cretaceous,  and  ia  shown  to  have 
bean  tMiually  involved  with  the  marine  Cretaceous  formations  in  the  i^iisl  di^ilacementa 
which  are  described. 

Whitk,  George.  Statistics  of  the  State  of  Georgia,  pp.  1-624,  and  map.  8^.  Savan- 
nah, 1849. 

This  report  con  tains  hriet  mentkm  of  Cretaceous  deposits  on  pages  14  and  3L 

Whitkayks,  J.  F.  On  ^'^nie  invertebrates  from  the  coaI>hearing  rocks  of  tbe  Qneen 
Charlotte  Islands,  vkWi  ted  by  Mr.  James  Richardson  in  1872.  <Geol.Snrv.  Can- 
ada, Mesozoie  Ft«sils,  vol  1,  pwirt  i,  pp.  l-<h>,  pL  1-U\  aod  1  map.     187a 

The  authortiimks  the  fossils  -'exhibit  a  Menliasof  the  Hfeof  the  Cretaceous  period  with 
that  of  the  Junusic/^  and  shows  the  relation  of  »ome  of  them  to  those  of  the  Shasia  forma- 
tion in  California,  and  that  of  others  to  European  spcciesL 
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WHTTXAvas,  J.  F.  On  the  fossils  of  the  Cretaceous  rocks  of  Vanconver  and  adjacent 
lalandB  in  the  Strait  of  Georgia.  <Geol.  Snrv.  Canada,  Mesozoic  Fossils,  rol.  1, 
part  II,  Montreal,  1879,  pp.  9^190,  pi.  11-20.     1879. 

The  foflsilfl  were  collected  by  Mr.  James  Richardson  in  t871-'75.  They  show  the  equlT- 
alency  ot  the  Vancouver  strata  to  the  lower  part  of  the  Chico-T6jon  aeries  of  California. 
Several  species  are  regarded  as  identical  with  those  of  other  North  American  formations,  and 
some  with  species  found  in  Africa,  India,  Australia,  Ireland,  England,  Denmark,  Prance, 
Germany,  and  Switzerland. 

Whitkaves,  J.  F.    On  the  Lower  Cretaceous  rocks  of  British  Colambia.     <Roy.  Soc 

Canada,  Proc.  and  Traus.,  yol.  1,  sec.  4,  pp.  81-86.    1882. 

The  fossils  described  are  from  the  regrion  of  Tatlayoco  Lake,  the  headwaters  of  Skasrit 
River,  the  lower  valley  of  Frazer  River,  and  from  the  northwest  coast  of  Vancouver  Is- 
land. The  author  thinks  they  probably  represent  the  Upper  Oreensand  and  Oault,  together 
with  the  upper  division  of  the  Lower  Cretaceous.  He  proposes  the  name  Queen  Charlotte 
Islands  srroup  for  the  whole  of  Dr.  Dawson's  section  of  the  Cretaceous  rocks  of  those 
Islands. 

Whiteaves,  J.  F.  On  the  fossils  of  the  ooal-bearing  deposits  of  the  Qneen  Charlotte 
Islands,  collected  by  Dr.  G.  M.  Dawson  in  1878.  <Geol.  Snry.  Canada,  Mesozoic 
Fossils,  vol.  1,  part  3,  pp.  192-262,  pi.  21-32.     1884. 

The  aullior  rc;;ards  these  fossils  as  repreaentingr  the  Qault  of  Europe.  He  Identifled  a 
part  of  them  with  species  of  the  Shasta  group  of  California,  and  also  regards  a  part  of  them 
as  identical  with  Chico  species.  He  thinks  the  Shasta  group  represents  two  distinct  for- 
mations.  He  also  expresses  the  opinion  that  the  reputed  Jurassic  strata  of  the  Interior 
and  Pacific  Border  refriona  of  the  United  States  are  "more  nearly  the  equivalents  of  the 
earliest  or  oldest  subdivision  of  the  Middle  Cretaceous.*' 

Whitkaves,  J.  F.  Contribntions  to  Canadian  paleontology,  vol.  1,  part  i.  Report  on 
the  invertebrata  of  the  Laramie  and  Cretaceons  rocks  of  the  vicinity  of  the  Bow 
and  Belly  Rivers  and  adjacent  localities  in  the  Northwest  Territory,  pp.  1-89,  pL 
i-Zi.     <Geol.  and  Nat.  Hist.  Snrv.  of  Canada.      Montreal,  1885. 

This  work  is  mainly  based  on  collections  made  by  Dr.  O.  M.  Dawson  and  Messrs.  McCon- 
nell,  Tyrrell,  and  Weston.  It  contains  a  revision  of  all  the  species  before  published  in  Dr. 
Dawson's  reports  from  the  formations  mentioned  in  the  title. 

Whiteaves,  J.  F.  Note  on  some  Mesozoic  fossils  from  British  Colnmbia.  <G66].  and 
Nat.  Hist.  Surv.  Canada  (new9eries),appendix  1  to  Dr.  G.  M.  Dawson's  Report  B  in 
Annual  Rep.,  vol.  2,  for  1888,  pp.  108-114. 

Seven  species  of  Cretaceous  mollusks  are  described,  among  which  is  AueeUa  piochii  Oabb. 

Whiteaves,  J.  F.  On  some  Cretaceous  fossils  from  British  Columbia,  the  Northwest 
Territory,  and  Manitoba.  ^Contributions  to  Canadian  Paleontology:  Geol.  and 
Nat  Hist.  Sarv.  of  Canada,  pp.  151-184.     1889. 

Mr.  Whiteaves  regards  tlie  Aucel la-bearing  strata  of  the  Pacific  coast.including  "Division 
O"  of  the  (^tieen  (MiarloKe  Island  Cretaceous,  as  the  homotaxial  equivalent  of  tlie  Oault  of 
England. 

Whitfield,  R.  P.  Paleontolo;;y  of  the  Black  Hills  of  Dakota.  <Report  on  the  Geol- 
ogy and  Resources  of  the  Black  Hills  of  Dakota,  with  atlas,  pp.  335-468,  and  pi. 
1-14.    1880. 

Many  Cretaceous  invertebrates  are  described  and  figured  in  this  work,  a  considerable 
part  of  which  were  not  before  known. 

Whitfield,  R  P.  Brachiopoda  and  lamellibranchiata  of  the  Raritan  Clays  and 
Greensand  Marls  of  New  Jersey.  Monograph  U.  S.  Geol.  Survey,  vol.  9,  pp.  269, 
and  35  plates. 

Prof.  Whitfield's  work  is  wholly  paleontological,  but  this  is  preceded  by  a  geological 
sketoh  by  Prof.  Conk. 

Whitfield,  R.  P.    New  Jersey  Cretaceous.     <American  Naturalist,  vol.  21, 1887,  pp. 

66-68. 

The  author  presents  a  table  of  the  fossils  that  have  been  obtained  from  each  of  the  beds 
of  the  New  Jersey  Cretaeeous. 
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Whitfield,  R.  P.    Note  on  the  faanal  resemblance  between  the  Cretaceous  formations 

of  New  Jersey  and  those  of  the  Galf  State&     <Ball.  Am.  Mos.  Nat.  Hist,  toL 

2,  ArL  VIII,  1889,  pp.  113-116. 

Thifl  article  contains  a  table  showing  the  apeoies  which  are  common  to  the  Cretaoeons 
of  New  Jersey,  Alabama,  Mississippi,  Texas,  and  Dakota. 

Whitney,  J.  D.    Geological  Saryey  of  California.    Paleontology,  Preface  to  vol.  2, 

pp.  vii-xiv.     1869. 

On  pages  xri-xiv  Prof.  Whitney  names  and  briefly  describes  the  Cretaceous  formations 
that  had  then  been  recognized  in  California. 

Willis,  Bailey.  The  Lignites  of  the  Great  Sionx  Reservation;  a  report  on  the  Grand 
and  Morean  Rivers,  Dakota.  <Ball.  U.  S.  Geol.  Survey,  vol.  3,  No.  21,  pp.  335- 
348,  and  5  plates,  two  of  which  are  maps.     1885. 

The  author  notes  the  gradual  transition  from  the  Fox  Hills  strata  to  those  of  the  Liara- 
mie.  He  also  mentions  the  presence  of  numerous  beds  of  lignite  in  the  Laramie,  but  he 
found  no  true  coal  in  that  formation  on  the  reservation. 

Willis,  Bailey.  Report  on  the  coal  fields  of  Washington  Territory.  <Tenth  Census 
U.  S.,  vol.  15,  Report  OD  the  Mining  Indostries  of  the  United  States,  pp.  759-771, 
maps,  and  plates.     188G. 

Mr.  Willis  mentions  a  probable  case  of  volcanic  outflow  among  Cretaceous  strata  and 
reports  the  presence  of  important  coal  beds  in  the  formation  in  Puget  Sound  basin  that  was 
afterward  described  by  White  as  the  Puget  group.    (See  sixth  entry  nn  page  58.) 

WlNCHELL,  Alexandeb.  Notes  on  the  geology  of  middle  and  southern  Alabama. 
<Proc.  Am.  Asso.  Adv.  Sci.,  vol.  10,  part  ii,  pp.  82-93,  with  section.     1857. 

The  strata  whicli  by  other  geologists  were  afterward  desigrnated  as  the  Eutaw  group  and 
Tuscaloosa  group.  Prof.  Winchell  refers  to  the  Tx>wer  Cretaceous.  Those  now  known  as 
the  Rotten  limestone  and  Ripley  group  he  refers  to  the  Upper  Cretaceous,  his  classifiGa- 
tion  being  essentially  the  same  as  that  adopted  in  this  memoir. 

Winchell,  N.  H.  The  geology  of  the  Minnesota  Valley.  <Geol.  and  Nat.  Hist.  Sarr. 
of  Minn.,  2d  annual  report  for  1873,  pp.  127-212. 

The  existence  of  Cretaceous  deposits  at  several  localities  in  the  Minnesota  Valley  is  noticed. 

Winchell,  N.  H.  Note  on  lignite  in  the  Cretaceous  of  Minnesota.  <Am.  Jour.  Sci 
3d  ser. ,  vol.  10,  1875,  p.  307. 

The  author  mentions  lignite  in  the  Cretaceous  deposits  of  different  parts  of  Minnesota, 
and  thinks  that  the  Cretaceous  extended  over  the  entire  State  prior  to  the  drift  p«riod.  He 
also  thinks  that  Cretaceous  deposits  were  formed  in  both  Wisconsin  and  Michigan. 

Winchell,  N.  H.  The  Cretaceous  in  Minnessta.  <Bull.  Minn.  Acad.  Sci,  vol.1, 
1878,  pp.  347-349. 

The  author  gives  a  brief  summary  of  the  known  localities  at  which  Cretaceous  deposits 
have  been  observed. 

Winchell,  N.  H.  Section  of  a  deep  well  at  Emmetsbnrg,  Iowa.  <Bull.  Minn.  Acad. 
Sci.,  vol.  1,  1880.  pp.  387,  388. 

It  seems  probable  from  the  report  of  this  boring  thatthere  are  about  200  feet  of  Cretaceous 
deposit^beneAth  the  drift  at  Emmetsburg. 

Winchell,  N.  H.  The  Cretaceous  in  Minnesota.  <Bnll.  Minn.  Acad.  Sci.,  vol.  1, 
1880,  pp.  347-350. 

The  presence  of  Cretaceous  deposits  is  mentioned  in  the  following  counties :  Steele,  Free- 
born, Fillmore,  Mower,  and  other  counties.  The  author  thinks  there  is  evidence  that  these 
deposits  once  covered  nearly  the  whole  .State  of  Minnesota. 

Winchell,  N.  H.,  and  Warren  Upham.  The  Geological  and  Natural  History  Survey 
of  Minnesota.  The  Geology  of  Minnesota,  vol.  2  of  the  final  report,  pp.  695,  4^,  with 
maps  and  plates.     1888. 

Prof.  Winchell  and  Mr.  Upham  show  in  this  report  that  there  are  Cretaoeous  deposits 
in  the  counties  of  Wabasha,  Goodhue,  Dakota,  Carver,  Scott,  Sibley,  Nicollet,  Renville, 

Wrlght,Hennepin,Stearns,DoiislaM,  Pope,  Grant,  Stevens,  Wilkin, Traverse,  OtterTail,  Crow 
Wing,  Morrison,  Becker,  and  Clay.  The  first  three  of  these  counties  border  on  the  Missis- 
sippi. Previous  reports  show  the  existence  of  Cretaoeous  deposits  in  different  ooantiesof 
aoathwettern  Minnesota. 
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HISTOBIGAL  SKETCH. 

The  pablications  of  the  foregoing  list  which  api)ear  ander  the  name  of 
each  aathor  represent  to  a  great  extent  the  growth  of  his  views  upon 
the  general  sabject ;  and  if  the  whole  were  arranged  in  chronological 
order  it  woald  serve  in  some  measure  as  a  historical  guide  to  the  grad- 
nal  development  of  our  knowledge  of  the  North  American  Cretaceous. 
It  would  be  interesting  to  pursue  this  subject  in  detail,  but  the  follow- 
ing brief  sketch  extending  from  the  third  to  the  eighth  decade  of  the 
present  century,  inclusive,  is  thought  to  be  sufficient  for  this  occasion. 

Some  of  the  North  American  formations  which  are  now  recognized  as 
of  Cretaceous  age,  especially  those  along  the  Atlantic  border,  were  par- 
tially studied,  and  observations  upon  them  were  published  as  early  as  the 
second  decade  of  the  present  century,  but  their  true  taxouomic  position 
was  not  then  recognized.  Also  descriptions  of  a  few  characteristic  fossils 
of  those  formations  were  published  by  different  authors  in  these  earlier 
years  of  geological  inquiry,  but  they  were  then  treated  merely  as  zoolog- 
ical specimens,  no  distinct  reference  having  been  made  to  their  geolog- 
ical age.^ 

The  first  published  recognition  of  any  of  the  deposits  of  this  conti- 
Dent  as  representing  the  Cretaceous  of  the  Old  World,  appears  to  be 
due  to  Mr.  John  Finch,  an  English  gentleman  who  visited  the  United 
States  in  1824.  In  that  year  he  published  an  article  in  the  American 
Journal  of  Science,  with  special  reference  to  the  Tertiary  formations  of 
the  Atlantic  coast,  which  contains  the  following  incidental  allusion  to 
the  Cretaceous  strata  there  under  the  name  of  "  newer  Secondary.'*  "  I 
ivish  to  suggest  that  what  is  termed  the  Alluvial  formation  in  the  geo- 
logical maps  of  Messrs.  Maclure  and  Cleveland  is  identical  and  contem- 
poraneous with  the  newer  Secondary  and  Tertiary  formations  of  France, 
England,  Spain,  Germany,  Italy,  Hungary,  Poland,  Iceland,  Egypt, 
and  Hindostan.^'^ 

In  1828  a  more  complete  and  definite  recognition  of  the  Cretaceous 
age  of  these  formations  was  made  b3'  Prof.  Lardner  Yanuxem ;  but 
being  at  that  time  pressed  with  other  matters  he  placed  the  results  of 
his  observations  in  the  hands  of  his  friend,  Dr.  S.  6.  Morton,  for  pub- 
lication. Dr.  Morton  published  these  observations  in  an  article  which 
bears  his  name,  ^  but  he  distinctly  ascribes  their  authorship  to  Prof. 
Yanuxem,  who  ought  to  be  credited  with  first  demonstrating  the  Cre- 
taceous age  of  any  North  American  strata. 

In  the  next  year  Prof.  Vanuxem  restated  his  views  as  to  the  true 
age  of  the  Cretaceous  deposits  ot  the  Atlantic  and  Gulf  Border  regions, 
referring  to  his  notes,  as  published  by  Dr.  Morton,  in  such  a  way  as  to 
leave  no  doubt  that  he  regarded  himself  a«  their  author.  ^ 

1  See,  for  example,  Thonuis  Say,  obserraUons  on  some  species  of  Zoophytes,  shells,  etc.,  principally 
fossil.    Am.  Joar.  Sci.,  1810,  vol.  1,  pp.  381-387 ;  and  voL  2,  pp.  34-45. 

*  Am.  Joar.  Sci.,  1824,  rol.7,  pp.  31-43. 

*  Jour.  Acad.  Nat  Sci.,  Phila.,  1828,  vol.  6,  pp.  59-71. 
« Am.  Joar.  Sci,  1829,  vol.  1^  pp.  254-256. 
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From  time  to  time  after  the  pablication  of  Pro&  Yanaxem's  article, 
Dr.  Morton  pabllshed  descriptions  of  Cretaceoas  fossils,  all  of  which 
were  in  1834  embodied  in  his  then  very  important  work,  Synopsis  of^ 
the  Organic  Bemains  of  the  Cretaceous  Group  of  the  United  States.^ 
About  this  time  also,  travelers  began  to  bring  to  active  geologists 
small  collections  of  fossils,  which  demonstrated  the  existence  of  Creta- 
ceous deposits  in  the  great  interior  portion  of  the  continent.  Descrip- 
tions of,  and  reference  to,  these  fossils  are  contained  in  the  works  of  Dr. 
Morton,  which  were  published  subsequently  to  his  synopsis,  and  which 
are  cited  in  the  foregoing  list. 

In  1836  Prof.  Henry  D.  Rogers  published  a  report  on  the  (Geological 
Survey  of  New  Jersey',  in  which,  besides  much  other  important  mat- 
ter, he  gave  a  descriptive  section  of  the  Cretaceous  formations  of  that 
State.  This  appears  to  be  the  first  published  section  of  North  Ameri- 
can Cretaceous  strata,  and  it  is  in  essentially  tbe  same  form  as  that 
which  is  now  recognized  by  the  geologists  of  that  State.  This  report 
of  Prof.  Sogers  is  noteworthy  as  containing  the  first  published  results 
of  systematic  field  studies  of  the  Cretaceous  formations  which  have 
since  been  so  elaborately  investigated  by  other  geologists. 

In  1837  J.  F.  Ducatel  published  a  report  as  geologist  of  Maryland,^ 
in  which  he  announced  the  existence  of  Cretaceous  deposits  along  Sas- 
safras Biver,  in  that  State;  and  in  the  next  year  Prof.  W.  W.  Mather^ 
suggested  that  certain  deposits  found  in  Suffolk  and  Bichmoud  Coun- 
ties, New  York,  the  former  comprising  a  part  of  Long  Island,  and  the 
latter  the  whole  of  Staten  Island,  are  equivalent  to  some  of  the  New 
Jersey  Cretaceous  strata. 

The  existence  of  Cretaceous  deposits  in  the  valley  of  the  Lower  Mis- 
sissippi now  began  to  be  definitely  known.  In  1840  Dr.  Grerald  Troost,' 
of  Tennessee,  announced  their  existence  in  that  State,  and  gave  a  list 
of  the  fossils  which  he  found  to  characterize  them.  In  the  same  year 
Prof.  Henry  D.  Bogers  published  his  final  report  on  the  geology  of  New 
Jersey,^  which  contains  descriptions  and  sections  of  the  Cretaceous 
formations,  in  addition  to  those  published  in  his  previous  reporL 

There  was  considerable  activity  in  the  study  of  the  North  American 
Cretaceous  in  1841,  inquiry  having  been  directed  to  the  interior  of  the 
continent,  as  well  as  to  the  Atlantic  and  Gulf  Border  regions.  James 
C.  Booth  published  a  report  as  geologist  of  Delaware,^  in  which  he  dis- 
cussed the  Cretaceous  formations  of  that  State ;  James  T.  Hodge  wrote 
of  deposits  of  Cretaceous  age  in  the  southern  Atlantic  States ;'  Pro£ 

'Pnbliflhed  by  the  author  in  Philadelphia  1834,  8to.,  pp.  88,  and  19  lithographed  plates. 
*Beporton  the  Geological  Survey  of  the  State  of  New  Jersey,  Phila.,  1836, 8vo„  pp.  174. 
*AnnaaI  Eeport  of  the  Geologiet  of  Maryland,  Annapolis,  1837, 8vo.,  pp.  39,  and  2  maps. 

*  Report  of  W.  W.  Mather,  geologist  of  the  First  Geological  District  of  Now  York,  1838,  pp.  121-18i. 

*  Fifth  Annual  Report  to  the  Geneial  Assembly  of  Tennessee,  Nashville,  1810,  pp.  75,  and  3  maps. 
'Description  of  the  Geology  of  the  State  of  New  Jersey,  being  a  Final  Report,  Phila.,  1840,  pp.  301, 

8to.,  with  map  nnd  plate  of  sections. 
'  Memoir  of  the  Geological  Surrey  of  the  State  of  Delaware,  Poyer,  1841, 8vo.,  pp.  i-xi  and 9-188. 
>Am.  Jonr.  Scl,  1841,  vol.  41,  pp.  332-343. 
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Edward  Hitchcock  suggested  the  existence  of  Cretaceous  strata  on  the 
Island  of  Martha's  Vineyard,^  and  Dr.  Morton  published  descriptions  of 
New  Cretaceous  fossils,  some  of  which  were  obtained  from  the  then  little 
known  region  traversed  by  the  Upper  Missouri  River. 

Dr.  Morton  also  described  new  species  of  Cretaceous  fossils  in  1842,' 
some  of  which  were  obtained  from  the  Upper  Missouri  Elver  region,  in 
connection  with  which  descriptions  he  tabulated  all  the  North  Ameri- 
can Cretaceous  species  that  were  then  known.  Comparatively  little  of 
any  of  his  published  works  pertained  to  structural  geology,  but  in  the 
article  just  referred  to  he  proposed  three  groups  or  divisions  for  the 
Cretaceous  s^'stem  of  the  United  States,  the  uppermost  of  which,  how- 
ever, is  doubtless  of  Tertiary  age. 

In  1843  Prof.  W.  W.  Mather  announced  the  presence  upon  both  Staten 
and  Jiong  Islands  of  strata  which  in  this  memoir  are  treated  as  theequiv- 
aient  of  the  lower  division  of  the^New  Jersey  Cretaceous,  thus  confirm- 
ing hi&  suggestion  published  5  years  before.^  In  this  year  Issachar 
Oozzens  suggested  the  presence  at  the  western  end  of  Long  Island  of 
strata  equivalent  to  those  of  a  part  of  the  upper  division  of  the  New 
Jersey  Cretaceous.* 

In  this  year  also  I .  N.  Nicollet  published  a  brief  account  of  the  Cre- 
taceous formations  of  the  Upper  Missouri  Eiver  region,  which  served 
to  increase  the  then  prevalent  interest  of  geologists  in  that  direction.^ 

The  presence  of  Charles  Lyell  in  the  United  States  in  1843  and  1844, 
gave  a  still  further  impetus  to  geological  investigation,  and  he  made  a 
considerable  personal  study  of  the  Cretaceous  rocks  of  the  Atlantic  and 
Gulf  border  regions.  In  his  published  articles^  he  placed  those  rocks  in 
correlation  with  the  European  Cretaceous  from  the  Gault  to  the  Maes- 
tricht  beds  inclusive.  He  also  claimed  that  the  uppermost  of  the  three 
Cretaceous  divisions  which  were  proposed  by  Morton,  as  it  is  found  in 
North  and  South  Carolina,  ought  to  be  referred  to  the  Eocene,  as  has 
already  been  intimated. '' 

In  1846,  and  again  in  1848,  Prof.  Ferdinand  Boemer  published  some 
of  the  results  of  his  geological  studies  in  Texas,^  the  completion  of  which 
afterward  appeared  in  his  Kreidebildungeu  von  Texas.  In  those  early 
publications,  as  well  as  in  the  latter  one,  he  pointed  out  the  interesting 
paleontological  relationship  which  exists  between  the  Texan  Cretaceous 
and  that  of  Southern  Europe.  In  1846  also  appeared  Prof.  M.  Tuomey's 
final  report  on  the  geology  of  South  Carolina,  in  which  the  existence  of 

I  Final  Report  on  the  Geolog}'  of  Masnachusetta,  yol.  2, 1841,  p.  4?3. 

>  Jonr.  Acad.  Nat  Sci.  Pliila.,  1842,  vol.  8,  pp.  207-227,  nnd  two  plates. 

sQeolo^ry  of  New  York,  Part  1,  Geology  of  the  Firat  District,  p.  272. 

<  Geological  Hi8t4>ry  of  Manhattan,  or  New  York  Island,  1843,  pp.  Ill,  and  0  plates  8vo.  New  York. 
Published  by  the  aathor. 

*Rep.  Hydrog.  Basin  of  U.  Mississippi  River,  1843,  pp.  1-170.    Am.  Jonr.  Sci.,  1843,  vol.  45,  pp.  1S3-156. 

'  Qnart.  Jour.Geol.  Soc.  London,  vol.  1,  1843.  pp.  55-4S0.    Am.  Jonr.  Sci.  1844,  vol.  47,  pp.  213,  214. 

'  S(M»  also  remarks  on  a  following  pa;;c  relative  to  the  commingling  of  Cretaoeons  and  Tertiary 
forms  in  one  and  the  same  stratum. 

>Am.  Joor.  Sci.,  1848,  vol.  6,  pp.  21-38. 
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Cretaceous  deposits  along  the  rivers  of  the  eastern  part  of  that  State  is 
shown. 

During  the  years  1S48  and  1849  Prof.  Tuomej,  having  moved  to  Ala- 
bama, was  engaged  upon  the  geological  work  of  that  State,  and  his 
first  oClcial  report  was  published  in  1850.^  This  report  contained  a 
good  account  of  the  Cretaceous  formations  of  Alabama,  his  classifica- 
tion of  which  has  been  but  little  modified  by  subsequent  observers. 

An  increasing  number  of  publications  relating  to  the  North  Ameri- 
can Cretaceous  appeared  iu  the  sixth  decade  of  this  century,  and  a 
rapidly  increasing  activity  prevailed  in  the  study  of  those  formations, 
especially  of  those  of  the  interior  of  the  continent.    The  latter  work 

« 

was  largely  accomplished  in  connection  with  Government  expeditions, 
but  much  was  also  done  by  private  enterprise  and  by  scientific  socie- 
ties. 

Prof.  Bocmer's  final  work  on  Texas,^  which  appeared  iu  1S52,  was 
the  best  executed  and  in  many  respects  the  most  important  work  upon 
the  American  Cretaceous  that  up  to  that  time  had  been  published.  It 
not  only  added  much  to  previous  knowledge  of  the  southwestern 
equivalents  of  the  formations  which  were  already  known  in  the  At- 
lantic and  Gulf  border  regions,  but  the  author  therein  demonstrated 
the  existence  in  Texas  of  a  formation  which  was  entirely  unknown  be- 
fore his  investigations  began,  and  which  in  this  memoir  is  assigned  to 
the  Lower  Cretaceous  of  North  America  under  the  name  of  the  Co- 
manche series.  In  the  same  year  also  appeared  the  final  report  of  the 
work  which  David  Dale  Owen  and  a  corps  of  assistants  accomplished 
in  connection  with  the  Government  expedition  under  his  direction.^  In 
this  report  the  existence  of  Cretaceous  formations  along  the  Missouri 
Biver  west  of  Iowa,  was  announced,  and  the  T)reseuce  of  similar  de- 
posits in  northwestern  Iowa  was  suggested. 

In  1853  Congress  authorized  explorations  along  several  lines  across 
the  western  half  of  the  continent,  for  the  purpose  of  selecting  a  route 
for  a  transcontinental  railroad.  Each  expedition  was  accompanied  by 
a  geologist,  the  results  of  whose  observations  were  embodied  in  the 
ofiicial  reports,  commonly  known  as  the  Pacific 'Bailroad  reports.  By 
this  means  knowledge  of  the  Cretaceous  formations  of  the  West  was  in- 
creased, but  owing  to  the  hasty  travel  which  the  observers  were  gener- 
ally obliged  to  make,  it  was  not  so  complete  as  it  otherwise  would  have 
been.  Still,  important  results  were  recorded  iu  the  reports  of  these 
expeditions,  among  the  more  noteworthy  of  which  were  those  recorded 
by  Dr.  John  S.  Newberry,  who  seized  upon  the  most  important  and 
salient  facts,  and  discussed  questions  relating  to  them  which  have  since 
been  investigated  by  himself  and  others  with  increasing  interest.^ 


*  First  Bionnial  Report  on  the  Geology  of  Alabama.     Tuscaloosa,  1850,  8vo.,  pp.  176,  and  map. 

'  Kreidebildnngen  von  Texas  nnd  ihre  organischen  Elnschldsse,  pp.  100  and  11  plates,  4to  Bonn,  1862. 

'Keport  on  a  Geological  Survey  of  Wisconsin,  Iowa,  and  Minnesota,  and  incidentally  of  a  portion  of 
Nebraska  Territory,  4to,  pp.  693,  plates  and  maps.    Washington,  1852. 

«See  Explorations  and  Surreys  for  a  B.  K.  Route  firom  the  Mississippi  River  to  the  Paolflo  Ooean, 
woie^  Part  2,  pp»  9-418, 
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Among  those  who  pashed  out  into  the  new  western  fields  was  Prof. 
James  Hall,  who  had  long  been  engaged  upon  the  geological  work  of 
the  State  of  New  York.  In  1855,  his  official  duties  requiring  his  pres- 
ence in  New  York,  he  employed  Mr.  F.  B.  Meek  and  Dr.  F.  V.  Hayden 
to  explore  a  part  of  the  Upper  Missouri  Biver  region  with  reference  to 
its  Cretaceous  deposits.  The  results  of  this  work  were  mainly  paleon- 
tological  'j  those  pertaining  to  the  invertebrate  fossils  were  published 
jointly  by  Prof.  Hall  and  Mr.  Meek  in  1856.' 

In  1856  Dr.  John  B.  Trask  made  his  well  known  annonucenient  of 
the  discovery  in  California  of  Ammonites  and  Baculites  in  Tertiary 
strata.'  These  strata  are  the  same  that  the  geologists  of  the  Califor- 
nia State  Survey  afterward  named  the  Cbico  group,  referring  them  to 
the  Cretaceous.  They  are  also  in  part  the  same  strata  that  Prof.  Jules 
*  Marcou^  and  other  geologists  have  agreed  with  Dr.  Trask  in  referring 
to  the  Tertiary. 

The  work  already  mentioned,  which  Mr.  Meek  and  Dr.  Hayden  did 
on  the  Cretaceous  formations  of  the  Upper  Missouri  Biver  region  in 
connection  with  Prof.  Hall,  was  the  beginning  of  a  long-continued 
series  of  labors  by  the  two  first-name<l  authors,  "both  jointly  and  sep- 
arately, the  results  of  which  are  still  among  the  most  important  contri- 
butions to  the  literature  of  the  North  American  Cretaceous.  In  1856, 
the  year  In  which  the  results  of  their  first  explorations  appeared,  they 
published  an  article  which  contained  the  section  of  the  Cretaceous 
formations  of  the  Upper  Missouri  Biver  region,  which  has  become  so 
widely  known  as  the  Meek  and  Hayden  section.  ^  They  made  two  gen- 
eral divisions  of  the  series  of  formations  which  their  section  embraced, 
designating  them  respectively  the  Upper  and  Lower  series,  but  they 
afterward  applied  the  terms  Earlier  and  Later  Cretaceous.  ^  The  whole 
section,  however,  is  in  this  memoir  referred  to  the  Upper  Cretaceous  of 
North  America. 

The  report  of  the  United  States  and  Mexican  Boundary  Commission, 
vol.  1,  which  was  published  in  1857,  contains  a  geological  map,  and  also 
important  discussions  of  the  Cretaceous  formations  of  the  United  States 
by  Prof.  James  Hall.  In  those  discussions  Prof.  Hall  pointed  out  the 
true  relation  of  the  then  known  Cretaceous  formations  of  the  interior 
portion  of  the  continent  with  those  of  the  Atlantic  and  Gulf  Border 
regions ;  and  upon  the  map  referred  to  he  indicated  the  areas  which 
were  then  known  to  be  occupied  by  them.  These  statements  of  the 
correlation  of  those  formations  were  the  most  complete  that  up  to  that 
time  had  been  proposed,  and  they  are  adopted  with  little  modification 
in  this  memoir.  At  this  early  date  he  also  showed  that  deposits  of  Cre- 
taceous age  once  extended  over  a  large  part  of  Iowa  and  a  still  larger 

*  Mem.  Am.  Acad.  Arts  Mid  Sci.,  vol.  5,  new  scr.,  1856,  pp.  376-411,  and  8  platea. 
*Proc.  Gal.  Acad.  Sci., vol.  1, 1st  ed.,pp.  85, 86,  plato  2. 

«  Bull.,  Soc.  g6ol.  France,  3*  86r.,  vol.  U,  pp.  407-435. 
«  Proc.  Acad.  Nat.  Sci.,  Pliila.,  1856,  vol.  8,  pp.  265-286. 

*  See  DanaV  Manual  of  Geology,  187i,  pp.  456, 457. 
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part  of  Minnesota.  In  the  same  year  Prof;  Alexander  Winchell  made 
some  important  observations  upon  tlie  Cretaceous  formations  of  Ala- 
bama,^ separating  them  into  two  general  divisions,  which  are  identical 
with  those  proposed  in  this  memoir  for  the  Gulf  Border  region. 

Messrs.  Meek  and  Hayden  continued  their  work  upon  the  Cretaceous 
of  the  Upper  Missouri  Biver  region  during  1857  and  1858,  the  results 
of  which  were  i)nblished  in  1860.^  The  field  work  was  done  by  Dr. 
Hayden,  in  connection  with  an  exiiedition  in  charge  of  Lieut.  G.  E« 
Warren,  U.  8.  Army,  and  the  paleontology  by  Mr.  Meek. 

During  the  year  1859  several  important  publications  appeared  re- 
lating to  the  Cretaceous  formations  of  the  interior  of  the  continent  and 
of  the  Pacific  Border  region,  among  which  were  a  part  of  the  results  of 
Prof.  Newberry's  work  in  New  Mexico.  At  this  time,  also,  began  im- 
portant controversies  as  to  the  true  geological  age  of  a  part  of  the  forma- 
tions in  question.  These  controversies  referred  mainly  to  the  Dakota 
formation  in  the  great  interior  area,  and  to  the  coal-bearing  strata 
upon  and  in  the  vicinity  of  Vancouver  Island ;  the  character  of  the 
fossil  floras  of  those  formations  being  principally  concerned  in  them.  1% 
was  claimed  by  Heer,  Lesquereux,  and  other  paleobotanists,  that  neither 
of  those  formations  could  be  of  greater  age  than  the  Eocene,  and  that 
a  large  part  of  the  plant  remains  obtained  from  them  indicated  their 
Miocene  age.  On  the  other  hand,  Messrs.  Meek  and  Hayden  and  Prof. 
Newberry  showed  that  whatever  the  character  of  the  plant  remains 
might  be,  all  the  strata  containing  them  are  overlain  by  others  which 
contain  an  abundance  of  characteristic  marine  Cretaceous  fossils. 

In  1859,  also.  Prof.  Henry  Youle  Hind  announced  the  existence  of 
Cretaceous  formations  in  a  large  part  of  the  great  interior  portion  of 
British  America.^  In  his  report  Prof.  Hind  referred  to  the  Cretaceous 
system,  not  only  those  strata  concerning  the  Cretaceous  age  of  which 
no  controversy  has  ever  arisen,  but  also  all  those  which  are  now  known 
as  the  Laramie  and  Belly  River  formations. 

On  the  other  hand,  Dr.  Hayden,  who  in  the  same  year  published 
results  of  his  observations  upon  the  strata  which  are  now  known  to  be 
referable  to  the  Laramie  formation,  and  which  are  exposed  along  the 
Upper  Missouri  River,  referring  them  to  the  Tertiary,*  This  may  be 
regarded  as  the  first  of  a  series  of  publications  which  led  to  the  con- 
troversy concerning  the  true  geological  age  of  the  strata  now  known 
as  the  Laramie  formation,  the  second  of  the  great  controversies  which 
have  arisen  concerning  the  true  age  of  formations  that  are  discussed 
in  this  memoir. 

'Notes  on|the  Geology  of  Middle  and  Southern  Alabama.  Proc.  Am.  Assoc  Ad \r.  Sol.,  1857,  vol. 
10,  part  2,  pp.  82-93. 

s Proc.  Acad. Nat. Sci.,  Phila.,  1880,  vol.4,  pp. 417-432. 

*The  Northwest  Territory,  Reports  of  Progress:  together  'with  Preliminary  and  General  Beport 
on  the  Assiniboine  and  Saskatchewan  Exploring  Expedition,  4to,  pp.  201,  2  plates  and  4  maps.  To* 
ronto.    1859.    Another  edition  of  this  report  was  published  in  London  in  1800. 

«  Tzaiu.  Amor.  Philos.  Soo.,  yoL  11,  pp.  121-138. 
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In  I860,  Dr.  B.  F.  Shumard,  who  duriug  the  previous  year  bad  been 
stadying  the  Cretaceous  formations  of  Texas,  published  descriptions  of 
them  and  of  a  considerable  number  of  their  invertebrate  fossils.^  In 
connection  with  those  descriptions  he  published  a  section  showing  the 
order  of  superposition  of  the  Texan  Cretaceous  formations  as  he  under- 
stood it  from  his  restricted  opportunities  for  study,  but  subsequent 
observations  have  shown  the  inaccuracy  of  his  section  in  that  respect* 

Dr.  Philip  T.  Tyson  published  his  first  annual  report  upon  the 
geology  of  Maryland  in  this  year  wherein  he  discussed  the  Cretaceous 
formations  of  that  state.^ 

In  1860,  also.  Prof.  E.  W.  Hilgard  published  his  report  on  the  geology 
of  Mississippi,  in  which  he  gave  a  descriptive  section  of  the  Cretaceous 
formations  of  that  State,  a  summary  of  which  is  given  in  this  memoir, 
and  of  which  little  or  no  modification  has  been  proposed  by  subsequent 
authors. 

In  this  year  Meek  and  Hayden  published  a  catalogue  of  all  the  Jurassic, 
Cretaceous,  and  Tertiary  fossils  which  were  collected  upon  the  expedi- 
tions in  charge  of  Lieut.  G.  K.  Warren.  In  this  publication  those 
authors  continued  to  refer  to  the  Tertiary  all  the  strata  which  are  now 
known  as  Laramie.^ 

An  important  article  was  published  in  1861  by  Meek  and  Hayden,^ 
which  embraced  results  of  field  observations  made  by  Dr.  Hayden  in 
connection  with  the  expeditions  in  command  of  Capt.  Baynolds.  In 
this  article  those  authors  pointed  out  the  correlation  of  some  of  the 
western  Cretaceous  formations  and  those  of  ISew  Jersey,  and  also  ex- 
pressed their  views  concerning  the  relation  of  the  latter  to  some  of  the 
Old  World  Cretaceous. 

The  most  important  report  that  had  up  to  this  time  been  published 
concerning  the  Crct:ieeous  formations  of  the  great  interior  area  was 
one  by  Dr.  J.  S.  Newberry  recording  his  observations  in  connection 
with  the  United  States  expedition  in  command  of  Lieut.  J.  C.  Ives.^  The 
region  he  reported  upon  is  now  mostly  embraced  in  the  Territories  of 
New  Mexico  and  Arizona. 

In  Canada,  as  well  as  in  the  United  States,  the  importance  of  obtain- 
ing definite  knowledge  of  the  geology  of  the  western  regions  caused 
that  government  to  send  out  exploring  expeditions.  Dr.  James  Hector,*^ 
who  was  appointed  geologist  to  the  one  which  was  placed  in  command 
of  Capt  J.  Palliser,  published  a  report  of  his  observations  in  1861,  de- 
scribing the  Cretaceous  formations  of  the  region  which  he  traversed, 
showing  their  correlation  with  those  of  the  Upper  Missouri  section  of 


>  TnuiA.  St  Loaia  Acad.  Sci.,  vol.  ],  pp.  582-610. 

'First  Report  of  Philip  T.  Tyson,  State  Agricultural  Chemiat  to  the  house  of  delegatea,  of  Mary* 
land.    Annapolis.    I860. 

*  Proc.  Acad.  Nat,  Scl.,  Phila.,  1860,  voL*4,  pp.  417-432. 

*  Ibid..  1861,  vol.  5,  pp.  415-447. 

■Report  upon  the  Colorado  River  of  the  West,  explored  in  1857  and  1858.    Joseph  C.  Itos,  Part  3, 
pp.  1-154, 2  maps  and  6  plates.    Washington,  1861. 
'Quart  Jour. GeoL  Soo.,  London,  1861,  toI.  17, pp.  388-446, and  map. 
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Meek  and  Hayden  and  with  other  formations.  He  recognize  the  Ore- 
taceons  age  of  the  coal-bearing  formation  at  Nauaimo,  on  Yancoaver 
Island,  the  true  age  of  which,  as  alreaiiy  mentioned,  was  in  dispute. 
The  controversy  upon  this  question  was  continued  in  this  year  by  those 
who  had  previously  engaged  in  it. 

.  In  1802  Prof.  Jules  Marcou  published  an  important  article  entitled 
Notes  on  the  Cretaceous  and  Carboniferous  Rocks  of  Texas,^  in  which 
he  gave  his  views  as  to  the  true  order  of  superposition  of  the  Cretaceous 
formations  of  that  State  and  of  their  relation  to  the  Cretaceous  of 
Europe.  This  section  is  essentially  correct,  and  is  nearly  the  same 
as  the  one  afterward  published  by  myself  and  by  Mr.  B.  T.  Hill.' 
In  the  same  year  Dr.  Hayden  published  a  general  summary  of  his 
observations  in  the  Upper  Missouri  country,  and  Dr.  Tyson  pub- 
lished his  second  report  on  the  geology  of  Maryland  in  which  he  tabu- 
lated the  Cretaceous  formations  of  that  State. 

Comparatively  few  important  publications  concerning  the  North 
American  Cretaceous  appeared  in  1863.  Prof.  Newberry,  however,  in 
this  year  published  descriptions  of  the  fossil  plants  which  were  collect^ 
^  upon  Vancouver  and  Orcas  Islands  by  Mr.  George  Gibbs,  geologist  of 
the  Northwest  Boundary  Survey,^  when  he  took  the  ground  that  these 
plants  are  of  Cretaceous  and  not  of  Miocene  types,  as  they  had  been 
regarded  by  Heer  and  Lesquereux. 

In  the^first  volume  of  the  Paleontology  of  California,  which  appeared 
in  1864,  Mr.  W.  M.  Gabb  published  a  large  number  of  species  of  fossil 
invertebrates  which  were  collected  from  strata  that  wc'e  afterward  re- 
ferred to  the  Shasta,  Chico,  and  T6jon  groups,  respectively,  all  of  which 
he  regarded  as  of  Cretaceous  age.  Mr.  Conrad  and  others,  however, 
refused  to  admit  that  those  fossils  which  were  obtained  from  the  T6jon 
group  are  of  Cretaceous  age,  but  insisted  upon  assigning  them  to  the 
Eocene.  This  was  the  beginning  of  another  controversy  as  to  the  true 
geological  age  of  formations  discussed  in  this  memoir,  which  has  re- 
sulted in  the  recognition  of  the  fact  that  the  ChicoT^jon  series  consti- 
tutes an  unbroken  transition  from  the  Cretaceous  to  the  Tertiary. 

In  the  same  year  Mr.  Gabb  published  descriptions  of  some  inverte- 
brate fossils  from  the  gold-bearing  slates  of  the  Mariposa  estate,^  one 
species  of  which,  his  Lima  erringtoniij  is  now  regarded  as  identical 
with  his  Aucellu  piochii,  and  as  at  best  only  a  variety  of  A.  cancentrica 
Keyserling.  Mr.  Gabb  and  others  regarded  the  strata  bearing  his 
L.  erringtonii  as  of  Jurassic  age,  but  there  seems  now  to  be  no  reason  to 
question  its  Cretaceous  age,  as  is  explained  on  subsequent  pages.  In 
1864  also.  Prof.  J.  M.  Safiford  published  an  article  in  which  he  showed 
that  the  Cretaceous  outcrop  of  the  Gulf  States  is  continued  as  a  nar- 
row belt  from  northern  Mississippi  across  the  State  of  Tennessee  to  the 
Kentucky  boundary. 

■  Proc.  Boat.  Soo.  Nat  Hiat.,  vol.  8,  pp.  86-98. 

*  Proo.  Acad.  Nat.  Soi.,  Pliila.,  1887,  Fart  i,  pp.  39-i7. 

*  Am.  Jour.  Sci.,  1887,  vol.  33,  pp.  291-303. 

<  Jour.  Boat  Soc.  ^ at  mist ,  \«a, ^o\.1  ,^v-  S<»-S2ft, 

*  Proo.  Ca\.  Ac»d.l!^at.  ScA«»i,vo\.^,^v  A1^,V». 
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Several  important  publications  upon  the  Cretaceous  appeared  in 
1865.  Prof.  Geo.  H.  Cook,  State  geologist  of  New  Jersey,  in  his  annual 
report  for  this  year  published  a  map  and  sections  showing  the  area 
occupied  by,  and  the  character  of,  the  formations  constituting  the  New 
Jersey  Cretaceous,  and  noted  the  extension  of  the  lower  formation  into 
Pennsylvania  and  Staten  Island.  In  this  year  also  Prof.  Joseph  Leidy 
published  descriptions  of  an  important  collection  of  vertebrate  fossils 
from  the  New  Jersey  Cretaceous.* 

It  was  in  1865  that  the  geological  survey  of  California  published  vol- 
ume 1,  Geology,  in  which  Mr.  Meek  described  several  species  of  fossils 
from  the  auriferous  slates  of  that  State,  among  which  was  the  Aucella 
that  Mr.  Gabb  had  described  under  the  name  of  Lima  erringtoniu^ 
These  fossils  have  since  assumed  much  importance  because  of  their  bear- 
ing upon  the  geological  age  of  the  strata  containing  them  and  because 
that  form  of  Aueella  has  been  found  to  characterize  an  extensive  Cre- 
taceous horizon  in  the  Pacific  border  region.  Those  fossils  from  the 
auriferous  slates  were  then  referred  to  the  Jurassic  by  Mr.  Meek,  as 
they  had  previously  been  by  Mr.  Gabb,  but  they  are  in  this  memoir 
treated  as  of  Cretaceous  age.^ 

The  controversy  concerning  the  geological  age  of  the  gold-bearing 
slates  in  which  these  fossils  were  discovered,  although  perhaps  never  so 
prominent  as  have  been  some  of  the  other  controversies  of  which  men- 
tion is  made  in  previous  paragraphs,  has  within  the  last  few  years  as- 
sumed some  additional  importance  because  of  its  bearing  upon  discus- 
sions concerning  the  age  of  certain  erogenic  movements  which  have  oc- 
curred in  California,  especially  those  published  by  Dr.  G.  F.  Becker.^ 

Mr.  Conrad  having  criticised  Mr.  Gabb's  reference  of  the  fossils  of 
the  T^jon  group  of  California  to  the  Cretaceous,  which  the  former  re- 
garded as  Tertiary,Mr.  Gabb,  in  1866.  vigorously  replied,  defending  his 
opinion  that  they  are  of  the  Cretaceous  age,  as  he  had  also  done  on  for- 
mer occasions.^ 

In  1867,  Dr.  Hayden  again  discussed  the  Dakota  formation,  defending 
his  views  as  to  its  Cretaceous  age  and  opposing  the  views  of  those 
who  claimed  that  its  plants  prove  its  Tertiary  age.^ 

Mr.  A.  R^mond  announced  the  discovery  of  the  Cretaceous  deposits 
in  the  State  of  Sonora,  Mexico,^  of  which  Mr.  Gabb  afterward  published 
descriptions  and  figures.^    Prof.  James  Hall  con  tinned  his  observations 

*  Smithsonian  Contributions  to  Knowledge,  1865,  vol.  14,  pp.  135  and  20  plates. 

*  Proc  Cal.  Acad.  Nat.  Sci.,  1864,  vol.  3,  pp.  172, 173. 

'I  hare  discupsed  this  subject  at  some  length  in  Bull.  U.  S.  Geol.  Survey,  No.  15,  and  in  Monograph 
13,  n.  S.  Oeol.  Survey,  pp.  226-232.  While  I  am  not  prepared  to  deny  tho  statement  of  certain  authors 
that  in  Europe  AueeUa  ranges  firom  the  Jurassic  into  the  Lower  Cretaceous,  I  find  no  reason  for  be- 
lieving that  shells  of  that  genus  occur  in  any  other  than  Lower  Cretaceous  strata  in  California. 

^Bnll.  U. S.  Geol.  Survey,  No.  19,  Monograph  U.  S.Geol.  Survey,  vol.  13,and  Bull.  Geol.  Soc.  America^ 
vol.  2,  pp.  201-206. 

*  Am.  Jour.  Conch.,  1866,  vol.  2,  pp.  87-92. 
'  Am.  Jonr.  Sci.,  1867,  vol.  43,  pp.  171-179. 
'Ptoo.  Cal.,  Acad.  Nat  Sci.,  1867,  pp.  244-257. 

*  Paleontology  of  California,  voL2,  pp.  357-276. 
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upon  the  Oretaceoas  of  Minnesota  ^^  and  Mr.  Conrad  disputed  the  tlien 
somewhat  prevalent  belief  that  certain  strata  in  the  Atlantic  border 
region  contain  afaunaland  not  a  mechanical  commingling  of  Cretaceous 
and  Tertiary  fossils.' 

Prof.  G«o.  H.  Cook  in  1868  pablished  his  principal  volume  of  official 
reports  on  the  geology  of  Kew  Jersey,  which  contains  more  elaborate 
descriptions  and  illustrations  of  the  Cretaceous  formations  of  that  State 
than  before  had  been  published.  The  section  of  the  New  Jersey  forma- 
tions thus  constructed  from  the  labors  of  several  investigators  has 
become  the  standard  for  all  Cretaceous  deposits  of  the  Atlantic  border 
region,  and  it  is  now  known  to  hold  an  important  relation  to  the  Upper 
Cretaceous  of  the  remainder  of  the  continent. 

In  1868  also,  Prof.  Newberry  published  an  article '  preliminary  to  a 
report  which  he  published  the  following  j'ear*  containing  descriptions  of 
many  Cretaceous  plants,  together  with  some  from  the  Fort  Union  beds, 
near  the  mouth  of  Yellowstone  River,  the  latter  being  then  referred  to 
the  Miocene.  In  these  publications  Prof.  Newberry  repeats  his  former 
statement  that  the  Dakota  formation  and  the  coal-bearing  strata  of 
Bellingham  Bay  are  of  Cretaceous,  and  not  of  Tertiary  age,  as  has  been 
claimed  by  others,  his  opinion  being  based  upon  the  character  of  the 
plant  remains,  without  reference  to  the  character  of  the  associated 
fauna. 

In  this  year  Dr.  Hayden  published  an  article  entitled  Notes  on  the 
Lignitic  deposits  of  the  West,^  in  which  he  assumed  that  all  the  lignites 
of  the  great  interior  area  belong  to  one  and  the  same  formation,  and 
that  they  are  all  of  Tertiary  age.  It  is,  however,  now  known  that  a 
large  part  of  them  occur  in  marine  Upper  Cretaceous  formations,  a  part 
of  them  in  the  Laramie,  and  only  a  small  part  of  them  in  strata  that 
all  geologists  agree  in  referring  to  the  Tertiary. 

In  1809  appeared  volume  2,  Paleontology  of  California,  in  which 
Prof.  J.  D.  Whitney  gave  a  concise  statement  of  the  recognized  Creta 
ceous  formations  of  that  State,  and  Mr.  Gabb  described  and  figured  a 
large  number  of  invertebrate  fossils.  In  this  work  Mr.  Gabb  continued 
to  refer  to  the  Cretaceous  system  the  fossils  of  all  the  strata  that  are 
compiised  in  what  is  now  known  as  the  Chico-T^jon  series. 

The  eighth  decade  of  this  century  witnessed  greater  activity  in  geo- 
logical investigation  in  North  America  than  had  ever  before  existed; 
and  knowledge  of  the  Cretaceous  formations  of  the  West  correspond- 
ingly increased.  The  latter  was  mainly  due  to  opportunities  for  study 
which  were  extended  to  geologists  in  connection  with  explorations  that 
were  undertaken  by  government  authority,  both  in  Canada  and  the 
United  St«ates,  but  much  was  also  done  by  individual  enterprise. 


'  Trans.  Araer.  Philos.  Soc,  1807,  vol.  13,  pp.  329-339. 

*  Am.  Joar.  Sci.,  1867,  toI.  43,  p.  2G0.    Thia  Ruhject  is  discua-scil  on  following pugea  of  this  memoir. 
'Annals  N.  Y.  Lyceam  Nat.  Hist ,  ISIS,  vol.  9,  pp.  1-76. 

*Geol.  Rep.  Expl.  Tellowstonn  anil  Missouri  rivers  in  18.'V9  and  IdCO,  b}*  Dr.  F.  V.  Hayden,  assistant 
UDder  the  direction  of  Capt.  W.  F.  RaynoUs,  pp.  145-174,  WasUinffton,  1869. 
'Am.  Joar.  ScL,  186&,  vol  43,  pp.  108-208. 
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In  1870,  Dr.  Hermanu  Gredner  pnblished  some  results  of  his  obser- 
vations npon  the  New  Jersey  Cretaceous^  in  which  he  pointed  oat  its 
close  relationship  to  the  Upper  Cretaceous  of  Europe.  So  intimate 
did  he  regard  this  relationship  that  in  the  article  referred  to  he  men- 
tions upward  of  forty  species  of  the  New  Jersey  Cretaoeous  fossils  as 
being  specifically  identical  with  those  of  the  Senonian  of  northern 
Europe. 

Peter  Doroschin,  a  Bnssian  engineer,  having  made  considerable  col- 
lections of  fossils  in  Ahiska  and  the  Aleutian  Islands,  Profl  E.  Eich- 
wald  pnblished  descriptions  and  iigares  of  them  in  St.  Petersburg  in 
1871.'  Among  these  fossils  were  numerous  examples  of  several  varie- 
ties of  Aucellaconcentrica,  which  Prof.  Eichwakl  confidently  asserted  to 
be  characteristic  of  the  Lower  Cretaceous,  in  opposition  to  the  viewf  ^ 
other  paleontologists,  who  had  regarded  AtioeZ^«as  exclusively  a  Jnra^j- 
sic  genus.  This  publication  of  Prof.  Eichwald^s  contained  the  first  dis- 
tinct recognition  of  Cretaceous  deposits  in  that  far  northwestern  region, 
and  our  knowledge  of  the  Cretaceous  there  has  since  been  increased 
only  by  the  discovery  at  a  few  other  localities  of  a  small  number  of 
fossil  forms  in  strata  which  apparently  belong  to  the  same  or  nearly  the 
same  horizon. 

The  parties  connected  with  the  Second  German  North  Pole  expedi- 
tion obtained  a  small  collection  of  fossils  upon  Kuhu  Island,  off  the 
east  coast  of  Greenland,  descriptions  and  figures  of  which  were  pub- 
lished in  1874  by  Prof.  F.  Toula,  who  referred  tliem  to  the  Jurassic.^ 
This  collection  contained  varieties  of  Aucella  concentrica  which  show 
the  presence  there  of  strata  which  correspond  to  the  Aucella  bearing 
strata  of  Alaska,  British  Columbia,  and  California;  all  of  which,  in 
this  memoir,  are  referred  to  the  Lower  Cretaceous. 

From  and-  after  the  early  part  of  the  eighth  decade  of  this  century 
the  number  of  investigators  greatly  increased,  and  publications  con- 
cerning the  North  American  Cretaceous  became  correspondingly  nu- 
merous and  comprehensive.  Therefore  the  history  of  this  subject  was 
proportionally  less  marked  by  conspicuous  events  than  formerly,  al- 
though the  labors  concerning  it  so  greatly  increased  in  general  impor- 
tance. The  events  also  which  followed  those  that  have  been  mentioned 
in  the  preceding  paragraphs  are  so  little  removed  from  the  present 
time  that  further  historical  details  are  hardly  necessary  on  the  present 
occasion. 

During  the  eighth  and  ninth  decades  the  greater  part  of  the  publi- 
cations concerning  the  North  American  Cretaceous  were  made  in  con- 
nection with  reports  of  government  explorations  and  surveys,  both  of 
the  United  States  and  Canada.  In  the  United  States  this  ofiicial  work 
was  prosecuted  under  three  organizations,  in  charge  of  Dr.  P.  V.  Hay- 

— • -        -_ _^  _  HI  I  — ■■ L_J_iBMJ-J__^L  _■■_■-■  J_ ^^^ 

1  Zeltsohrlft  dor  Deutschen  freol.  Geseil..  Jalir.  1870,  pp.  101-25*  and  innpn. 

*Oeognoflt.  Palaeout.  Bimierkang  i'lber  dio  Ualbiunel  Mauj^iiichlak  uud  der  Aleutlschen  InsclD,pp. 
88-200,  St  Petereburg.  1871. 
'Blesweitedeatache  Nordpolarfahrt,  2  Band,  pp.  497-507,  and  two  vV»>tAa. 
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den,  Maj,  J.  W.  Powell,  and  Lieut.  George  M.  Wheeler  respectively, 
until  the  year  1879,  when  they  were  all  discontinued  and  the  present 
Geological  Survey  was  established  by  Congress. 

The  Canadian  Survey  had  been  in  progress  many  years  before  the 
present  United  States  Survey  was  organized,  but  the  former  was  mainly 
engaged  upon  the  older  formations  of  the  eastern  part  of  British 
America,  until  after  the  reports  of  the  Northwestern  Boundary  Com- 
mission and  of  the  other  expeditions  already  mentioned  had  been  pub- 
lished. Then  the  Canadian  Geological  Survey  began  systematic  inves- 
tigation in  the  interior  and  western  portions  of  British  America,  among 
the  results  of  which  are  some  of  the  most  important  additions  to  our 
knowledge  of  the  North  American  Cretaceous  that  have  yet  been  made. 

DISCUSSION  OP  THE  FORMATIONS  BY  REGIONS. 
EXPLANATION  OF  TERMS  AND  METHODS* 

While  no  rocks  of  Cretaceous  age  are  known  to  exist  in  much  the 
greater  part  of  North  America,  in  some  portions  of  the  continent  they 
constitute  prominent  geological  and  topographical  features ;  and  they 
are  exi)osed  at  the  surface  over  several  large  as  well  as  numerous 
small  areas.  Fqt  convenience  of  description  and  discussion,  those  por- 
tions of  the  continent  in  which  Cretaceous  rocks  occur  must  be  divided 
geographically,  although  such  divisions  must,  to  a  great  extent,  be 
arbitrarily  designated  as  to  their  boundaries.  For  the  present  purpose 
the  ordinary  term  region  will  be  restricted  in  its  use  to  indicate  the  pro- 
posed geographical  divisions,  while  in  the  descriptions  which  are  to  fol- 
low the  terms  area  and  district  will  be  used  with  the  usual  allowable 
latitude. 

The  regions  which  are  thus  recognized  are  in  part  widely  separated 
from  one  another,  but  in  most  cases  each  region  is  in  some  degree  con- 
nected with  one  or  more  others  by  a  continuity  of  Cretaceous  strata. 
Still,  some  of  the  Cretaceous  format  ions  which  prevail  in  each  of  the 
designated  regions  are  found  to  possess  certain  distinguishing  geologi- 
cal or  paleontological  characteristics,  so  that  this  proposed  geographi- 
cal division  of  the  American  Cretaceous  is  not  wholly  artificial,  nor 
merely  a  matter  of  convenience.  The  following  are  the  names  which 
are  applied  to  the  respective  regions  that  have  been  recognized. 

Atlantic  Border  region. 
.Gulf  Border  region. 

Texan  region. 

North  Mexican  region. 

South  Interior  region  j  ^h^  Great  Interior  area. 
North   Interior  region  t 
Pacific  Border  region. 
The  respective  boundaries  of  each  region  are  defined  upon  appropri- 
ate pages,  and  they  are  also  shown  upon  the  map  opposite  (PI.  i). 
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It  will  be  seen  that  in  each  case  the  boundaries  include  not  merely 
the  space  which  is  actually  occupied  by  Cretaceous  strata  at  the  sur- 
face, but  sufficient  additional  space  is  included  to  show  the  relation  of 
the  Cretaceous  with  other  formations,  as  well  as  the  relation  of  the  re- 
spective regions  to  other  x>ortions  of  the  continent  These  bouudaries 
of  course  refer  to  the  present  known  limits  of  areas  in  which  Cretaceous 
formations  occur  at  the  surface,  and  not  to  the  limits  of  areas  upon  which 
they  were  originally  deposited.  It  also  will  be  seen  that  all,  except  the 
greater  part  of  one,  of  the  designated  regions  are  included  within  the 
limits  of  the  United  States  together  with  the  southern  portion  of  British 
America,  in  which  parts  of  the  continent  only  have  the  Cretaceous  rocks 
been  systematically  studied. 

A  large  part  of  the  continent  is  too  little  known  to  Mlow  any  satis- 
factory discussion  of  or  reference  to  its  geological  formations;  but  it 
can  not  be  doubted  that,  with  the  exception  of  central  and  southern 
Mexico  and  of  Central  America,  the  regions  designated^in  this  memoir 
embrace  all  the  important  areas  which  are  occupied  by  (3retaceous  rocks. 
Rocks  of  this  system  have  been  reported  to  exist  in  some  of  the  com- 
paratively little  known  districts  referred  to,  which  reports  have  been 
based  upon  a  few  difficult  explorations  and  the  discovery  of  compara- 
tively few  characteristic  Cretaceous  fossils.  Therefore  the  information 
which  has  hitherto  been  obtained  concerniug  them  is  so  meager  that 
they  can  not  be  satisfactorily  discussed  in  connection  with  the  forma- 
tions of  the  respective  regions,  but  they  will  be  noticed  under  the  head 
of  Extra-Regional  Districts. 

The  boundaries  of  the  regions,  as  they  are  defined  on  following  pages, 
while  they  are  largely  natural  are  to  some  extent  arbitrary.  In  some 
cases  they  do  not  coincide  with  the  natural  limits  of  the  fossil  faunas 
which  characterize  the  Cretaceous  strata  of  each  region  respectively, 
lor  in  such  cases  the  fauna  of  one  region  is  largely  represented  in  an- 
other; that  is,  the  regions  here  designated  are  geographical  subdivi- 
sions, and  not  faunal  provinces.  Agaiu,  the  boundaries  of  these  regions 
do  not  necessarily  coincide  with  any  interruption  of  geographical 
continuity  of,  or  with  any  marked  lithological  change  in,  the  charac- 
ter of  the  strata,  for  in  several  cases  the  formations  of  one  region  may 
be  traced  into  an  adjacent  one  without  a  geographical  break,  and  with- 
out material  change.  In  other  cases  the  formations  are  presumably 
continuous  in  a  similar  manner  from  one  region  to  another  beneath 
superincumbent  strata  of  later  age.  It  is  therefore  apparent  that-,  in 
the  general  discussion  which  will  follow  the  presentation  of  the  facts 
pertaining  to  the  respective  regions,  the  existence  of  some  of  these 
designated  boundaries  must  largely  be  ignored. 

All  the  stratigraphical  divisions  that  have  been  proposed  by  various 
authors  will  be  more  or  less  distinctly  recognized,  but  in  some  cases 
two  or  more  of  such  proposed  groups  of  strata  will  be  regarded  as  one. 
Following  the  general  presentation  of  the  subject  of  t\i^  tot\si^\A»vi^  ^6sql 
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attempt  will  be  made  to  tnice  out  the  great  paleontological  horizons  of 
the  continent  which  the  formations  represent  that  are  embraced  within 
the  scope  of  this  memoir. 

As  has  been  mentioned  on  a  preceding  page^  the  general  Cretaceons 
section  of  the  continent  will,  in  this  memoir,  be  divided  into  Upi)er  and 
Lower  Cretaceous,  bat  withont  any  intention  of  indicating  that  those 
two  great  divisions  respectively  are  really  eqnivalent  to  the  Upper  and 
Lower  Gretaceons  of  Earope.  All  the  formations  which  have  by  any 
geologist  been  referred  to  the  North  American  Cretaceons  will  be  recog- 
nized for  discussion,  and  the  names  which  have  been  applied  to  them 
will  in  most  cases  be  retained  in  the  tables  of  sections  which  are  given 
on  following  pages,  bat  in  some  cases  two  or  more  of  the  formations 
which  some  authors  have  recognized  will  be  united  into  one. 

A  few  words  of  explanation  of  some  of  the  terms  which  are  to  be  used 
in  the  following  pages  with  reference  to  the  classification  of  strata  is 
thought  to  be  necessary  because  they  have  been  so  variously,  and  often 
loosely,  used  by  geological  writers.  This  seems  to  have  been  mainly 
due  to  the  fact  that  no  one  assemblage  of  strata  ever  has  more  than 
approximately  the  same  classificatory  value  as  another,  and  to  the  con- 
sequent impracticability  of  cle  irly  defining  the  terms  used  tadesignate 
such  assemblages.  This  difficulty  is  doubtless  not  wholly  avoidable, 
but  I  shall,  in  accordance  with  the  rule  of  the  Survey,  use  the  term 
formation  for  those  assemblages  of  strata  to  which  the  term  group  has 
generally  been  applied.  The  latter  term,  however,  will  be  retained  in 
citations  of  and  quotations  from  the  works  of  those  geologists  who  have 
used  it  instead  of  the  term  formation.  The  term  epoch  will  be  used  as 
a  time  correlative  of  the  structural  term  formation.  The  term  series 
will  be  used  as  a  collective  designation  for  several  more  or  less  closely 
related  formations  or  for  a  large  formation  that  really  or  presumably 
may  be  capable  of  subdivision  into  smaller  ones,  at  least  locally.  The 
Comanche  series  is  an  example  of  the  hitter  k  ind.  As  to  the  use  of  other 
terms  than  those  which  have  been  mentioned,  it  is  thought  that  the 
manner  of  their  use  will  make  explanation  unnecessary. 

THE  ATLANTIC  BORDER  REGION. 

This  region,  as  its  nauie  implies,  lies  adjacent  to  the  coast  of  the 
Atlantic  Ocean,  Its  outlines  are  shown  upon  the  map  (PI.  i)  opposite 
page  72,  which  also  shows  its  position  with  relation  to  the  adjacent 
parts  of  the  continent.  It  essentially  consists  of  the  broad  belt  of  low 
country  which  has  been  appropriately  designated  as  the  coastal  plain, 
together  with  the  adjacent  peninsulas  and  islands.  Its  average  eleva- 
tion above  the  sea  is  less  than  that  of  any  of  the  other  regions,  and  its 
strata  have  suffered  comparatively  little  disturbance  since  their  deposi- 
tion. It  includes  portions  of  the  States  of  South  Carolina,  Virginia, 
Maryland,  Delaware,  Pennsylvania,  New  Jersey,  and  New  York,  apart 
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of  the  District  of  Golainbia,  and  also  certain  of  the  islands  which  lie 
off  the  southern  coast  of  New  England. 

The  eastern  boundary  of  the  region  is  the  Atlantic  Ocean  and  its 
western  boundary  is  the  dividing  line  between  itself  and  the  Piedmont 
region,  which  is  wholly  occupied  by  rocks  that  are  older  than  the  Cre- 
taceous. Its  northern  limit  includes  the  islands  just  mentioned  and, 
for  preseut  convenience,  the  Savannah  Kiver  is  chosen  as  the  southern 
boundary.  This  southern  boundary  is  chosen  only  for  present  con- 
venience, because  the  Atlantic  and  Gulf  Border  regions  are  so  inti- 
mately related  to  each  other  as  regards  their  geological  formations  and 
general  surface  characteiistics,  that  they  can  only  be  separated  arbi- 
trarily. The  other  boundaries  of  the  Atlantic  Border  region  are  nat- 
ural and  capable  of  clearer  definition. 

The  Piedmont  region,  which  lies  upon  the  western  side  of  the  At- 
lantic Border  region,  is  very  extensive,  but,  as  it  is  not  necessary  for 
our  present  purpose  to  fully  define  its  boundaries,  it  may  merely  be 
designated  as  extending  continuously  from  New  England  to  the  Gulf 
States.  The  topographical  and  geological  contrast  between  that  region 
and  the  Atlantic  Border  region  makes  the  dividing  line  between  them 
quite  distinct.  On  the  one  hand  the  moderately  elevated  and  diversified 
surface  of  the  Piedmont  region  is  occupied  by  a  great  series  of  con- 
torted crystalline  Archean  rocks,  upon  which  here  and  there,  within 
limited  districts,  rest  more  or  less  displaced  Cambrian  and  Triassic 
strata.  The  presence  of  trap  dikes  in  many  places  adds  to  the  dis- 
turbed condition  of  those  rocks.  On  the  other  hand  the  comparatively 
low  and  flat  surface  of  the  Atlantic  Border  region  stretches  away  to 
the  ocean ;  the  low  hills  which  occur  within  its  borders  being  only 
those  of  circumdenudation. 

The  boundary  line  between  the  Piedmont  region  and  the  Atlantic 
Border  region  is  even  more  distinct  than  might  be  inferred  from  the 
contrast  between  the  geological  and  topographical  features  of  each  re- 
respectively.  It  is  the  line  along  which  the  western  border  of  the  Creta- 
ceous outcrops  rest  unconformably  upon  the  abrupt  eastern  border  of  the 
older  rocks.  It  is  indeed  identical  with  the  last  named  border,  although 
in  some  places  the  later  rocks  lap  further  westward  upon  the  earlier 
than  in  others.  This  border  is  so  distinct  a  natural  feature  that  the 
people  of  the  country  recognize  it  and  often  refer  to  it  in  the  ordinary 
afi^rs  of  life.  They  call  it  the  "  fall  line  ^  because  all  the  streams  which 
rise  in  and  flow  eastward  from  the  Piedmont  region,  upon  reaching  its 
seaward  border,  fall  more  or  less  abruptly  over  the  suddenly  terminating 
older  and  harder  formations  of  that  region  upon  the  lower  and  softer 
ones  of  the  Atlantic  Border  region.  To  aid  the  eye  in  tracing  this  boun- 
dary upon  an  ordinary  map  it  may  be  mentioned  that  the  following 
cities  lie  approximately  upon  it:  New  York,  Trenton,  Philadelphia, 
Baltimore,  Wasihingtou,  Richmond,  Raleigh,  Columbia,  and  Augusta. 
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The  elevation  of  the  whole  surface  of  the  Atlantic  Border  re^on 
above  the  level  of  the  sea  is  so  slight  that,  aside  from  the  coast  and 
drainage  lines,  few  topographical  featares  are  developed  which  are 
capable  of  being  represented  npon  an  ordinary  map.  Tide  water,  in 
numeroas  bays  and  rivers,  reaches  far  within  its  borders,  and  in  some 
cases  entirely  across  it,  when  the  tide-How  is  checked  by  the  rock 
obstructions  at  the  fall  line  which,  as  before  shown,  corresponds  to 
the  western  border  of  the  region.  In  other  cases  the  slope  of  the  rivers 
from  the  fall  line  to  tide  water  i  s  very  gentle  and  the  current  slaggish, 
although  in  some  of  the  rivers  it  is  strong  because  of  the  great  volame 
of  water  which  flows  in  them. 

The  geological  structure  of  this  region  is  also  very  simple,  and  its 
formations  are,  with  comparatively  few  exceptions,  composed  of  uncom- 
pacted  rocks,  all  of  which  have  been  only  slightly  disturbed  since  their 
deposition.  The  formations  which  are  exposed  within  its  borders  are 
referred  to  the  Cretaceous,  Tertiary,  and  post  Tertiary  respectively; 
but  along  its  western  border  both  Cretaceous  and  Tertiary  deposits  are 
found  to  rest  unconformably  npon  the  Triassic,  Cambrian,  and  Arch- 
ean  rocks.  All  the  formations  which  are  later  than  the  Trias  have  the 
appearance  of  lying  conformably  with  one  another,  and  have  a  gentle 
dip  toward  the  ocean ;  but  the  overlapping  of-  the  Tertiary  npon  the 
Cretaceous  shows  that  the  apparent  conformity  is  not  real  and  that  the 
dip,  though  slight,  is  variable.  The  erogenic  movements  which  resulted 
in  the  production  of  the  Appalachian  ranges,  and  those  subsequent  move- 
ments which  displaced  the  Triassic  strata  of  the  Piedmont  region,  all 
occurred  before  the  deposition  of  the  oldest  of  the  strata  which  are 
exposed  in  the  Atlantic  Border  region.  Consequently  none  of  the  lat- 
ter have  shared  in  those  great  displacements,  the  movements  which 
have  occurred  within  the  region  since  the  deposition  of  the  strata  to  be 
observed  there  having  resulted  in  little  more  than  their  present  inland 
elevation,  the  overlap])ing  just  mentioned,  and  their  gentle  oceanward 
dip.*  In  some  parts  of  the  region  even  this  dip  seems  to  be  little  if 
any  greater  than  the  probable  natural  slope  of  the  sea  bottom  npon 
which  the  strata  were  deposited ;  but  in  other  parts  the  dip  is  plainly 
somewhat  greater  than  the  original  slope  of  deposition. 

Because  the  formations  of  this  region  have  in  only  a  few  cases  be- 
come compacted  to  any  considerable  degree  since  their  deposition, 
escarpment  exposures  are  rare,  and  even  river  bank  exposures  are  not 
common.  The  Cretaceous  formations  are  composed  mainly  of  arkose, 
gravels,  clays,  sands,  and  marls,  and  those  of  Tertiary  and  later  age 
are  largely  composed  of  sands. 

While  it  may  be  assumed  that  these  Cretaceous  deposits  underlie  the 
whole  of  the  Atlantic  Border  region,  they  reach  the  surface  in  only  a 


'  In  the  northern  part  of  the  region,  northeastward  fh>m  New  Jersey,  considerable  displaoementa 
of  strata  seem  to  have  taken  place  after  the  close  of  the  Cretaceous  period ;  bat  this  does  not  affect 
the  statement  as  to  the  generally  nndistorbed  condition  of  the  Cretaceous  strata  In  the  remainder  of 
thU  region. 
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comparatively  small  portion  of  its  area.  Even  witMn  this  limited  space 
natural  exposures  of  undisturbed  strata  are  few,  because  wherever  they 
have  been  bared  by  erosion  they  were  soon  again  covered  by  the  debris 
of  their  own  soft  material^  or  by  the  washings  ot  the  overlying  soil. 

The  aggregate  thickness  of  all  the  strata  occurring  in  this  region, 
>^hich  will  be  discussed  as  pertaining  to  the  Cretaceous  system,  prob- 
ably does  not  much  exceed  1,000  feet;  and  it  is  not  known  that  even 
this  aggregate  is  reached  in  any  one  locality. 

Not  only  for  convenience  of  description,  but  because  of  material  dif- 
ferences, two  principal  divisions  of  this  series  of  deposits  are  recognized. 
An  important  difference  between  them  is  that  the  upper  division  is  of 
marine  and  the  lower  of  non-marine  origin.  I  shall  therefore  designate 
them  as  the  marine  and  non-marine  divisions,  respectively.  The  marine 
division  is  certainly  referable  to  the  Upper  Cretaceous,  and  there  is 
apparently  no  room  for  doubt  that  the  upper  part  of  the  non-marine 
division  ought  also  to  be  so  referred.  The  lower  portion  of  the  latter 
division  is,  in  this  memoir,  treated  as  accupying  the  base  of  the  Creta- 
ceous system,  upon  the  con&  nes  of  the  Jurassic. 

The  non-marine  division  is  in  part  of  littoral,  and  in  part  of  estuarine 
origin,  and  the  layers  of  which  it  is  composed  are  usually  irregularly 
bedded.  This  character  is  particularly  observable  in  that  portion  of  the 
division  which  constitutes  the  Potomac  formation.  It  consists  mainly  of 
sandstone,  arkose,  gravels,  sands,  and  clays,  associated  with  which  is 
often  much  carbonized  wood  and  occasional  layers  of  lignite.  Plant 
remains  are  abundant  in  certain  localities  in  both  the  lower  and  upper 
portions  of  the  divisions ;  vertebrate  remains  have  been  found  in  the 
lower,  or  Potomac  portion,  but  invertebrate  remains  are  in  all  parts  ex- 
ceedingly rare.  A  few  mollusks  have  been  found  in  the  upper  portion, 
but  the  only  invertebrates  that  are  known  to  have  been  ibund  in  the 
Potomac  portion  are  some  impei^fect  specimens  of  a  bivalve  crustacean. 
(Unpublished.) 

Considerable  difference  of  opinion  has  arisen  among  geologists  as  to 
the  true  age  and  interrelation  of  the  deposits  which  are  here  assigned 
to  the  non-marine  division  because  of  the  apparently  conflicting  evi- 
dence afforded  by  the  fossils  which  have  been  found  in  different  parts 
of  the  region,  but  by  clearly  separating  the  New  Jersey  plastic  clays 
from  the  Potomac  formation  proper,  the  apparent  discrepancy  of  pale- 
ontological  evidence  will  probably  disappear. 

The  marine  division  of  the  series  consists  mainly  of  sands  and  marls . 
and  the  whole  of  it  is  plainly  of  marine  origin  as  is  indicated  by  the 
character  of  its  fossils.  Although  it  consists  of  a  number  of  distinct 
beds,  the  whole  division  seems  certainly  to  have  been  produced  by  con- 
tinuous sedimentation  from  base  to  top.  Its  characteristics  will  appear 
in  connection  with  following  discussions. 

As  already  stated,  all  the  formations  exposed  within  the  limits  of 
this  region  appear  to  lie  conformably  with  one  another,  or  at  least 
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where  nnoonformity  exists  it  is  difficult  or  impracticable  to  detect  it  by 
the  eye.  The  plan  of  this  memoir  does  not  iuclade  a  fall  discossiou  of 
formations  later  than  the  Cretaceoui^,  but  it  is  proper  to  say  in  this  con- 
nection that  although  the  eye  cannot  detect  unconformity  between  the 
Oretaceous  and  Eocene  strata,  wherever  the  latter  have  been  foand 
resting  upon  the  former  in  this  region  there  is  really  an  important 
time  hiatus  between  them,  evidence  of  which  will  be  given  on  follow- 
ing pages. 

The  geology  of  this  region,  as  well  as  that  of  some  of  the  other 
regions,  has  been  worked  out  mainly  under  the  auspices  of  the  States 
which  respectively  constitute  portions  of  its  area.  The  most  impor- 
tant of  these  State  works,  considered  in  this  connection,  being  that  of 
New  Jersey,  and  the  Oretaceous  strata  of  the  region  being  more  fully 
exposed  there  than  in  any  other  part  of  it,  the  details  of  the  Gretace* 
ous  formations  of  that  State  will  be  first  considered.  The  New  Jersey 
section  will  also  be  used  as  the  standard  of  comparison  for  the  other 
parts  of  this  region. 

NBW  JERSEY. 

The  Cretaceous  section  of  New  Jersey  comprises  both  the  non-marine 
and  marine  divisions  into  which  the  series  for  the  whole  region  has  been 
divided  as  just  explained.  These  strata  are  found  at  the  surface 
within  a  belt  of  country  from  18  to  20  mik'S  wide,  which  extends  across 
the  State  in  a  northeasterly  and  southwesterly  direction.  This  trend  is 
parallel  with  that  portion  of  the  western  boundary  of  the  Atlantic  bor- 
der region  which  lies  within  the  State  of  New  Jersey,  the  western  bound- 
ary of  the  belt  and  of  the  region  being  there  identical.  Prof.  Cook  de- 
fines this  boundary  as  <^  a  line  drawn  from  Staten  Island  Sound  on  the 
eastern  border  of  the  State  to  the  Delaware  Kiver,  at  the  mouth  of  As- 
sanpink  Greek,  in  Trenton,  on  the  western  side."  The  somewhat  irregu- 
lar eastern  boundary  of  the  belt  is  formed  by  the  western  border  of  the 
overlying  Tertiary  formation. 

Only  the  non-marine  division  of  the  New  Jersey  Cretaceous  has  been 
satisfactorily  recoguiz  ed  beyond  the  northeast  boundary  of  that  State. 
Southwestwardly,  the  Cretaceous  belt  is  continued  into  the  adjoining 
States  of  Pennsylvania  and  Delaware,  and  beyond.  The  dip  of  the 
strata  being  southeastward,  only  those  of  the  non-marine  division  appear 
along  the  northwestern  side  of  the  belt,  and  the  outcrops  of  the  dijGfer- 
ent'Deds  of  the  marine  division  lie  in  successive  parallel  lines  within  it. 

The  accompanying  vertical  section  of  the  Cretaceous  series  of  New 
Jersey,  Fig.  1,  is  copied  with  modifications  from  one  published  by  Prof. 
Geo.  H.  Cook.' '  The  horizontal  section,  Fig.  2,  is  constructed  mainly 
from  the  figure  of  a  section  from  Philadelphia  to  Atlantic  City,  accom- 
panying the  geological  map  of  New  Jersey  by  the  same  author.* 

The  horizontal  section.  Fig.  3,  is  copied,  with  modifications,  from 


'See  Honog.  U.  S.  GeoL  Surrej,  toI.  9,  p.  z.  >  See  geologioal  map  of  New  Jersey,  1882. 
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tbe  dgare  of  another  section  by  the 
.  same  aathor,  from  MetacbeD  to 
Cape  May.' 

Tbe  verticil  Bection,  Fig.  1,  is  in- 
tended to  serve  merely  as  a  sum- 
mary of  tbe  Cretaceous  formations 
that  have  been  recognized  in  New 
Jersey.  The  borizontal  section, 
Fig.  2,  sfaows  tbe  general  uniform- 
,  ity  of  thickness  of  each  member  of 
the  section,  which  was  formerly 
thought  to  be  the  case  with  all  of 
them.  Thootherhorizontalsection, 
however,  that  which  is  represented 
by  Fig,  3,  shows  that  the  Upi>er 
Marl  bed  thickens  materially  be- 
neath the  surface,  toward  tbe  east, 
while  all  tbe  other  members  of  the 
seiies  preserve  their  thickness  as 
well  as  their  distiuguisbiug  charac- 
teristics, with  remarkable  uniform- 
ity. This  remark,  however,  ia  per- 
haps not  entirely  applicable  to  tbe 
non-marine  division  because  little 
is  known  of  the  character  of  its 
coDtoct  with  tbe  underlying  rocks, 
and  because  tho  latest  of  those 
rocks  being  of  Triassic  age  there  is 
everywhere  unconformity  between 
them  and  the  non-marine  Creta- 
ceons  division. 

Prof.  Cook*  says  in  one  of  his 
later  reports : 

The  aeveral  borings  for  artesiaa  wotla 
which  bavebeea  made  to  tbe  aoutlioastof 
the  marl  belt  confirm  tho  concIasioDB 
which  hnd  beforu  beoa  reached  oa  to  tha 
dip  of  the  Cretaceous  strata  of  soutUoro 
New  Jersey.  And  borings  on  tbo  bordoia 
of  the  ocean,  and  even  out  on  tbe  sand 
beaches,  which  are  some  miles  from  tbe 
upland,  show  that  tbe  strata  ontoropping 
»t  the  bifjh  ground  in  the  mail  region  are 
ooDtinaed  without  chaugeor  disturbance 
of  their  regularity  aa  far  outoa  these  bor- 
ings hare  been  mlide. 
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Tbe  basal  member  of  each  of  these  sections  rep- 
t  rexeiits  certaia  deposits  which  are  referred  to  tbe 
Potomac  rorniatioi),  and  which  were  iiot  recognized 
i  a  the  earlier  ptibliebed  sectioua  of  tbe  New  Jerse; 
I  Cretaceous.  The  appermost  strata  which  are  rapre- 
^  soDted  iu  Frof.  Cook's  original  sections,  and  also  in 
figures  1,  2,  aud  3,  are  uuderstood  to  beof  Eocene* 
a  age,  but  this  matter  will  be  further  referred  to  in 
''     followiog  paragraphs. 

f  The  Non-marine  Divi»ion.—ln  tbe  New  Jersey 

j      State  rei>ort«  the  beds  which  are  here  designated  as 
the  uon-marine  division  of  the  Cretaceous  eeriea  are 
I      shown  to  consist  mainly  of  claya  with  alternating 
^  t   layers  of  Baud,  and  in  some  places  the  preaeuce  of 
3      g -avel  has  been  noted.    These  beds  have  received 
3       various  names  from  the  New  Jersey  geologists,  such 
as  Amboy  clays,  Earitau  clays,  Plastic  claj-s,  Fire 
t  clays  and  sands,  Camden  clays,  etc     These  uames 
3  I   seem  to  be  in  part  local  synonyms,  but  iu  part  tbey 
^H     udicate  separate  stratigrapbical  stages.    Tbe  aggre- 
gate thickness  of  the  whoie  division  is  giveu  by 
^1   Prof.  Cook  at  347  feet.    But  this  estimate  of  tbiok- 
I  j  U08S  does  not  seem  to  include  that  of  certain  beds 

I  composed  largely  of  arkose,  saud,  aud  gravel,  which 
^=-  occur  at  a  few  localities  in  western  New  Jersey, 

hat  are  evidently  older  than  those  which  aro  in- 

I I  luded  in  t)ie  above  estimate.    These  older  beds  are 
t^  J,   referred  by  Mr.  W  J  McGce  to  the  Potomac  forma- 

•^  t  on,'  which  is  much  more  fully  develoiied  further 
„  Z  south  iu  the  Atlantic  Border  region.  These  earlier 
s^  beds  of  the  non-mariue  division,  if  referred  to  the 
I  Cretaceous  at  all,  must  be  classed  with  the  Lower 
e  Cretaceous,  but  the  Baritan  and  Amboy  clays  are 
"  regarded  as  referable  to  tbe  North  American  Upper 
'^  Cretaceous.  They  are  now  placed  with  the  others 
i  the  uon-marine  division  for  vonvenieuce  of  dig* 

^      cussion,  and  because  like  them  they  are  of  uon- 
z      marine  origin.    This  assumed  material  difference  in 
g       the  age  of  the  upper  and  lower  pints  of  the  uou-ma- 
I      rine  division  of  tbe  New  Jersey  Cretaceous  implies 
7      a  probable  unconformity  between  them,  but  sucli 
"      uucouformity  has  not  yet  been  demonstrated,  nor 
^      are  we  yet  able  to  clearly  distinguish  between  the 
two  parts  by  stratigrapbical  observation- 
There  seems  to  be  no  available  data  from  which  to  estimate  the  thick- 
ness of  tbe  older  or  Potomac  beds  of  the  uon-marine  division,  but  tbey 
'ae»  Ttn«  formtflDDa  qIOu  HAilo  AUuUo  »<>ir«.  A.m.  Jow.  Set,  ISU,  vvL  W,  pp.  UO-Ut. 
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probably  do  not  exceed  200  feet  in  New  Jersey.  The  entire  thickness 
of  this  division  in  New  Jersey  is  therefore  estimated  at  about  550  feet. 
The  characteristic  strata  of  the  Potomac  forraiition,  however,  reach  a 
much  greater  thickness  in  Maryland  and  Virginia  than  has  been  indi- 
cated fqr  New  Jersey. 

Few  fossils  besides  plant  remains^  which  consist  of  both  leaf  imprints 
and  lignite,  have  been  found  in  the  non-marine  division  in  New  Jersey, 
and  these  have  been  obtained  only  or  mainly  from  the  Baritan  and 
Amboy  clays.  Invertebrate  fossils  especially  are  very  rare.  In  these 
respects,  as  well  as  lithologically,  this  division  strongly  contrasts  with 
the  marine  division.  The  few  invertebrate  fossils  which  have  been 
found  in  the  non-marine  division  indicate  that  they  are  of  brackish  or 
of  fresh  water  origin,  or  both.  The  prevalence  of  plant  remains  indi- 
cates the  proximity  of  land  at  the  time  the  strata  were  deposited.  No 
xertebrate  fossils  are  known  to  have  been  found  in  this  division  in  New 
Jersey  which  throw  any  light  upon  its  geological  age.  Layers  of  lig- 
nite occur  in  some  of  its  beds,  and  carbonized  branches  and  trunks  of 
trees  are  frequently  met  with,  but  these  also  have  little  paleontological 
value. 

Large  collections  of  leaf  impressions  have  been  obtained  from  the 
Baritan  and  Amboy  clays,  concerning  which  Prof.  J.  S.  Newberry  has 
published  an  article  preliminary  to  a  more  exhaustive  work  on  the  same 
subject,  upon  which  he  is  now  engaged.^ 

Prof.  B.  P.  Whitfield  is  inclined  to  regard  the  Baritan  clays  as  of 
Jurassic  age,  because  he  has  discovered  in  them  a  new  molluscau  genus 
similar  to  one  which  occurs  in  European  Jurassic  strata,^  but  no  other 
known  facts  seem  to  be  in  any  degree  suggestive  of  the  Jurassic  age 
of  these  deposits. 

Twelve  species  belonging  to  the  Unionidse  have  been  published  by 
Dr,  Isaac  Lea'  and  by  Prof.  Whitfield*  from  the  Camden  clays,  which  I 
formerly  regarded  as  of  Post  Tertiary  age.^  This  opinion  concerning 
them  was  then  hold  because  of  the  close  resemblance  of  those  species 
to  living  forms ;  but  in  deference  to  the  opinion  of  Prof.  George  H.  Cook, 
who  has  carefully  studied  the  stratigraphical  relations  of  the  Camden 
clays,  they  are  here  included  with  other  beds  which  are  referred  to  the 
non-marine 'division  of  the  New  Jersey  Cretaceous.  This  is  done  with 
less  hesitation  than  would  formerly  have  been  felt,  because  since  tliat 
opinion  was  published  I  have  obtained  several  species  of  Unto  of  equally 
modem  types  from  Jurassic  strata  in  Colorado  and  Wyoming.  Up  to 
the  present  time  the  only  invertebrates  that  have  been  found  in  the 
non-marine  division  in  New  Jersey  are  these  twelve  fresh- water  mollus- 
cau forms,  and 'the  five  brackish-water  forms  which  hv,vQ  been  published 


1  Boll.  Torry  Bot.  01  ab,  vol.  13,  pp.  33-37.    Seo  also  further  remarks  on  a  following  page, 
*MoDog.  U.  S.  Gool.  Survey,  vol.  8,  p.  23. 

*  Lea,  Isaac,  Proc  Acad.  Nat.  Sci.,  Phila.,  1868,  pp.  162-164. 

*  Whitfield,  R.  P.,  Mon.  U.  S.  Geol.  Survey,  vol.  9,  pp.  243-252, 

*  Koview  non-marine  fossil  mollusca  of  X.  America,  p.  72. 
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<■  by  Prof.  Wbitfleld,  Done  of  whicb  oom«  from 

I  beds  that  are  referable  to  characteristio 

>  strata  of  the  Potomac  formation. 

J  T)te  Marine  Divition. — This   division  io 

1  Ifow  Jersey  baa  the  appearance  of  resting 

h  with  strict  coDformity  upou  the  series  of  beds 

s  of  the  Don-marine  divisioo  wbioh  iaclades 

^  the  Baritan  aud  Amboy  clays.    It  is  not 

I  improbable  tbat  this  apparent  conformity  is 

■z  real,  aud  tbat  there  is  no  material  time- 

a  biatns  between  them  as  tiiere  doabtless  is 

I  between  those  clays  and  the  deposits  which 

S  constitnte  the  Potomac  formation  as  defloed 

■*.  by  Mr.  McGee. 

I  i  The  marine  division,  as  shown  in  the  fore- 
^  I  going  sections,  is  especially  characterized  by 
^  -3  its  marl  beds  and  by  a  somewhat  abundant 

I I  marine-molinscan  fonna.  Besides  its  marl,  a 
<4  i  considerable  proportion  of  which  is  glsacon- 
-S  t  itic,  the  division  consists  of  days  and  sauds 
X I  together  with  other  strata  in  wbioh  these 
^^  materialHsrecomniiagled.  The stratiflcation 
el  ;i  is  everywhere  quite  uniform;  all  tbe  beds 
^1  are  strictly  comformable  with  one  another, 
« I  Bnd,nnlike  tbe  beds  of  the  non-marine  divis- 
1 1  ion,  they  are  characterized  by  an  abundant 
^  {  ninriue  moUascan  fauna.  The  aggregate 
'  I  masimam  tbicknessof  these  marine  beds,a8 
1 1  Rtatcd  in  Prof.  Cook's  reports,  is  nearly  or 
n  '  quite  500  feet.  Its  basal  portion  coDsiste  of 
"  athick  bed  which  hedestgDatesasGlay-marl, 
j  above  which  come  tbe  three  marl  beds  pro- 
g,  per,  separated  from  one  another  by  beds  of 
u  saud. 
a  The  three  marl  beds  are  nsaaUy  desienatvd 

1  as  the  lower,  middle,  and  upper,  respectively, 

2  each  being  composed  of  three  or  four  layers 
I  which  difTer  from  one  another  in  charact«r 
'-  and  compositioii.    Bach  bed  possesses  oer- 

ftaln  litbologicalcLamcteristics  by  which  the 
Xew  Jersey  geologists  have  distioguisbed 

«  them  from  one  auotber ;  but  in  their  char. 

^  acterizatioii  of  the  upper  bed  they  so  far  ig- 
nored pnleontological  conditiousas  to  iuclnde 
at  the  top  certain  layers  that  are  properly  referable  to  the  Tertiary. 

That  is,  while  the  lower  and  middle  beds  aud  tbe  lower  part  of  tbe 
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upper  bed  contaiu  uuiuerous  species  of  fossils  of  Gretaceous  types,  the 
upper  part  of  tbe  up|)er  bed  contains  none  of  those  types,  and  only 
those  which  may  properly  be  referred  to  the  Tertiary. 

The  New  Jersey  geologists  have  recognized  three  members  of  the 
upper  marl  bed,  which  they  designate  as  the  green  marl,  ash  marl j  and 
blue  marl,  respectively.  The  place  of  the  first  is  at  the  base,  that  of 
the  second  in  the  middle,  and  that  of  tbe  last,  which  is  referable  to  the 
Tertiary,  at  the  top.  Only  a  few  traces  of  fossils  have  been  found  in 
tbe  middle  piember,  and  these  give  no  indication  as  to  its  age.  We 
therefore  can  not  say  with  certainty  whether  the  middle  or  ash  marl 
member  belongs  to  the  Gretaceons  or  tbe  Tertiary  and  can  only  say 
that  the  delimiting  boundary  between  them  occurs  between  the  top  of 
the  lower  member  and  the  base  of  the  upper.  Prof.  Gook  has  shown 
that  there  is  slight,  but  nevertheless  real,  unconformity  between  these 
Tertiary  strata  and  the  Gretaceons  strata  upon  which  they  rest,'  and  the 
paleontological  contrast  between  them  is  strongly  suggestive  of  a  con- 
siderable time  hiatus  also  between  them.  'On  following  pages  reasons 
will  be  given  for  assuming  that  such  a  hiatus  exists  throughout  the 
Atlantic  and  Gulf  border  regions  between  tbe  equivalent  of  the  green 
and  that  of  tbe  blue  marl  members,  that  is,  between  the  uppermost 
Gretaceons  stratum  and  the  lowermost  one  which  is  referable  to  the 
Tertiary. 

At  the  outcrops  of  the  upper  marl  bed  its  middle  or  ash  marl  member, 
because  of  its  strict  conformity  with  the  other  members  and  of  its  slight 
thickness  there,  has  tbe  appearance  of  being  a  subordinate  member  of 
the  bed;  but  Prof.  Gook  shows  in  bis  annual  report  for  1884  that  arte- 
sian borings  have  demonstrated  that  this  member  thickens  materially 
in  its  eastward  extension  beneath  the  surface,  while  the  upper  and 
lower  members  retain  approximately  the  same  thickness  which  they 
have  at  the  outcrop.  This  thickening  of  the  middle  member  is  repre- 
sented in  the  section.  Fig.  3,  on  page  82. 

Ithasbeen  mentioned  in  preceding  paragraphs  that  the  few  inverte- 
brate fossils  found  in  the  non-marine  division  of  the  New  Jersey  Greta- 
ceons offer  little  or  no  suggestion  as  to  the  geological  age  of  the  strata 
from  which  they  were  obtained,  but  those  of  tbe  marine  division  are 
abundant  in  many  palces,  and  a  large  part  of  them  are  of  oharaoteristic 
Upper  Gretaceous  types. 

Prof.  Whitfield,  who  has  published  much  concerning  the  invertebrate 
paleontology  of  the  upper  division  of  the  New  Jersey  Gretaceons',  has 
given  a  concise  summary  of  them,  in  which  he  sho¥{s  that  354  species 
have  been  discovered,  291  of  which  were  obtained  from  the  lower  marl 
bed.  He  has  also  shown  that  a  large  proportion  of  these  species  are 
common  to  the  Upper  Gretaceous  of  the  Gulf  border  region,  which  im- 
portant fact  will  be  further  referred  to  when  those  formations  are  dis- 

'  G«oL  Sarrey  of  New  Jersey,  Ann.  Kep.  State  Geologist  for  1883,  p.  18. 
>BaU.  Am.  Has.  Kat.  Hist.,  vol.  8^  pp.  118-118. 
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cnssed.  The  following  statement  (>repared  by  Mr.  T.  W.  Stanton  from 
the  collections  of  the  U.  S.  Geological  Sorve^  shows  the  namber  of 
species  from  Alabama,  Mississippi,  and  Texiis,  which  he  has  clearly 
identified  with  species  that  have  been  published  from  the  New  Jersey 
marl  beds.  It  is  to  be  expected  that  many  others  will  be  identified 
when  the  faunas  have  been  fully  studied. 

Statement  of  the  number  of  New  Jersey  Cretaceous  si^ecies  that  have 
been  identified  in  southern  States : 

Species  identified  in  Alabama' 35 

Species  identified  in  Misaisflippi 66 

Species  identified  in  Texas  i • 54 

8TATEN  ISLAND  AND    LONG  ISLAND. 

As  early  as  1838  Prof.  W.  W.  Mather  indicated  his  opinion  that  cer- 
tain of  the  Long  Island  deposits  are  of  similar  age  with  the  New  Jer- 
sey Cretaceous,'  and  in  1843  he  expressed  that  opinion  in  plain  terms 
for  both  Staten  and  Long  Islands.^  On  page  272  of  the  publication 
last  referred  to  he  said  that — 

The  white,  red,  mottled,  brown,  and  bine  clays,  and  Tariegat«d  and  some  other 
sands  of  Long  and  Staten  islands  are  similar  in  their  general  character  and  in  their 
mineral  and  fossil  contents  to  certain  beds  of  clays  and  sands  in  New  Jersey,  and 
are  undoubtedly  a  continnation  of  the  same  formation. 

This  opinion  has  been  confirmed  by  the  observations  of  Prof.  J.  S. 
Newberry  and  other  geologists. 

Upon  the  geological  map  of  the  United  States,  prepared  by  Prof.  C. 
H.  Hitchcock  /  as  well  as  the  one  compiled  by  Mr.  W  J  McGee,^  the 
northern  half  of  Long  Island  and  the  southeastern  half  of  Staten  Is- 
land are  represented  as  being  occupied  by  Cretaceous  deposits.  Those 
maps  also  represent  the  southern  half  of  Long  Island  as  being  occupied 
by  Tertiary  deposits.  The  northwestern  half  of  Staten  Island  being 
occupied  by  rocks  which  are  older  than  the  Cretaceous,  it  is  evident 
that  deposits  of  the  latter  age  can  exist  only  in  the  southeastern  half. 
The  proximity  of  this  part  of  the  island  to  the  northern  end  of  the 
Cretaceous  belt  of  New  Jersey,  the  trend  of  that  belt,  and  the  known 
oceanward  dip  of  the  Cretaceous  strata  would  all  be  suggestive  of  the 
presence  there  of  at  least  a  portion  of  the  Cretaceous  series,  even  if 
the  fact  were  not  already  well  known. 

Only  the  clays  of  the  non-marine  division,  however,  have  been  found 
upon  Staten  Island,  and  it  is  not  probable  that  any  portion  of  the 
marine  division  exists  there,  because  no  part  of  the  island  extends  far 
enough  southeastward  to  bring  it  within  range  of  the  trend  of  that 
portion  of  the  New  Jersey  Cretaceous  belt,  and  because  nothing  has 

*  These  Alabama  and  Texas  species  were  also  all  identified  among  the  Mississippi  sjieoies. 

*  Rep.  Geol.  First  District  New  Tork,  8vo.    Albany,  1838,  p.  138. 
•Geol.  New  York,  Part  l.  Geol.  First  District,  4to.  18i3,  pp.  643. 

*  Greol.  Map  U.  S.  and  part  of  Canada,  compiled  for  Am.  Inst  Mining  Engineers,  1886. 
•Fifth  Ann.  Bep.  U.  a  GeoL  Sorvey. 
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been  found  overlying  the  clays  upon  Staten  Island  except  the  soil  and 
the  glacial  drift.  The  clays  have*  been  found  at  numerous  places  upon 
the  southeastern  portion  of  the  island ;  and  at  severs^l  of  these  locali- 
ties fossil  plants  have  been  obtained,  the  condition  of  preservation  of 
which  renders  them  capable  of  classification.  A  considerable  propor- 
tion of  these  plants  have  been  identified  by  Prof.  Newberry  with  spe- 
cies collected  from  the  New  Jersey  clays  just  referred  to. 

The  southern  outline  of  that  portion  of  the  Archean  region  which 
lies  within  the  southern  New  England  States  indicates'  that  beyond 
New  Jersey  and  Staten  Island  the  trend  of  the  belt  of  the  Cretaceous 
outcrop  is  swerved  strongly  eastward.  That  is,  it  is  evident  that  the 
trend  of  that  outcrop  holds  a  similar  relation  to  the  seaward  margin 
of  that  northern  portion  of  the  Archean  region  which  it  does  to  the 
eastern  margin  of  the  Piedmont  portion  of  the  Archean  region  along 
the  entire  Atlantic  border  region,  southward  from  Stateii  Island.  Such 
a  change  of  the  trend  of  the  Cretaceous  outcrop  as  is  tlius  suggested 
brings  nearly  or  quite  the  whole  of  Long  Island  within  its  range.  It 
is  therefore  probable  that  the  conditions  represented  upon  the  maps 
referred  to  once  existed,  but  the  chauges  which  have  been  wrought  there 
by  erosion  and  by  glacial  action  since  the  close  of  Cretaceous  time  are 
great,  and  the  actual  evidence  of  the  present  existeuce  of  such  condi- 
tions upon  this  Island  is  at  best  very  meager. 

Several  persons  have  written  upon,  or  referred  to,  the  discovery  of 
Cretaceous  fossils  npon  Long  Island ;  but  a  large  proportion  of  these 
reported  discoveries  lack  confirmation.  Beyond  the  identification  by 
Prof.  Newberry  of  a  few  species  of  fossil  plants  which  have  been  ob- 
tained at  different  localities  along  and  near  the  north  shore  of  the  west- 
ern portion  of  the  island,  the  evidence  of  the  existence  of  Gretabeous 
deposits  there  is  mostly  or  entirely  confined  to  the  known  or  assumed 
trend  of  the  Cretiiceous  outcrop  which  has  just  been  mentioned,  and 
to  lithological  similarity  of  certain  deposits  there  to  those  of  portions 
of  the  nonmarine  division  of  the  New  Jersey  Cretaceous  section. 

All  the  admissible  evidence  of  the  present  existence  of  Cretaceous 
deposits  upon  Long  Island  relates  to  the  non-marine  division  alone. 
If  the  reputed  discovery  of  a  specimen  of  JExogyra  costata  Say,  in  dig- 
ging a  well  near  Brooklyn,^  were  satisfactorily  confirmed,  and  it  were 
shown  to  have  been  found  in  situ,  the  fact  would  be  accepted  as  proof 
of  the  present  existence  there  of  at  least  a  portion  of  the  marine  divis- 
ion, because  this  species  is  characteristic  of,  and  confined  to,  that 
division  of  the  New  Jersey  Cretaceous  and  to  its  equivalents  else- 
where. But  the  specimen  referred  to  is  not  now  extant,  and  there  is  no 
available  evidence  that  it  was  found  in  situ.  Still,  the  presence,  from 
natural  causes,  of  this  species  where  it  is  reported  to  have  been  found, 
even  if  not  in  situ,  is  an  indication  of  at  least  the  former  existence  of 

iBee  CoEseus,  la^^anhar,  Oeol.  Uiat  Hanliattau  or  New  York  Inland,  p.  52.    Also  Merrill,  F.J.  H., 
Ann. N.  Y.  AcacL Sci.,  vol. 3, p. 346,  and  Redfleld,  W.  C,  Am.  Jour.  Sol.,  1M3,  ^o\.  S,  v^^- 
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strata  of  the  marine  division  upon  or  near  that  portion  of  the  island. 
That  is,  in  such  a  case  it  may  be  presumed  to  have  been  transported  by 
glacial  action  from  some  not  far  distant  northern  locality. 

The  geology  of  Long  Island  has  lately  been  investigated  by  Mr.  F.  J. 
H.  Merrill/  and  in  summing  up  the  result3  of  his  investigations  he 
says: 

The  locality  at  which  the  strata  most  resemble  the  Cretaceous  beds  of  New  Jersey 
is  Glen  Coyo,  where  the  strata  already  described  are  probably  of  this  age.  If  the 
Cretaceons  formation  extends  under  the  whole  of  Long  Island  it  mast  occar  at  very 
great  depth,  since  deep  sections  east  of  Qlen  Coyc  do  not  reveal  its  presence- 

martha's  VUnCYARD. 

The  existence  of  Oretaceons  deposits  upon  the  island  of  Martha's 
Vineyard  has,  from  time  to  time  during  nearly  60  years,  been  either 
announced  or  suggested  by  different  authors,  and  the  facts  presented 
seemed  to  leave  little  reason  to  doubt  that  rocks  of  that  age  were  origi- 
nally formed  there  as  well  as  upon  much  of  the  adjacent  area  now  occu- 
pied by  Vineyard  and  Long  Island  Sounds.  Until  lately,  however,  the 
evidence  that  unaltered  or  undisturbed  Cretaceous  strata  now  exist 
upon  the  island  has  been  far  from*satisfactory. 

The  earliest  published  suggestion  of  the  existence  of  Cretaceous  de- 
posits there  appears  to  be  the  somewhat  indefinite  one  made  by  Prof. 
Edward  Hitchcock  in  1833,'  and  which  he  repeated  more  definitely  in 
1841.^  At  the  western  end  of  the  island  there  is  a  prominent  bluft 
facing  the  sea  known  as  Gay  Head,  the  strata  composing  which  are 
strongly  folded,  apparently  by  an  erogenic  movement  which  took  place 
after  the  close  of  the  Cretaceous  period.  Ueportiug  upon  these  strata 
Prof.  Hitchcock  spoke  of  them  as  of  Tertiary  age,  and  as  chronologically 
equivalent  to  the  plastic  clay  of  England.  He  says,  however,  on  page 
423  of  the  volume  last  referred  to : 

I  did  suspect  that  a  single  stratum  of  grconsand  found  there  might  indicate  an 
older  formation.  But  the  organic  remains  which  it  contains  are  much  worn,  proving 
that  this  stratum  cousists  of  ruins  of  older  strata;  ex.  gr.  the  greensand  and  clay  of 
the  Cretaceous  formatiou. 

In  1860  Dr.  Willliam  Stipsou  visited  Gay  Head  and  reported  the  dis- 
covery there  of— 

Cretaceous    bones,  Tcrtebrsey  and  teeth  of  sharks,  some  brachynrons  crnstacea, 
twelve  species  of  bivalve  mollusca,  one  univalve,  leaves,  fragments  and  seeds  of 
dicotyledonous  plants,  etc.^ 

He  mentions  no  identification  of  any  of  these  with  already  known 
species,  and  gives  no  names,  either  specific  or  generic,  to  any  of  those 
which  he  collected. 

Those  discoveries  were  interesting  but  not  conclusive  as  to  the  ques- 
tion of  the  existence  of  Cretaceous  deposits  on  that  island.    Lately, 

■  Annals  N.  T.  Acad.  Soi.,  vol.  8,  pp.  341-364^plates  27, 38. 
'  R«p.  Geol.  Mas8acha80LtH,  Amherst,  1833,  p.  183. 
'  Final  Rep.  Geol.  Massachusetts,  vol  2,  p.  423. 
^  Am.  Jour.  Sci.,  1800,  vol.  29,  p.  145. 
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howeveri  others  have  been  made  upon  different  pacts  of  the  island  by 
Prof.  N.  S.  Shaler  ^  and  Mr.  David  White  •  respectively,  which  leave  no 
donbt  that  Gretaceons  deposits  in  situ  now  exist  upon  Martha's  Vine- 
yard. Prof.  Shaler  obtained  a  collection  of  moUnscan  fossils  from  a 
locality  aboat  5  miles  south  westward  from  the  town  of  Vineyard  Haven. 
These  fossils  consist  almost  entirely  of  casts  and  molds  in  thin  layers 
of  ferraginoQS  sandstone,  and  comprise  aboat  a  dozen  species,  among 
w&ich  is  an  Exogyra.  The  faqjles  of  the  collection,  as  a  whole,  is  also 
snggestive  of  its  Oretaceons  age,  bat  none  of  the  species  have  been 
identified  with  any  pablished  forms.  The  fragments  of  strata  contain- 
ing the  fossils  were,  however,  not  foand  in  situ.  They  were  fonnd  scat- 
tered among  drift  material,  npon  and  near  the  sarface,  bat  their  position 
and  their  condition  indicate  that  they  have  not  been  transported  any 
considerable  distance  from  the  place  of  their  original  deposition.  These 
fossils  are  of  marine  origin,  and  if  really  of  Gretaceons  age,  doubtless 
belong  to  the  Upper  Gretaceons.  A  suggestion  as  to  their  strati- 
graphical  position  is  given  on  a  following  page. 

The  discoveries  of  Mr.  White  relate  entirely  to  deposits  which  are 
shown  by  the  fossil  plants  they  contain  to  be  equivalent  to  the  liaritan 
and  Amboy  clays  of  New  Jersey.  The  condition  in  which  he  found 
those  remains  is  such  as  to  indicate  that  the  strata  inclosing  them  are 
really  in  situ.  It  therefore  appears  that  the  non-marine  division  of  the 
New  Jersey  Gretaceons  is  certainly  represented  on  Martha's  Vineyard ; 
and  it  is  probable  that  marine  Upper  Gretaceons  strata  also  exist 
there. 

PBNKSTLVANIA  AND  DBULWABB. 

■ 

Prof.  H.  D.  Bbgers,  in  his  final  report  of  the  Pennsylvania  survey  ^ 
says: 

Tertiary  and  Gretaoeons  strata  border  the  State  upon  the  aoatheaat  in  New  Jersey, 
bat  they  do  not  cross  the  I^laware  River  into  Pennsylvania. 

It  is  now  known,  however,  that  clays  and  gravels  of  what  in  this 
memoir  is  designated  as  the  non-marine  division  of  the  New  Jersey 
Gretaceons  series  occur  upon  the  Pennsylvania  side  of  the  Delaware 
Biver,  those  found  near  Edge  Hill  and  Ghestnut  Hill  perhaps  being 
best  known.  These  exposures,  as  well  as  a  few  others,  have  been 
recognized  by  members  of  the  present  Pennsylvania  survey,  and  by 
other  geologists,  at  various  localities  not  far  from  the  river,  between  a 
point  opposite  Trenton,  New  Jersey,  and  the  Delaware  State  boundary. 

The  belt  of  ontcrop  of  the  whole  New  Jersey  series,  preserving  about 
the  same  width  that  it  has  in  that  State,  is  continued  across  the  nar- 
row northern  portion  of  the  State  of  Delaware,  but  very  little  has  been 
published  concerDing  the  existence  of  the  marine  division  there.    The 

(Seventh  Ann.  £ep.  U.  S.  GeoL  Survey,  pp. 297-368,  plates  19-29.    Also  BolL  Mas.  Comp.  ZooL 
Hamrd  Col.,  1889,  vol.  16,  pp.  89-97,  pi.  1. 
*  Am.  Joor.  Set.,  1890,  vol.  39,  pp.  93-101,  plate  2. 
*Qeology  of  Pennsylvania,  voL  2,  page  89. 
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western  border  of  tlu3  belt,  which  of  coarse  is  that  of  the  non-inarine 
division,  passes  through  the  city  of  Wilmington,  and  theuce  to  the 
northwestern  corner  of  the  State. 

J.  C.  Booth,  iu  his  report  on  the  geology  of  Delaware,  recognized 
in  that  State  both  of  the  divisions  which  are  found  in  New  Jersey, 
to  the  lower  one  of  which  he  gave  the  name  of  Bed  Clay  formation,  and 
to  the  upper  one  that  of  Greensand  formation.  Although  the  belt  of 
outcrop  has  about  the  same  width  iu  Delaware  that  it  has  in  the  adja- 
cent part  of  New  Jersey,  in  the  former  State  it  begins  to  be  encroached 
upon  by  the  overlapping  of  the  Tertiary  deposits,  and  the  position  of  its 
eastern  border  is  therefore  a  matter  of  uncertainty  in  some  places. 

MARYLAND  AND  THE    DISTRICT  OF  COLUMBIA. 

The  Cretaceous  belt,  which  has  already  been  described  as  extending 
through  New  Jersey  and  across  the  northern  part  of  Delaware,  also 
crosses  the  State  of  Maryland.  In  doing  so  it  is  known  to  embrace  the 
northern  end  of  Chesapeake  Bay,  but  the  outlines  of  the  belt  have  not 
yet  been  so  clearly  defined  as  they  have  been  in  New  Jersey  and  Dela- 
ware. This  is  largely  due  to  the  overlapping  of  the  Tertiary  and  later 
deposits,  and  to  the  few  and  small  exposures  of  strata  in  the  compara- 
tively level  area  occupied  by  those  formations. 

Dr.  Philip  T.  Tyson,  in  his  reports  on  the  geology  of  Maryland,'  rec- 
oghized  the  existence  in  that  State  of  the  deposits  which  in  this  region 
are  now  referred  to  the  marine  and  non-marine  divisions  of  the  Creta- 
ceous respectively.  He  did  not  separate  or  clearly  define  them  from 
each  other,  but  he  separated  one  portion  of  the  non-marine  division 
from  the  remainder  of  it,  under  the  name  of  Iron-ore  clays.  The  dif- 
ference, however,  between  these  two  subdivisions  seems  to  be  merely 
local,  or  at  least  not  constant  for  the  whole  division,  as  he  recognized  it. 

Comparatively  few  outcrops  of  Cretaceous  strata  are  found  in  Mary- 
land because  of  the  flatness  of  the  country  and  the  prevaleuQe  of  over- 
lying later  deposits ;  but  Mr.  P.  R.  Uhler  *  and  Dr.  W.  B.  Clark  ^  have 
lately  made  considerable  additions  to  our  knowledge  of  the  Cretaceous 
of  that  State.  They  show  that  both  the  marine  and  non-marine  divi- 
sions of  the  Cretaceous  series  of  this  region  extend  across  Maryland  as 
they  have  been  shown  to  extend  across  New  Jersey  and  Delaware,  and 
in  the  same  general  direction.  The  western  border  of  the  non-marine 
division,  which  may  be  traeed  with  some  accuracy,  after  passing  through 

1  First  Rep.  of  Philip  T.  Tyson,  State  Ag.  Chemist,  to  the  House  of  Delegates  of  Maryland :  Annap- 
olis. 1860. 

Second  Rep.  of  Philip  T.  Tyson,  St^te  Ag.  Chemist,  to  the  House  of  Delegates  of  Maryland:  Annap- 
olis, 1862. 

>  Observations  upon  the  Eocene  Tertiary  and  its  Cretaceous  Associates  in  the  State  of  Maryland. 
Traua.  Maryland  Acad.  Sci.,  1888,  vol.  1,  pp  11-32. 

3  Discovery  of  Fos^ilbearing  Cretaceous  Strata  in  Anne  Arundel  and  Prince  George  Counties,  Ma- 
ryland. Johns  Hopkius  University  Circulars,  1889,  vol.  8,  No.  69,  pp.  20^21.  See  also  Circular  No.  81, 
1890,  vol.  b,  pp.  09-71. 
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Baltimore,  enters  the  District  of  Columbia,  passes  through  Washington, 
and  thence  continues  southward  across  the  Potomac  Biver  into  Yir- 
ginia. 

The  eastern  border  of  the  marine  division  is  not  so  clearly  defined  as 
is  the  western  border  of  the  non  marine,  but  some  of  the  ciiaracteristic 
fossils  of  the  former  division  have  been  found  near  Fort  Washington, 
about  12  miles  south  of  the  city  of  Washington,  and  also  at  a  locality 
5  or  6  miles  eastward  from  that  city  .  These,  together  with  certain 
facts  which  are  stated  by  Messrs.  Olark  and  Uhler,  indicate  that  the 
Cretaceous  belt  retains  about  the  same  width  through  Maryland  and 
up  to  its  crossing  of  the  Potomac  Biver  into  Viiginia  that  it  is  known ' 
to  have  in  New  Jersey  and  Delaware. 

The  smaller  subdivisions  of  the  Cretaceous  as  they  are  known  in  Kew 
Jersey  have  not  been  fully  recognized  in  Maryland,  and  it  is  probable 
that  they  lose  their  identity  to  a  hii  ge  extent  in  the  latter  State.  Along 
Sassafras  Biver,  in  the  northeastern  part  of  the  State,  according  to  Mr. 
McOee,  the  strata  which  are  referred  to  the  marine  division  rest  uncou- 
formably  upon  those  referred  to  the  non-marine,^  which  indicates  the 
probable  absence  there  of  the  Clay  Marl,  if  not  also  of  the  Baritan  and 
Amboy  clays.  No  equivaleut  of  those  clays  have  yet  been  satisfacto- 
rily recognized  so  far  south  as  this  locality,  and  all  the  strata  there 
which  are  referable  to  the  non-marine  division  are  understood  to  be 
such  as  are  characteristic  of  the  Potomac  formation.  Therefore  the 
unconformity  reported  by  Mr.  McGee  accords  with  other  observed  con- 
ditions. 

The  clays  of  the  non-marine  division  which  are  found  between  Balti- 
more and  Washington  have  yielded  both  vertebrate  and  plant  remains. 
The  latter  were  thought  by  Dr.  Tyson  to  be  of  Cretaceous  age,*  and  the 
former  have  been  referred  to  the  Jurassic  by  Prof.  Marsh.' 

No  trace  of  the  marine  division  of  the  Cretaceous  has  yet  been  found 
*  in  the  District  of  Columbia,  although  small  exposures  of  it  have  been 
discovered  in  Maryland  not  far  from  the  District  boundary,  as  already 
mentioned.  Considerable  exposures  of  the  lower  division,  however, 
occur  there,  which  have  been  described  by  Mr.  McGee  in  his  publica- 
tions concerning  the  Potomac  formation.* 

It  ought  to  be  mentioned  here  that  Mr.  P.  B.  Uhler  has  reported  the 
existence  in  Maryland  of  a  deposit  of  light-colored  sands  and  clays 
nnconformably  overlying  the  Potomac  formation,  to  which  he  gave  the 
name  of  Albirnpean.*  This  deposit  is  also  mentioned  by  Dr.  W.  B. 
Olark,^  but  comparatively  little  is  yet  known  concerning  it.    It  possibly 

1  SeTeotb  Ann.  Rop.  U.  S.  Geol.  Survey,  p.  634. 

> First  Rep.  Ag.  Cbcniiat,  Maryland,  1K60,  p.  42. 

'Am.  Jour.  Sci.,  1888, vol.  35,  pp.  SO-IM,  and  Ninth  Ann.  Rep. U.  S.  Geol.  Sorvey, p.  115. 

*See  Three  Forraationn  of  the  Middlo  Atlnutic  Slope,  in  Am.  Jour.  Sci.,  vol.  35, 1888,  pp.  120-143. 

*Proc.  Amer.  Philoa.  Soc.,  vol.  25,  pp.  42-58. 

*  Johns  Hopkins  Univeroity  Circulars,  No.  81,  p.  69. 
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represents  in  part  those  deposits  which  in  New  Jersey  inelade  the 
Raritau  and  Amboy  clays. 

Southward  from  this  portion  of  Maryland  no  deposits  seem  to  exist 
in  the  Atlantic  Border  region  which  may  be  regarded  as  representing 
either  the  Baritan  and  Amboy  clays  or  the  Olay  Marl  of  New  Jersey. 
That  is,  all  the  deposits  southward  from  here  which  are  referable  to 
the  non-marine  division  evidently  belong  to  the  Potomac  formation. 

VIRGINIA. 

From  the  District  of  Columbia  southward,  exposures  of  the  marine 
division  of  the  Cretaceous  of  the  Atlantic  Border  region  are  rarely  met 
withy  no  discovery  of  any  in  Virginia  having  yet  been  reported.  This 
is  doubtless  due,  in  large  part  at  least,  to  the  overlapping  of  the  Creta- 
ceous by  the  Tertiary  deposits ;  but  it  is  worthy  of  remark  that  while 
the  non-marine  division  was  recognized  by  Itogers  in  an  artesian  boring 
at  Fort  Monroe  at  a  depth  of  835-907  feet/  the  materials  of  the  marine 
division  were  not  there  recognized  by  him. 

From  the  District  of  Columbia  a  narrow,  irregular,  and  interrupted 
belt  of  outcrop  of  the  non-marine  division,  which,  as  before  intimated, 
consists  entirely  of  the  Potomac  formation,  extends  southward  into 
Virginia  by  way  of  Alexandria,  Fredericksburg,  and  Richmond  to  the 
vicinity  of  Petersburg.  It  is  well  exposed  at  numerous  places  along 
the  Potomac,  Rappahannock,  and  James  Rivers,  but  only  slightly  so 
along  the  Appomattox.  Southward  from  Petersburg  the  known  ex- 
posures are  few  and  comparatively  unimportant.  Indeed,  nearly  or 
quite  the  whole  of  the  Cretaceous  series  is,  in  that  part  of  the  Atlantic 
Border  region,  covered  from  view  by  later  deposits,  and  subsequent 
erosion  has  seldom  bared  any  Cretaceous  strata. 

The  Potomac  formation,  which  alone  constitutes  the  non-marine  divi- 
sion in  Virginia,  has  been  described  by  Mr.  McGee  as  consisting  largely 
of  lithificd  arkose,  a  single  exposure  of  which  reaches  a  thickness  of  80 
feet,  but  the  full  thickness  of  the  division  there  has  not  been  ascertained. 
He  estimates  it,  however,  at  500  or  600  feet.  ^ 

A  large  and  veiy  important  flora  has  been  discovered  in  the  lower 
portion  of  the  Potomac  formation  in  Virginia,  mostly  near  Fredericks- 
burg, which  has  been  especially  studied  by  Prof.  W.  M.  Fontaine,  and 
published  by  him  in  connection  with  other  species  from  the  same  hori- 
zon in  Maryland.  ^  It  does  not  yet  appear  that  any  of  the  species  of 
this  flora  are  identical  with  any  of  those  found  in  the  Amboy  and  Bari- 
tan clays,  and  Prof.  Lester  F.  Ward  has  stated  that  a  large  proportion 
of  the  species  of  the  Fredericksburg  flora  are  of  Jurassic  types.^    It  is  a 

>  Reprint  of  Annaal  Boporto  and  other  papers  on  the  Geology  of  the  Virginias,  1884,  pp.  733>738. 

*Ain.Jour.Sci.,  1888,  vol.  35,  p.  181. 

*The  Potomac  or  Yoanger  Meaozoie  Flora,  Mouog.  U.  S.  GeoL  Sarv^ey,  1888,  voL  !& 

« Am.  Jonr.  SoL,  1888,  yoI.  36^  pp.  119-181. 
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significant  foct  in  this  connection  that  a  large  proportion  of  the  plant 
remains  described  and  figured  by  Prof.  Fontaine  from  the  Potomac 
formation  of  Virginia  are  foand  in  roanded  and  lenticular  masses  of  in- 
durated clay  imbedded  in  the  sandstone  or  arkose  deposit  One  is 
therefore  disposed  to  inquire  whether  these  plants  may  not  represent  a 
Bome w  hat  older  deposit  than  is  that  part  of  the  Potomac  formation  in 
which  they  are  found. 

NORTH  CAROLINA. 

Neither  Prof.  W.  C.  Kerr  nor  Dr.  Ebenezer  Emmons  speaks  of  the 
e^ustence  of  the  non-marine  division,  as  such,  in  North  Garolina,  but 
other  geologists  have  since  recognized  a  few  exposures  of  it,  all  of 
which  are  referable  to  the  Potomac  formation.  Prof.  Eerr,  however, 
has  shown  that  there  are  considerable  exposures  of  the  marine  division. 
He  says : 

This  formatioD  is  viBible  in  North  Carolina  only  in  the  river  blofGB  of  the  sonth- 
eaatem  portion  of  the  State,  ftom  the  Neuse  (and  its  tributary,  Contentnea)  sonfch- 
ward.  Dr.  Emmons  also  speaks  of  it  as  occurring  on  Tar  River.  It  is  best  exposed 
in  the  bluffs  along  the  Cape  Fear  between  Fayette ville  and  Wilmington.  The  Cre- 
taceous beds  of  North  Carolina  are  not  usually  very  rich  in  fossils,  the  Greensand 
containing  generally  scattered  specimens  of  Belemnites,  Ostrea  larva,  Ezogyra  cos- 
tata,  and  an  occasional  Anomia ;  but  at  several  points  on  the  Cape  Fear  the  £x- 
ogyras  are  very  namerous,  and  at  Kelly's  Cove,  about  40  miles  ftom  Wilmington, 
there  is  a  stratum  of  2  to  4  feet  thick  which  is  filled  with  marine  shells.  These  beds 
occupy  everywhere  the  lowest  position,  and  nowhere  expose  a  thickness  above  50  or 
60  feet,  so  that  there  is  nothing  on  which  to  groand  even  a  conjecture  of  their  ver- 
tical extent.^ 

It  is  not  probable  that  any  extensive  exposures  of  the  non-marine 
division  of  the  Cretaceous  exist  in  North  Carolina,  and  those  now  known 
are  few  and  unimportant,  except  that  they  demonstrate  its  existence 
there  and  afford  presumptive  evidence  that  the  formation  is,  or  originally 
was,  continuous  throughout  the  whole  length  of  the  Atlantic  border 
region.  Mr.  McGee  records  an  exposure  of  it  at  Weldon,  on  the  Boan- 
oke  Eiver,  where  it  consists  only  of  a  thin  bed  of  arkose.'  It  is,  how- 
ever, to  be  expected  that  future  investigations  will  demonstrate  the 
presence  of  this  division  within  a  belt  of  considerable  width  extending 
across  the  State. 

All  the  Cretaceous  deposits  of  North  Carolina  are  so  generally  cov- 
ered from  sight  by  the  Tertiary  and  later  deposits  that  it  is  difficult  to 
present  a  satisfactory  section  of  the  former.  Indeed,  the  latter  stretch 
entirely  across  the  portion  of  the  State  which  is  embraced  within  the 
Atlantic  Border  region,  so  that  along  its  western  boundary  those  later 
formations  are  at  different  places  found  to  lap  directly  upon  the  Triassic, 
Cambrian,  and  Archean  rocks  respectively. 

The  accompanying  section,  construc^ted  from  data  derived  from  Prof. 
Kefr^s  report,  illustrates  the  relative  position  of  the  formations  of  the, 

*■  G«ology  of  North  Carolina,  1875,  vol  1,  pp.  U7-149.  *  Am.  Jour.  Sci.,  1888,  voL  35,  p.  126.    ' 
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epstern  part  of  the  State;  and  it  also  shows  the  slightness  of  the 
ocean  ward  dip  of  the  Cretaceous  and  later  formations.  The  line  upon 
which  it  is  drawn  extends  from  Hew  Berne,  on  the  Lower  Neuse  River, 
to  Haywood,  at  the  confluence  of  Haw  and  Deep  Bivers,  those  two 
streams  there  uniting  to  form  the  Gape  Fear  Biver. 


Fig.  4.—SMtioD  from  Hay  wood  to  New  Berne,  North  Carolina;  1,  A.rcbeanrock8;  2,  Cretaceous  rest- 
ing directly  and  unconformably  npon  the  Archean;  3,  Tertiary  atrata  overlapping  both  the  Creta- 
caoua  and  Archean ;  A,  New  Berne  ;  B,  Haywood. 

80UTU  CAROLINA. 

With  the  exception  of  a  few  exposures  of  the  strata  of  the  marine 
division  of  the  Cretaceous,  the  Tertiary  and  later  deposits  occupy  the 
surface  of  all  that  part  of  the  Atlantic  Border  region  which  lies  within 
the  State  of  South  Carolina,  along  the  inland  border  of  which  they  rest 
unconformably  upon  the  Triassic,  Cambrian,  and  Archean  rocks,  re- 
spectively, as  they  do  in  North  C.irolina.  Prof.  M.  Tuomey  says  the 
Cretaceous  formation  of  South  Carolina  is  a  continuation  of  the  beds 
so  finely  exposed  on  the  Cape  Fear  Biver  in  North  Carolina.^  He  men- 
tions exposures  of  the  strata  as  occurring  only  in  the  banks  of  the  Great 
Pedee  and  neighboring  rivers  in  the  eastern  corner  of  the  State.  A 
considerable  number  of  the  fossil  species  which  characterize  the  upper 
marine  division  of  the  New  Jersey  Cretaceous  have  been  found  in  the 
South  Carolina  beds,  but  neither  the  base  nor  the  top  of  that  division 
appears  to  have  been  anywhere  recognized  in  the  State. 

There  seems  to  be  no  reason  to  doubt  that  both  divisions  of  the  Cre- 
taceous of  the  Atlantic  Border  region  exist  in  considerable  force  within 
the  limits  of  South  Carolina,  and  that  they  are  now  covered  by  the 
later  formations,  but  it  is  not  practicable  to  define  the  outlines  of  the 
area  which  they  n'ow  occupy',  or  once  occupied.  That  they  are,  or  orig- 
inally were,  continuous  in  a  southwesterly  direction  with  the  Cretaceous 
series  of  the  Gulf  Border  region  has  already  been  indicated. 

CONCLUDING  REMARKS  ON  THE  ATLANTIC  BORDER  REGION. 

From  the  foregoing  statements  it  will  be  seen  that  the  deposition  of 
the  whole  marine  division  of  the  Atlantic  Border  Cretaceous  is  regarded 
as  having  suffered  little  if  any  interruption  from  beginning  to  end;  and 
it  has  also  been  shown  that  its  molluscan  fossils  indicate  not  only  that 
they  are  of  Upper  Cretaceous  age,  but  that  they  represent  a  fauna,  the 
integrity  of  which  was  not  entirely  broken  during  the  deposition  of  the 
whole  division. 


Rep.  Geol.  South  Carolina,  1818,  pp.  132-135. 
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The  iip{)er  deliniiUtion  of  tlio  luariiio  division  is  anderstood  to  be  by 
a  time-liiatus  between  itself  and-tlie  overlying  Tertiary.  Its  lower  de- 
limitation is  known  in  some  places  to  be  marked  by  unconformity  upon 
characteristic  strata  of  the  Potomac  formation,  although  it  is  appar- 
ently conformable  upon  the  Baritan  and  Amboy  clays  in  New  Jersey. 

The  most  northerly  point  in  the  Atlantic  Border  region  at  which 
strata  of  the  marine  division  have  been  certainly  recognized  is  upon  the 
shores  of  Raritan  Bay  in  New  Jersey,  and  the  most  southerly  point  is 
in  the  valley  of  the  Great  Pedee  River  in  South  Carolina.  The  best 
exposures  of  its  strata  are  in  New  Jersey;  southward  from  that  State 
they  become  so  much  covered  by  Tertiary  and  later  deposits  that  it  is 
mainly  in  the  river  banks  that  exposures  of  ib  are  found.  There  is  no 
reason  to  doubt  that  this  d^ivisiou  is,  or  originally  was,  continuous 
from  Raritan  Bay  to  the  southern  boundary  of  the  Atlantic  Border  re- 
gion. For  reasons  already  indicated,  and  for  others  yet  to  be  men- 
tioned, it  will  appear  that  there  is  just  as  little  cause  for  doubt  that  it 
is,  or  originally  was,  continuous  with  the  marine  division  bf  the  Cre- 
taceous in  the  Gulf  Border  region.  It  is  probable  that  deposits  of  this 
division  w^e  originally  made  upon  Long  Island  and  M nrtha's  Vine- 
yard, as  has  already  been  mentioned,  but  no  positive  evidence  has  been 
obtained  that  any  of  its  undisturbed  straUi  now  exist  there. 

The  thin  layers  of  fossiliferons  sandstone  which  were  discovered  by 
Prof.  N.  S.  Shaler  on  the  island  of  Martha's  Vineyard,  tire  found  to 
contain  a  number  of  molluscan  species,  all  of  which,  so  far  as  they  are 
distinguishable,  are  unlike  any  known  forms  which  occur  in  either  of 
the  divisions  of  the  New  Jersey  Cretaceous.  They  are  marine  species, 
and  can  not  therefore  be  referred  to  the  non-marine  division.  As  a 
whole,  this  fragmental  representative  of  a  molluscan  fauna  has  certain 
similarities  with  one  which  occurs  in  some  Cretaceous  layers  that  im- 
mediately underlie  strata  which  represent  the  Rotten  limestone  in  the 
banks  of  the  Chattahoochie  River  near  Columbus,  Georgia.  As  the 
Rotten  limestone  is  regarded  as  equivalent  to  the  basal  portion  of  the 
marine  division  in  New  Jersey,  the  Martha's  Vineyard  deposit  is  pro- 
visionally referred  to  the  base  of  the  marine  division  of  the  Atlantic 
Border  Cretaceous,  and  to  the' horizon  of  the  Tombigbee  Sand,  which 
will  be  described  in  connection  with  the  Cretaceous  deposits  of  Ala- 
bama. 

The  non-marine  division  of  the  Atlantic  border  Cretaceous  consists 
of  certain  deposits  the  taxonomic  position  of  which  corresponds  to 
that  of  some  not  yet  well  ascertained  stage  or  stages  between  Triassic 
beneath  and  the  marine  Upper  Cretaceous  above.  These  deposits  lie 
anconformably  upon  the  former  rocks  in  some  places  and  in  others  upon 
Paleozoic  and  Archean  rocks,  respectively.  The  contained  fossils  are 
in  part  such  as  indicate  a  brackish  and  in  part  a  fresh-water  origin,  no 
true  marine  fossils  haviug  been  found  in  any  part  of  the  division. 
These  facts,  together  with  the  lithological  character  of  the  deposita^iudv 


94  THE   CRETACEOUS.  (BULkflS. 

cate  that  they  are  all  of  either  estuary  or  littoral  origin,or  of  both.  Luid- 
plant  remains,  sometimes  in  abundance,  have  been  found  in  the  depos- 
its of  the  lower  division,  and  some  of  them  have  yielded  remains  of  land 
animals.  All  these  deposits  together  have  been  thought  by  some  geol- 
ogists to  be  referable  to  the  Potomac  formation  as  it  has  been  defined 
by  Mr.  McGtoe,  but  there  are  good  paleontological  reasons  for  regarding 
the  Amboy  and  Baritan  clays  of  New  Jersey  as  of  later  origin  than  the 
Potomac  formation  proper. 

The  deposits  referable  to  the  non*marine  division  which  have  heeia 
found  on  Stateu,  Long,  and  Martha's  Vineyard  islands  are  sho¥m  by 
their  fossil  plants  to  represent  the  Baritan  and  Amboy  clays.  No' de- 
posits thought  to  represent  the  Potomac  formation  proper  have  been 
recognized  northward  from  New  Jersey,  and  none  thought  to  represent 
the  Baritan  and  Amboy  clays  have  been  recognized  south  of  that  State, 
unless  it  shall  appear  that  they  are  partially  represented  in  Maryland 
by  the  Albirupean  of  Uhler,  which  has  already  been  mentioned. 

All  the  deposits  which  in  the  Atlantic  border  region  are  referred  to 
the  Cretaceous  and  which  lie  beneath  the  horizon  of  the  Clay  Marl  of 
New  Jersey  are  provisionally  grouped  together  as  constituting  the  non- 
marine  division,  coordinate  with  the  overlying  division  which  is  com- 
I>osed  wholly  of  marine  deposits.  Although  it  has  not  yet  been  found 
practicable  to  separate  the  strata  of  the  non-marine  division  into  dis- 
tinct formations  upon  strattgraphical  grounds,  the  paleontological  evi- 
dence which  is  referred  to  in  jfollowing  paragraphs  indicates  that  not 
less  than  two  distinct  geological  epochs  are  represented  by  them. 

According  to  Prof.  Ward  the  Fredericksburg  flora,  which  has  been  so 
elaborately  studied  by  Prof.  Fontaine,  contains  no  known  Jurassic  spe- 
cies, but  it  contains  a  large  number  of  what  he  reganls  as  characteristic 
Jurassic  types.  He  identifies  specifically,  or  as  close  allies,  a jconsider- 
able  number  of  the  members  of  the  Fredericksburg  flora  with  Creta- 
ceous species,  which  he  indicates  as  ranging  from  the  Weulden  to  Middle 
Cretaceous  inclusive,  in  view  of  which  he  thinks  it  difficult  to  believe 
the  Potomac  formation  to  be  higher  than  Wealden  or  Ncocomian.^ 

Because  Prof.  Newberry  has  not  yet  published  the  important  work 
which  he  has  prepared  on  the  plants  of  the  Baritan  and  Am  boy  clays 
it  is  not  yet  known  whether  any  of  those  species  are  common  to  the 
.  flora  of  the  Potomac  formation  which  Prof.  Fontaine  has  published, 
but  it  is  unquestionable  that  the  former  flora,  as  a  whole,  is  very  difl'er- 
ent  from  the  latter.  The  following  data  have  been  furnished  by  Prof. 
Newberry  in  advance  of  their  publication :  The  Baritan  and  Amboy 
flora  is  now  known  to  embrace  about  150  species.  Of  these,  120  are 
angiosperms,  5  are  conifers,  12  are  ferns,  and  2  are  cycuds.  Besides  the 
intrinsic  evidence  of  Cretaceous  age  which  this  flora  is.  found  to  pos- 
sess, certain  of  the  species  among  them  are  identified  with  some  found 
in  the  Atane  beds  of  Greenland,  in' the  Dakota  beds  of  the  interior  of 


I  Am.  Joar.  Sci.,  1888;  vol  86;  p.  1S8. 
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North  America,  and  in  the  Upper  Cretaceoas  of  Aaohen,  respectively. 
None  of  these  species  saggests  the  Jurassic  age  of  the  strata  from  which 
ihey  were  collected. 

The  dinosanriati  remains  which  were  obtained  from  the  clays  of  the 
non-marine  division  in  Maryland  at  certain  localities  between  Baltimore 
and  Washington  are  confidently  referred  to  the  Jurassic  by  Prof.  Marsh. 
From  the  same  formation,  and  not  far  distant  from  where  the  vertebrate 
fossils  were  found,  remains  of  cycads  and  conifers  were  obtained  by  Dr. 
Tyson.  It  is  possible  that  these  plant  remains  are  specifically  identical 
with  certain  members  of  the  Fredericksburg  flora,  or  at  least  it  is  be- 
lieved they  all  belong  to  one  and  the  same  flora. 

It  is  such  facts  as  the  foregoing  that  seem  to  make  it  necessary  to  con- 
clude that  the  deposits  which  are  in  this  essay  designated  as  the  non- 
marine  division  of  the  Oretaceous  of  the  Atlantic  border  region  repre- 
sent at  least  two  geological  epochs.  Indeed,  it  seems  not  improbable 
that  those  deposits  collectively  represent  all  or  portions  of  the  time  from 
late  Jurassic  to  Middle  Cretaceous,  inclusive.  My  ])resent  impression 
is  that  the  Potomac  formation  is  properly  referable  to  the  Lower  Cre- 
taceous upon  the  confines  of  the  Jurassic  ;1  and  that  the  Raritan  and 
Am  boy  clays  are  referable  to  the  lower  part  of  the  North  American 
Upper  Oretaceous. 

The  character  of  the  deposits  which  constitute  the  full  Cretaceous 
series  of  the  Atlantic  border  region  indicates  that  the  materials  com- 
posing them  were  derived  mainly  if  not  wholly  from  preexisting  rocks 
in  their  neighborhood. 

The  prevalence  of  arkose  among  the  component  materials  of  portions 
of  the  non-marine  division  indicates  the  origin  of  those  deposits  in  dis- 
integrated masses  of  crystalline  Archean  rooks,  such  as  are  now  to  be 
observed  along  the  eastern  border  of  the  Piedmont  region.  The  abun- 
dant clays  are  doubtless  decomposed  feldspars,  the  sands,  comminuted 
quartz,  and  the  gravel  and  small  bowlders,  water- worn  fragments  of  the 
harder  parts  of  the  same  rocks.  It  is  true  that  a  part  of  the  materials  of 
this  division  may  have  been  derived  from  adjacent  Triassic  and  Cam- 
brian rocks,  but  the  amount  furnished  by  those  rocks  was  evidently 
small,  and  even  in  these  cases  it  was  no  doubt  originally  derived  from 
the  Archean  rocks  just  mentioned. 

While  it  is  evident  that  the  whole  of  the  overlying  division  was  de- 
posited in  marine  waters,  the  character  and  composition  of  these  deposits 
also  are  such  as  to  indicate  that  the  materials  composing  them  originated 
in  the  immediate  vicinity  or  that  thoy  were  not  transported  to  their 
place  of  deposition  from  any  considerable  distance.  Although  there  is  a 
good  degree  of  variety  in  the  materials  which  constitute  the  strata  of 
this  division,  the  bulk  of  all  the  beds  consists  of  sand  or  olay,  or  both, 
all  of  which  was  doubtless  mainly  if  not  wholly  derived  from  destroyed 
portions  of  the  lower  division, 

1  S«e  remarks  on  following  pages,  whicb  snggeat  some  doubt  wUetU<«t  t\i«  ¥<Aai&m^  V)inBi»>^^^  'c««i&^ 
belongs  00  low  Id  the  geological  scale. 
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In  view  of  the  facts  just  mentioned  it  is  apparent  that  in  treating 
of  the  geology  of  the  Atlantic  Border  region  the  subject  of  the  foreign 
or  distant  origin  of  the  materials  need  not  be  considered,  at  least  so 
far  as  the  Cretaceous  deposits  are  concerned.  The  subject  of  the  dis- 
placemen  s  of  strata  within  this  region  during  and  since  Cretaceous 
time  will  also  be  treated  as  of  less  importance  than  that  of  those  which 
have  occurred  in  the  other  regions.  That  there  was,  however,  a  gen- 
eral snlisidence  of  at  least  the  greater  part  of  the  region  between  earlier 
Cretaceous  and  post-Tertiary  time,  and  a  similar  elevation  after  that 
time  together  with  considerable  and  somewhat  diverse  tilting,  is  evident. 

The  present  position  of  the  Cretaceous  strata,  as  is  shown  by  the 
sections  given  on  preceding  pages,  indicates  that  the  elevation  referred 
to  was  not  quit^e  uniform  over  the  whole  region.  The  more  northerly 
of  the  two  sections  across  the  State  of  New  Jersey  which  are  there 
given  shows  that  the  Cretaceous  strata  which  are  represented  by  its 
western  end  have  been  elevated  more  than  300  feet  above  sea  level, 
while  those  which  are  represented  by  the  eastern  end  are  now  two  or 
three  times  as  many  feet  beneath  that  level.  Even  allowing  for  a 
considerable  oceanward  slope  of  the  bottom  upon  which  these  depos- 
its were  made,  it  is  plain  that  in  the  final  elevation  the  whole  nSass 
has  there  been  tilted  as  just  mentioned.  The  North  Carolina  section, 
a  figure  illustrating  which  is  given  on  page  92,  shows  that  a  similar 
oceanward  tilting  did  not  occur  there  in  the  final  elevation.  Those 
North  Carolina  Cretaceous  strata  apparently  have  a  less  degree  of 
oceanward  dip  than  had  the  sea  bottom  upon  which  they  were  depos- 
ited, which  indicates  that  a  slight  landward  tilting  of  the  strata  has 
[)robably  occurred  there. 

These  displacements  are  such  as  properly  come  under  the  head  of 
epeirogenic,'  and  not  erogenic  movements,  because  their  final  effect  has 
been  merely  to  add  a  broad  border  of  slightly  disturbed  materials  to 
•the  continental  area.  Orogenic  movements,  or  abrupt  foldings  of  strata, 
appear  not  to  have  occurred  within  the  limits  of  the  Atlantic  Border 
region  after  the  close  of  the  Triassic  period,  with  the  exception  of  por- 
tions of  Long  Island  and  Martha's  Vineyard.  The  strata  at  Gay  Head, 
on  the  latter  island,  as  well  as  some  of  those  near  the  western  end  of 
Long  Island,  are  considerably  folded,  and  the  folding  seems  to  have 
taken-  place  in  the  latter  part  of  Tertiary  time. 

In  the  study  of  the  several  formations  which  occur  in  each  of  the  re- 
gions, the  names  of  which  are  given  on  page  72,  and  whose  outlines 
are  shown  on  the  map  opposite  page  72,  it  is  particularly  desira- 
ble that  the  upper  and  lower  limits  of  the  full  series  in  each  case 
should  be  defined  with  reference  to  the  character  of  their  delimitation 
and  to  recognizable  general  paleontological  horizons.    Reviewing  the 

*  This  word,  in  my  former  aso  of  it,  wan  npelled  "  opirogenic."  The  preseut  spelling  ia  used  in  dbf* 
ercuce  to  Mr.  G.  K.  Gilbert,  who  was  the  flrst  to  propose  the  word,  jlthongb  both  orthographic  forms 
are  regarded  as  allowable. 
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foregoing  discussious  of  the  Oretaceoas  deposits  of  the  Atlantic  Border 
region  with  those  objects  in  view,  we  iind  that  the  lower  limit  of  the  full 
series  is  especially  difficult  of  definition,  both  paleontologically  and 
stratigraphically ;  and  also  that  certain  questions  bearing  upon  its 
upper  delimitation  are  in  more  or  less  doubt.  With  regard  to  the  lat- 
ter we  are  aided  by  a  great  marine  paleontological  horizon  which  we 
shall  find  to  be  recognizable  over  a  large  part  of  the  area  which  is  occu- 
pied by  Cretaceous  deposits  in  North  America;  but  with  regard  to  the 
lower  delimitation  of  the  series  we  are  not  aided  by  a  horizon  so  trust- 
worthy as  that,  the  one  with  which  we  have  to  deal  in  this  case  being 
of  non-marine  origin. 

Although  the  Baritan  and  Amboy  clays  probably  represent  the  base 
of  the  Upper  Cretaceous,  they  are  in  some  places  known  to  rest  directly 
upon  Triassic  rocks,  between  which  and  the  clays  there  is,  of  course,  a 
wide  time-hiatus.  It  has  also  been  shown  that  characteristic  strata  of 
the  Potomac  formation  rest  in  some  places  directly  upon  the  Triassic 
rocks  and  in  others  upon  the  Cambrian  and  Archean  rocks  respetively. 
The  Potomac  strata  are  herein  provisionally  classed  as  Cretaceous,  but 
it  has  been  shown  that  they  contain  fossils  which  certain  authors  regard 
as  of  Jurassic  types.  Even  if  these  stratashould  finally  be  assigned  to 
the  Jurassic  they  must  doubtless  be  classed  with  the  ui^per  part  of  that 
system,  and  this  would  also  show  a  considerable  time-hiatus  between 
the  base  of  the  Potomac  formation  and  the  latest  of  the  rocks  upon 
vhich  it  has  been  found  to  rest. 

Comparatively  little  can  be  said  concerning  the  lower  delimitation  of 
theseriesfrom  a  paleontologicalstnndpointbecausetheevidence relating 
to  it  is  so  far  from  complete,  and  because  it  is  mainly  confined  to  those 
fossil  forms  which  indicate  the  existence  of  continental  and  not  of  true 
marine  conditions.  That  is,  we  must  use  a  different  class  of  criteria  in 
considering  the  lower  deliminatiou  of  the  series  from  those  employed  in 
the  discussion  of  the  upper.  For  the  latter  we  exclusively  rely  upon 
marine  molluscan  forms,  and  for  the  former  mainly  upon  land  plant.^. 

If  no  doubt  were  entertained  ns  to  the  Cretaceous  age  of  the  Potomac 
formation  the  lower  limit  of  the  series  in  the  Atlantic  Border  region 
could  be  more  clearly  defined  than  is  now  practicable,  but  the  foregoing 
facts  give  little  hope  that  this  question  is  likely  soon  to  be  definitely 
settled. 

The  upper  limit  of  the  full  Cretaceous  series  in  the  Atlantic  Border 
region,  although  more  satisfactorily  definable  than  the  lower,  is  somewhat 
indefinite,  or  at  least  certain  stratigraphical  and  paleontological  ques- 
tions concerning  it  are  not  yet  settled.  The  opinion  has  ])revailed  with 
some  geologists  that  the  Eocene  strata  of  this  region  always  rest  con- 
formably npon  the  uppermost  Cretaceous  strata,  but  this  apparent 
conformity  is  not  real  in  all  cases.  Prof.  Cook  has  shown  that  in  New 
Jersey  the  general  dip  of  the  Eocene  strata  is  constantly  less  in  degree 
than  that  of  the  Cretaceous  strata.  This  condition  is  also  indicated  ixL 
Bull.  82 7 
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other  parts  of  the  regiou  by  the  great  overlappiDg  of  the  Tertiary  upon 
the  Cretaceous  deposits. 

Besides  these  stratigraphical  indications  of  unconformity  between 
the  Cretaceous  and  Eocene,  and  consequently  of  a  time-hiatus  between 
them,  the  paleontological  conditions  also  point  to  a  similar  conclusiou. 
That  is,  the  CiBtaceous  and  Eocene  strata  being  both  of  marine  origin, 
the  molluscan  fauna  of  each  is  too  different  from  that  of  the  other  to 
permit  the  supposition  th^t  there  is  not  a  distinct  faunal  hiatus  between 
them  representing  a  lapse  of  time  during  which  all,  or  nearly  all,  the 
characteristically  Cretaceous  types  were  extinguished,  and  at  least  a 
large  part  of  the  Tertiary  types  were  introduced. 

There  is  a  condition  of  things  in  the  southeastern  part  of  North  Caro- 
lina and  the  adjacent  part  of  South  Carolina  that  needs  to  be  specially 
referred  to  in  this  connection  because  of  its  bearing  upon  the  general 
question  of  chronology.  This  is  the  commingling  in  one  and  the  same 
stratum  of  molluscan  forms  that  are  characteristic  of  the  Eocene  with 
those  that  are  equally  characteristic  of  the  Cretaceous,  the  two  best 
known  localities  where  this  commingling  is  reported  to  occur  being 
Castle  Haynes  and  Rocky  Point,  9  and  15  miles,  respectively,  northward 
from  Wilmington,  North  Carolina.  The  authors  who  have  specially  dis- 
cussed this  subject  are  Prof.  Tuomey,'  Mr.  Conrad,^  and  Dr.  Clark.^ 

The  fact  of  the  commingling  of  Cretaceous  and  Tertiary  types  of  fos- 
sil mollusks  in  the  manner  referred  to  is  too  well  attested  by  competent 
observers  to  allow  of  any  reasonable  question  upon  that  point.  There- 
fore the  question  to  be  considered  is  whether  that  commingling  is  me- 
chanical or  faunal.  That  is,  whether  the  stratum  in  question  was 
formed  in  Tertiary  waters  of  material  derived  at  least  in  part  from  pre- 
existing Cretaceous  strata,  by  which  means  some  of  the  then  fossil  shells 
of  the  latter  formation  became  commingled  with  the  then  living  Tertiary 
shells,  or  whether  that  stratum  was  formed  at  a  time  intermediate  be- 
tween the  Cretaceous  and  Tertiary,  and  the  mollusks  whose  remains  are 
found  commingled  coexisted  as  members  of  one  and  the  same  then 
living  fauna. 

Prof.  Tuomey  was  disposed  to  believe  that  all  the  commingled  forms 
referred  to  coexisted,  and  that  the  position  of  the  strata  in  which  they 
are  now  found  is  consequently  intermediate  between  the  Cretaceous 
and  Tertiary.  On  the  contrary,Mr.  Conrad  was  positive  in  his  opinion 
that  the  commingling  took  place  in  Tertiary  time  and  that  the  fossils 
of  Cretaceous  types  were,  after  their  fossilization,  derived  by  mechan- 
ical means  from  preexisting  strata. 

Dr.  Clark,  while  he  is  cautious  as  to  the  expression  of  a  final  con- 
clusion, is  clearly  of  the  opinion  that  the  commingling  is  mechanical 
and  not  faunal.    I  also  regard  the  coinmiugliug  of  the  fossil  forms 

^•" "  ^ •  ■ —    -— —  "  ■ '  -      -  ■  . .  «« 

^Taomey,  M.:  Report  od  the  geology  of  South  Carolina,  1848,  pp.  169,170;  Proo.  Am.  Assoc.  Adv. 
Sci.,  1848,  vol.  1,  p.  33 ;  Proc.  Ac««l.  Nat.  Sci.  Pbila.,  1852,  vol.  6,  p.  193. 
> Qonrad,  T.  A.:  Proc.  AGa4l.  Nat.  Sci.  Phila ,  18C5,  vol.  17,  p.  72 ;  Am.  Jour.  ScL  1867,  vol.  43,  p.  260. 
'Clark,  W.  B.:  Bull.  Geol.  Soc  Am,,  vol.  I,  pp.  537-MO. 


WHITE.]      MINGLING   OF  CKETACEOUS  AND  TERTIARY  FOSSILS.  99 

referred  to  as  having  been  produced  by  mechanical  meads,  which  view 
is  supported  by  the  following  facts  besides  those  mentioned  by  the 
authors  jnst  quoted. 

The  Cretaceous  species  which  are  found  in  this  stratum  are  well 
known  and  widely  distributed  forms  which  elsewhere  are  not  known  to 
have  Tertiary  associates.  The  Tertiary  species  are  those  which  occur 
abundantly  elsewhere  without  auy  Oretaccons  4^sociates.  The  Creta- 
ceous species  are  few  in  number  in  the  layers  in  which  the  comming- 
ling occurs,  while  the  Tertiary  species  are  abundant  and  characteristic. 

There  is  apparently  nowhere  among  the  fossils  of  the  upi)ermost 
known  undisputed  Cretaceous  strata  of  this  region  any  premonition  of 
an  immediately  im|>ending  faunal  change  of  the  character  implied  by 
regarding  that  commingling  as  a  faunal  one,  uor  is  there  any  known 
lingering  of  characteristic  Cretaceous  types  in  the  fauna  of  the  earliest 
known  undisputed  Eocene  strata  in  this  part  of  the  continent. 

Again,  the  Laramie,  a  great  formation  that  necessarily  represents 
the  lapse  of  a  long  epoch  of  time,  is  understood  to  belong  in  the  scale  of 
North  American  formations  between  the  equivalent  of  the 'uppermost 
undisputed  Cretaceous  strata  of  the  Atlantic  Border  region  and  the 
lowermost  of  the  undisputed  Eocene  strata  of  the  same  region.  There- 
fore it  is  understood  that  there  is  an  important  hiatus  between  the 
Cretaceous  and  Eocene  of  the  Atlantic  Border  region^  and  that  this 
hiatus  is  represented  by  the  Laramie  in  the  scale  of  formations  which 
prevail  in  the  Great  Interior  area. 

The  lower  portion  of  the  upper  marl  bed  in  New  Jersey  and  its 
equivalent  in  other  parts  of  the  Atlantic  Border  region  may  be  regarded 
as  the  present  delimiting  member  of  the  Cretaceous  series  there.  Much 
erosion  of  this  upper  member  has  evidently  occurred,  but  no  evidence 
has  been  observed  that  a  still  higher  member  of  the  Cretaceous  was 
ever  deposited  there  and  since  removed  by  denudation.  Still  it  is  be- 
lieved that  the  present  upper  limit  of  the  Cretaceous  in  this  region 
falls  somewhat  short  of  representing  the  full  completion  of  what  may 
be  regarded  as  Cretaceous  time  in  North  America.  These  facts  seem 
to  imply  the  absence  of  any  deposits  in  the  Atlantic  Border  region 
which  might  have  been  formed  in  an  epoch  of  transition  from  Creta< 
ceous  to  Tertiarv  time. 

Mr.  T.  W.  Stanton,  of  the  U.  S.  Geological  Survey,  has  lately  visited 
liocky  Point  and  Castle  Haynes  and  made  some  important  observa- 
tions. At  the  latter  place  he  found  the  layers  which  contain  the  com- 
mingled forms  to  be  underlain  by  a  layer  which  holds  characteristic 
species  of  the  fiipley  Cretaceous,  mingled  with  which  he  could  find  no 
Tertiary  forms.  At  Kocky  Point  also  he  found  strong  indications  that 
the  layers  in  which  the  commingling  of  forms  occurs  are  underlain  by  a 
similar  characteristic  Cretaceous  layer.  This  observation  points  out 
the  evident  source  of  the  Cretaceous  forms  which  are  commingled  with 
a  Tertiary  fauna. 
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Those  who  have  been  disposed  to  regard  this  commingling  of  Creta- 
ceous and  Tertiary  forms  as  fiEtnnal  and  not  mechanical  have  referred 
to  the  fact  that  at  some  of  the  localities  at  least  all  the  shells  of  both 
series  of  forms  are  now  in  a  similar  condition  of  fossilizatiou,  the 
greater  part  of  them  being  in  the  condition  of  oasts  and  molds  in  im- 
pure limestone.  It,  however,  seems  reasonable  to  suppose  that  when 
the  Cretaceous  shells  were  washed  out  of  their  soft  matrix  by  Tertiary 
waters  and  mingled  with  those  of  then  living  forms  they  were  compara- 
tively unchanged  by  the  conditions  of  their  previous  entombment,  and 
that  subsequently  they  were  all  subjected  to  the  conditions  which  re- 
sulted in  their  present  common  state  of  fossilization. 

The  following  table  gives  a  synoptical  view  of  the  interrelation  of 
the  different  members  which  constitute  the  full  Cretaceous  series  of  the 
Atlantic  Border  region,  and  the  relation  of  the  series  to  the  underlying 
and  overlying  formations,  in  accordance  with  the  explanations  and  dis- 
cussions which  have  been  presented  on  preceding  pages: 

Table  of  the  JUantio  border  Cretaoeons  formaiUnu,  together  with  overljfing  and  underlying 

rocke. 

Tertiary Eocene  and  later  depositfi. 

(Hiatus.) 

'  Marine  division 5  S®*^  J«r8«y  n^arl  beds. 

)  New  Jersey  olay  marls  and  their  equiYalents*. 

CreUceons  .A      '  f  ^  mu?„t"f  ^""^^  ''^^*' 

Non-marine  division .  J  _  I  n'***"*: ) 

1  Potomac  formation. 

(.  t    (Hiatus.) 

Older  rocks — ^Triassic,  Cambrian,  and  Archean. 

THE  GULF  J30BDEB  REGION. 

In  both  its  geological  and  topographical  characteristics  the  Gulf 
Border  region  is  much  like  the  Atlantic  Border  region.  Indeed,  so 
closely  similar  are  the  geological  features  of  these  two  regions  that 
there  are  probably  no  Cretaceous  strata  in  the  one  that  are  not  repre- 
sented in  the  other.  The  whole  area  of  this  region  is  in  fact  a  portion 
of  the  great  coastal  plain  which  extends  from  New  England  to  Mexico, 
but  this  great  plain  is  broader  here  than  it  is  in  either  of  the  regions 
which  adjoin  it.  It  embraces  the  whole  of  the  Florida  peniusula  and 
reaches  up  the  Mississippi  Valley  a  little  beyond  the  confluence  of  the 
Mississippi  and  Ohio  Bivers. 

The  Gulf  Border  region  includes  a  portion  of  each  of  the  States  of 
Georgia,  Alabama,  Mississippi,  Louisiana,  Tennessee,  and  Keutucky, 
and  the  whole  of  Florida.  It  also  includes  a  small  area  in  the  extreme 
southern  portion  of  Illinois.  Its  northeastern  boundary  is  the  Savan- 
nah Elver  which,  as  before  stated,  has  been  arbitrarily  chosen  as  the 
common  boundary  between  this  and  the  Atlantic  Border  region.     The 


■This  is  supposed  to  be  approximately  the  horizon  of  the  markie  Martha's  Vineyard  Upper  Crete- 
oeoas  deposit. 
*See  remarks  on  the  Albinipean  of  Uhler  on  page  89. 
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Atlantic  Ocean  forms  it«  eastern  boundary  and  the  Gulf  of  Mexico  forms 
its  entire  southern  boundary.  For  its  western  boundary  the  Mississippi 
Eiver  has  been  chosen  as  a  matter  of  convenience  because  it  is  not  prac- 
ticable to  select  a  geological  feature  for  this  purpose.  The  latter  bound- 
ary nominally  separates  this  region  from  the  Texan  region  but  so  far 
at  least  as  certain  of  the  Cretaceous  formations  are  concerned,  which 
occur  in  both  regions,  it  is  as  arbitrary  in  its  character  as  is  the  north- 
eastern boundary.  The  inland  boundary  coincides  with  an  ancient  shore 
line  of  the  Cretaceous  sea,'  and  the  dividing  line  between  the  southern 
portion  of  the  great  Archean  and  Paleozoic  area  of  eastern  North  Amer- 
ica on  the  oue  hand  and  the  broad  border  area  which  is  occupied  by 
rocks  of  Mesozoic  and  later  age  on  the  other*  That  is,-  the  inland  bound- 
anjy  line  of  this  region,  Mice  that  of  the  Atlantic  Border  region,  is  so 
drawn  as  to  include  only  the  area  within  which  the  later  Mesozoic  and 
the  Tertiary  and  post-Tertiary  deposits  are  exposed. 

The  iulaud  boundary  is  indicated  by  outlines  on  the  map  opposite 
page  72,  and  by  the  foregoing  description ;  but  it  may  be  further  desig- 
nated as  extending  from  a  point  on  the  Mississippi  River  a  few  miles 
above  its  confluence  with  the  Ohio  to  a  point  on  the  Savannah  Biver 
near  Augusta,  Oeorgia,  where  it  meets  the  inland  boundary  of  the  At- 
lantic Border  region.  From  the  place  of  beginning  just  mentioned  it 
extends  eastward  to  a  point  on  the  Ohio  Biver  a  few  miles  above  its 
confluence  with  the  Tennessee  River,  and  from  there  it  may  be  followed 
along  a  strongly  convex  and  not  very  irregular  line  to  the  eastern  ter* 
minus.  From  its  northerly  point  within  western  Kentucky  the  direc- 
tion of  this  line  is  almost  due  south  through  western  Tennessee  and 
northeastern  Mississippi.  Here  it  takes  a  southeastward  direction  and 
passes  into  northwestern  Alabama.  Thence,  by  a  broad  curve,  it  passes 
nearly  centrally  through  Alabama  and  through  a  part  of  Oeorgia  to 
the  point  near  Augusta  before  mentioned. 

From  the  point  near  Augusta  to  central  Alabama  the  inland  bound- 
ary line  is  approximately  coincident  with  a  continuation  of  the  so- 
called  fall  line,  which  has  already  been  referred  to  as  a  conspicuous 
physical  feature  approximately  coincident  and  nearly  coextensive  with 
the  inland  boundary  of  the  Atlantic  Border  region.  That  is,  the  fall 
line,  which  Is  so  prominent  a  feature  along  the  oceanward  border  of  the 
Piedmont  region,  is  distinctly  recognizable  as  far  southward  as  the 
Archean  portion  of  that  region  extends.  Its  course  is  approximately 
indicated  by  the  location  of  some  of  the  principal  cities  in  Georgia  and 
Alabama,  such,  for  example,  as  Augusta,  Macon,  Columbus,  and  Mont- 
gomery, through  or  near  which  cities  this  line  passes.  Westward,  be- 
yond' the  sonthem  terminus  of  the  Archean  area  in  central  Alabama, 
and  thence  northward.  Paleozoic  rocks  only,  that  is,  those  of  Carbon- 


I  Certain  facta  seem  to  indicate  that  this  shore  line  may  have  extended  unbrokenly  far  northward 
from  the  north  limit  of  this  region  and  that  it  was  contiuuoas  with  a  shore  line  which  seems  to  have 
•pprozLmately  corresponded  in  position  with  the  present  conrse  of  the  Mississippi  and  of  the  Red 
River  of  the  North. 
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iferoiis  and  Silurian  age,  appear  in  jnxtaposition  with  the  Mesozoicand 
later  rocks.  Along  this  western  portion  of  the  inland  boundary  the  fall 
line  loses  something  of  the  distinctive  character  which  it  has  along  the 
border  of  the  Archean  area;  but  still  thelithological  and  topographical 
contrast  upon  either  side  of  that  part  of  the  boundary  line  is  nearly  as 
great  as  it  is  elsewhere. 

Tbe  average  elevation  of  this  region  above  the  level  of  the  sea,  if  we 
except  its  northern  portion  in  the  Mississippi  Valley,  is  not  much  greater 
than  that  of  the  Atlantic  Border  region,  and  the  whole  6f  it  is  quite  as 
worthy  of  being^  regarded  as  a  part  of  the  great  coastal  plain  as  is  the 
region  last  mentioned.  Indeed,  the  northern  portion  of  the  Gulf  Border 
region,  that  which  extends  as  far  north  as  southern  Illinois,  can  not  be 
topographically  separated  from  the  remainder  of  the  region,  becaq^e 
the  general  slope  from  the  mouth  of  the  Ohio  Biver  to  the  Gulf  is  quite 
uniform,  and  the  maximum  elevation  at  the  northern  end  of  the  region 
is  scarcely  more  than  600  feet,  although  it  is  500  miles  from  the  Gulf 
coast. 

Notwithstanding  the  comparatively  slight  general  elevation  above  the 
sea  of  the  Gulf  Border  region,  it  is  not  so  deeply  nor  so  frequently  in- 
dented with  bays  and  estuaries  as  is  the  Atlantic  Border  region ;  and 
therefore  the  presence  of  tide  water  within  its  limits  is  not  so  conspicu- 
ous a  feature  as  it  is  in  the  latter  region.  All  the  larger  rivers  which 
traverse  it  are  navigable,  but  navigation  usually  ends  at  or  near  the 
inland  boundary  line,  because  the  rivers  are  there  more  or  less  obstructed 
by  the  presence  in  their  channels  of  the  older  and  harder  rocks.  In 
short,  the  hy  drographic  features  of  the  whole  region  are  those  of  a  great 
plain.  The  topographic  features  are  also  those  of  a  plain  country,  the 
hills  being  only  those  of  circumdenudation,  and  the  blufGs,  as  a  rule, 
have  resulted  from  river  corrasion. 

The  geological  structure  of  the  Gulf  Border  region  is  quite  as  simple 
as  that  of  the  Atlantic  Border  region,  and  the  Cretaceous  formations  of 
the  one,  as  already  stated,  closely  correspond  with  those  of  the  other. 
The  formations  which  are  exposed  within  its  limits  are  referable  to  the 
Oretaceous,  Tertiary,  and  post-Tertiary,  respectively.  They  all  have 
the  general  appearance  of  lying  conformably  with  one  another,  although 
certain  observed  conditions  indicate  at  least  slight  unconformity  in 
some  cases.  Their  line  of  strike  corresponds  approximately  with  the 
inland  boundary  of  the  region,  and  their  general  dip,  omitting  those  of 
the  peninsula  of  Florida,  apparently  averages  about  20  feet  to  the  mile. 
The  strike  line  being  so  strongly  curved,  the  general  dip  of  the  forma- 
tions in  different  parts  of  the  region  varies  in  direction  from  west  to 
southeastward;  and  lines  which  may  be  drawn  upon  a  map  to  represent 
the  dip  at  intermediate  places  between  the  terminal  points  of  the  line 
of  strike  will  radiate  from  the  southern  terminus  of  the  broad  Cumber- 
land uplift.  It  may  be  mentioned  in  passing  that  this  fact  is  taken  to 
iftdicate  that  in  the  elevation  of  the  Gulf  Border  region  the  Cumberland 


WHRB.)  GULF  BOBDEB^  BEOION.  103 

erogenic  nplifb  was,  dariug  the  Oretaceoas  period,  still  iu  excess  of  the 
sarroandlng  epeirogenic  movement. 

The  peninsala  of  Florida  is  omitted  from  consideration  in  the  follow- 
ing discussions  because  no  rocks  of  earlier  than  Tertiary  age  appear  at 
the  surface  there,  and  because  it  is  remote  from  the  outcrops  of  the  Gre- 
taceous  formations  which  only  will  be  specially  discussed  in  this  memoir. 
A  very  large  proportion  of  the  remainder  of  the  region  will  also  receive 
only  incidental  consideration  for  a  similar  reason. 

The  displacements  of  strata  which  have  occurred  within  the  limits 
of  this  region  since  the  earliest  of  its  vis\ble  strata  were  laid  down  are 
mainly  of  an  epeirogenic  character,  no  true  erogenic  folds  involving 
the  formation§  under  discussion  having  taken  place  within  its  limits. 
Indeed,  their  almost  uniform  gentle  seaward  dip  suggests  the  idea  that 
the  only  general  displacement  which  they  have  sufi'ered  is  their  grad- 
ual elevation  to  their  present  height  above  the  level  uf  the  sea,  and  that 
the  undulations  and  minor  faults  which  are  observable  in  different  dis- 
tricts are  merely  accompaniments  of  that  general  elevation.  But  the 
character,  fossil  contents,  and  present  condition  of  the  Cretaceous  strata 
indicate  that  a  considerable  subsidence  and  a  greater  or  less  number  of 
gentle  oscillatory  movements  took  place  from  time  to  time  before  they 
reached  their  present  elevation.  Still,  it  is  evident  that  any  true  er- 
ogenic movements  that  may  have  taken  place  within  the  limits  of  this 
region  occurred  before  the  earliest  of  its  Cretaceous  deposits  were 
formed. 

Although  the  geological  formations  of  the  Gulf  Border  region  closely 
correspond  with  those  of  tho  Atlantic  Border  region  they  have  a  greater 
aggregate  thickness  in  the  former  than  in  the  lattSr  region,  especially 
those  which  are  herein  designated  as  of  Cretaceous  age.  A  greater 
proportion  of  the  strata  of  tho  Gulf  Border  than  of  the  Atlantic  Border 
region  are  of  stony  compactnesp,  and  calcareous  rocks  are  also  more 
prevalent.  Escarpments  and  ether  exposures  are  not  uncommon, 
especially  along  the  streams,  but  the  surface  of  the  whole  region  is  very 
largely  covered  with  soil  and  the  debris  of  the  incoherent  or  easily  de- 
nuded rocks,  and  one  must  often  go  many  miles  before  finding  any 
exposures  of  unaltered  strata.  Besides  the  general  correspondence  of 
the  deposits  which  iu  this  region  are  referred  to  the  Cretaceous  with 
these  of  the  Atlantic  Border  region,  two  divisions  of  the  full  series  are 
likewise  here  recognized,  the  upper  division  there,  together  with  Bari- 
tan  and  Amboy  clays,  being  regarded  as  equivalent  to  the  upper  one 
here,  and  the  lower  one  here  as  identical  with  the  Potomac  formation 
there.  In  each  region  also  the  recognition  of  the  two  general  divisions 
of  its  Cretaceous  strata  have  a  similar  basis.  That  is,  in  each  case  the 
upper  division  consists  wholly  of  marine,  and  the  lower  division  wholly 
of  non-marine  strata. 

The  Cretaceous  formations  of  the  Gulf  Border  region  occupy  a  belt 
of  outcrop  which  is  much  wider  than  that  of  the  Atlantic  Border  region, 
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its  average  width  in  those  States  which  border  apon  the  Golf  being  not 
far  from  60  miles.  The  width  is  greatest  in  the  district  throngh  which 
the  Chattahoochee  Biver  flows,  and  this  increased  width  is  apparently 
dae  to  an  aggregate  thickening  of  the'Cretaceous  strata  there.  The 
general  trend  of  this  outcrop,  as  before  indicated,  coincides  with  the 
strongly  cnrved  inland  boundary  of  the  region.  This  belt  embraces 
only  a  comparatively  small  part 'of  the  whole  area  of  the  region,  and 
its  visible  extent  is  curtailed  at  each  end  by  the  overlapping  of  Ter- 
tiary deposits  uiK)n  those  parts  of  it.  Therefore  no  exposures  of  Creta- 
ceous strata  are  known  to  occur  farther  eastward  in  this  region  than 
central  Georgia,  and  the  portion  of  the  outcrop  which  reaches  into 
western  Kentucky  is  very  small.  The  area  occupied  by  this  belt  of 
Cretaceous  outcrop,  so  far  as  now  known,  is  indicated  on  tbe  map  at 
the  end  of  this  bulletin. 

The  total  maximum  thickness  of  the  Cretaceous  series  in  the  Galf 
Border  region  does  not,  according  to  the  authors  who  have  written  upon 
it,  exceed  2,600  feet;  but  this,  it  will  be  observed,  is  more  than  double 
the  thickness  that  is  estimated  for  the  corresponding  series  of  the  At- 
lantic Border  region.  The  strata  of  this  southern  series  have  been 
somewhat  differently  divided  into  groups  by  the  geologists  who  have 
studied  them ;  but  there  has  been  no  material  difference  of  opinion 
among  them  as  tQ  the  character  of  the  series  as  a  whole. 

The  Cretaceous  series  of  the  Gulf  Border  region  has  been  made 
known  principally  through  the  labors  of  Tuoraey.*  Winchell,*and  Smith 
&  Johnson^  in  Alabama,  of  Bilgard*  in  Mississippi,  and  of  Safford^  in 
Tennessee.  The  series  is  doubtless  essentially  the  same  in  Georgia  that 
it  is  in  the  States  just  named,  but  the  published  reports  on  the  geology 
of  that  State  have  not  contained  a  clear  description  of  it  or  of  its  ex- 
tent. Prof.  J.  M.  Safford's  reports  show  that  the  series  is  essentially 
the  same  in  Tennessee  that  it  is  in  Mississippi,  although  somewhat 
modified  in  its  northern  extension ;  but  as  the  best  developments  occur 
in  the  last -named  State  and  in  Alabama,  the  following  descriptions  will 
be  based  mainly  upon  the  strata  exposed  in  those  two  States.  The 
first  of  the  following  descriptive  sections  is  of  the  Mississippi  Cretace- 
ous, published  by  Prof.  E.  W.  Hilgard  in  1871,"  and  is  a  slight  modifi- 
cation of  the  one  published  by  him  in  his  state  report  in  1860.  The 
second  is  that  of  Smith  &  Johnson  for  Alabama.'' 

■Pint  Biennial  Report  on  the  Geology  of  Alabama,  pp.  17G  aud  map,  8vo.    Tnscaloosa^  1850. 

'Notes  on  the  Geology  of  Middle  and  Soathern  Alabama.  Proc  Am.  Assoc.  Ady.  Sci.,  vol.  10,  part  2, 
pp.  82-93,  with  section. 

'Tertiary  and  Cretaceous  strata  of  the  Tuscaloosa  and  Alabama  Rivers.  Boll.  IT.  S. GeoL  Survey, 
Na  43,  pp.  189  and  plates. 

'Report  on  the  Geology  and  Agricnlture  of  the  State  of  Mississippi,  pp.  388,  8yo,ajid  plates  and  map. 
Geol.HistGnlf  of  Mexico,  Am.  Jour.  Sci.,  1871,  vol.  2,  pp.  391 -404. 

*0n  the  Cretaceoos  and  Superior  formations  of  West  Tennessee.  Am.  Jonr.  ScL,  1864,  vol.  37,  pp. 
360-37*2.    Geology  of  Tennessee,  8vo,  pp.  550,  plates  and  map.    Nashville,  1809. 

^See  Am.  Jour.  Sci.,  1871,  vol.  2,  p.  391-404. 

'  BuU.  U.  S.  Geol.  Survey,  No.  43.  p.  188. 
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Hilgard's  Mississippi  Srgtion,  1871. 

(1)  Ripley  group:  crystalline,  sandy  limestones,  alternating  with  dark-colored 
glanconitic  marls  containing  finely  preserved  fossils.    Thickness,  300  to  350  feet. 

(2)  The  Middle,  or  Rotten  limestone  group,  not  less  than  1,200  feet  in  maxiranm 
thickness.  Soft,  mostly  somewhat  clayey,  whitish,  micro-crystalline  limestones  and 
calcareous  clays;  very  nniform  on  the  whole,  if  we  except  the  locally  important  hut 
not  generally  extant  feature  of  the  '*Tomhighee  Sand,'*  the  special  home  of  Inocer- 
ami,  Selachians,  and  gigantic  Ammonites. 

(3)  Coffee  group  of  Safford  (Eutaw  group  mihi),  300  to  400  feet  thick,  consisting  of 
non- calcareous  sands  and  hltte  or  reddish  laminated  clays,  with  occasional  heds  of 
lignite. 

The  lafit-named  formation  in  Hilgard's  section  is  found  to  rest  uucon- 
formablf  upon  the  Carboniferous  strata  in  the  State  of  Mississippi,  the 
earlier  Mesozoic  being  absent  The  Arohean  rocks  upon  which  the  lower 
portion  of  the  Cretaceous  series  rests  in  Alabama  and  Georgia,  as  well 
as  along  nearly  the  whole  length  of  the  Atlantic  Border  region,  do  not 
reach  the  surface  in  the  State  of  Mississippi.  Eocene  deposits  contain- 
ing beds  of  lignite  are  found  to  rest  upon  the  upper  member  of  this  sec- 
tion, with  which  they  appear  to  the  eye  to  be  conformable. 

Smith  and  Johnson's  Alabama  Sxction,  1888. 

(1)  A  series  of  yellow  sands,  dark  gray  or  hlaish  sandy  micaceous  clays,  impure 
limestone,  and  sands  again,  in  all  hetween  200  and  300  feet  in  thickness.  This  has 
been  called  the  Ripley  formation  by  Hilgard,  and  the  name  is  retained  for  Alabama. 

(2)  An  impure  argillaceous  limestone,  of  tolerably  uniform  composition  and  about 
1,000  feet  in  thickness,  known  as  the  Rotten  limestone. 

(3)  A  se'ries  of  laminated  sands  and  sandy  clays,  at  least  300  feet  in  thickness, 
which  has  been  named  the  Eutaw  formation. 

(4)  The  most  conspicuous  rocks  are  purple  and  mottled  clays  interstratiOed  with 
white  micaceous  sands,  and  near  the  base  of  the  formation  dark  gray,  nearly  black, 
thinly  laminated  clays,  with  sand  partings.  All  the  beds  of  this  formation,  being 
loose  clays  and  still  less  coherent  sands,  have  suflfered  a  great  amount  of  denudation, 
and  in  consequence  they  form  the  banks  of  the  river  at  only  a  few  points. 

Smith  and  Johnson  unhesitatingly  refer  the  first  three  divisions  of 
their  Alabama  section  to  the  Cretaceous  system,  but  of  the  Cretaceous 
age  of  No.  4,  which  they  call  the  Tuscaloosa  group,  they  are  in  doubt. 
They  estimate  its  aggregate  thickness  at  about  1,000  feet,  and  show  that 
it  rests  unconformably  upon  the  Archean  in  the  eastern  part  of  Ala- 
bama, and  in  a  similar  manner  upon  the  Carboniferous  in  the  western 
part  of  the  same  State.  At  the  western  border  of  the  State  those 
authors  find  their  Tuscaloosa  group  to  be  identical  and  continuous  with 
at  least  a  part  of  the  series  of  beds  to  which  Hilgard  applied  the  name 
Eutaw  group  in  Mississippi. 

The  foregoing  description  of  the  Alabama  section  seems  to  apply 
more  nearly  to  the  central  and  western  parts  of  the  State  than  to  the 
eastern  part.  In  the  valley  of  Chattahoochee  River,  where,  as  already 
shown,  the  full  Cretaceous  outcrop  is  wider  than  elsewhere,  the  whole 
series  above  the  Tuscaloosa  formation  is  evidently  represented,  but 
here  it  consists  of  argillaceous  and  »haly  strata,  with  comparatively  lit* 
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tie  calcareous  material,  among  which  strata  the  three  divisions  of  the 
section  farther  westward  are  not  satisfactorily  recognizable  upon  litho- 
logical  ground.  Besides  this  there  is  such  an  interlocking  of  the  verti- 
cal range  of  fossil  species  in  the  whole  of  this  Chattahoochee  valley 
series  that  its  paleontological  division  into  such  formations  as  have  been 
recognized  farther  westward  also  seems  to  be  impracticable. 

The  following  diagram  will  show  what  is  understood  to  be  the  true 
relation  between  the  Mississippi  and  Alabama  Cretaceous  sections  as 
determined  by  the  authors  that  have  been  named  and  briefly  de8crit>ed 
in  the  foregoing  paragraphs.  The  portions  of  each  section,  which  are 
respectively  designated  as  marine  and  non*marine  divisions,  are  also 
respectively  referred  to  the  Upper  and  Lower  Cretaceous  of  North 
America.  The  object  of  the  diagram  being  only  to  show  the  understood 
equivalency  of  the  formations  of  the  two  States,  the  width^of  each  of  ilA 
divisions  bears  no  relation  to  the  thickness  of  the  formation  which  it 
represents. 


Diagram  showing  the  relation  of  the  Misaianppi  and  Alabama  Cretaceous  aectione  to  eor-A 

other  and  to  overlying  and  underlying  rocks. 
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There  is  no  reason  to  question  the  exact  equivalency  of  the  Kipley 
formation  of  Mississippi  to  the  one  to  which  the  same  name  is  applied 
in  Alabama,  nor  to  question  the  equivalency  of  the  Botten  limestone 
of  Mississippi,  less  the  basal  portion  of  it,  which  Prot.  Hilgard  called 
the  Tombigbee  sands,  to  the  Kotten  limestone  of  Alabama.  That  is, 
the  only  question  of  exact  equivalency  which  has  been  raised  applies  to 
the  Tombigbee  sand  and  the  upper  part  of  Tuomey's  Eutaw  group. 

The  upper  portion,  about  80  feet  in  thickness,  of  the  Eutaw  group 
of  Alabama  is  stated  by  Smith  and  Johnson  to  be  fossiliferous,  and  in 

>A  time  hiatus  exists  at  each  of  the  planes  represented  by  these  horisontal  lines,  but  unconformity 
if  eoDBpicuoualy  Been  only  at  the  loweat  of  tbe  ibto^ 
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those  strata  at  Choctaw  Bluff  in  that  State  fossils  are  somewhat  abnn- 
daDt.  All  the  known  fossils  of  those  upper  strata  of  the  Eutaw  group 
of  Tuomey  are  of  marine  and  not  of  nou-marne  origin,  as  are  those  of 
the  lower  strata,  which  ho  referred  to  that  formation.  These  fossils  of 
the  upper  strata  appear  to  be  largely  identical  with  those  of  the  Tom- 
bigbee  sand  in  Mississippi,  the  whole  also  showing  close  fannal  rela- 
tionship with  the  overlapping  Cretaceous  formations  in  each  State. 
Upon  paleontological  ground,  therefore,  there  seems  to  be  good  reason 
for  not  separating  the  Tombigbee  sand  from  the  liotten  limestone  group 
of  Mississippi,  and  this  was  the  final  opinion  of  Prof.  Hilgard  concern* 
ing  it.^  For  a  similar  reason  the  evident  equivalent  of  the  Tombigbee 
sand,  namely,  the  upper  part  of  the  Alabama  Eutaw  group,  should  be 
placed  with  the  liotten  limestone  formation  in  the  Cretaceous  section 
for  that  State.  'Thus  all  the  strata  from  the  horizon  of  the  top  of  the 
Kipley  down  to  that  of  the  base  of  the  Tombfgbee  sand  and  its  equiv- 
alent are  known  by  their  contained  fossils  not  only  to  have  been  marine 
deposits,  but  to  be  intimately  related  to  one  another,  and  we  shall  see 
that  they  are  all  probably  referable  to  one  great  paleontological  hor- 
izon. The  stratigraphical  condition  of  this  series  of  deposits  also  favors 
the  foregoing  opinion  as  to  their  paleontological  unity. 

Because  of  their  lithological  character  the  abundant  presence  of 
plant  remains  in  many  places,  and  the  absence  of  marine  fossils  in  all 
parts,  so  far  as  is  now  known,  the  deposits  constituting  the  Eutaw 
group  of  Hilgard  in  Mississippi,  the  Tuscaloosa  group  of  Smith  &  John- 
son in  Alabama,  and  the  lower  ^20  feet  of  the  Eutaw  group  of 
Tuomey  in  Alabama  are  regarded  as  of  non-marine  origin ;  that  is,  of 
littoral  or  estuarine  origin,  or  of  both.  Therefore,  if  we  include  all  the 
marine  deposits  of  the  Cretaceous  series  of  this  region  in  the  upper 
division,  and  all  the  presumably  non-marine  deposits  in  the  lower,  as 
was  done  in  the  case  of  the  series  of  formations  in  the  Atlantic  Border 
region,  we  must  draw  the  line  of  separation  at  the  base  of  the  Tom- 
bigbee sand,  which  is  here  treated  as  a  portion  of  the  Rotten  limestone 
formation  of  Mississippi,  antl  at  about  80  feet  below  the  top  of  the 
Eutaw  group  of  Tuomey  in  Alabama.  This  dividing  line  of  the  two 
divisions,  which  are  designated  as  the  marine  and  non-marine  divi- 
sions, respectively,  i^  indicated  by  the  meeting  of  braces  at  the  left- 
hand  side  of  the  foregoing  diagram. 

The  accompanying  section,  Fig.  5,  the  location  of  which  is  approxi- 
mately along  the  87th  meridian  in  Alabama,  has  been  compiled  mainly 
from  dat^  derived  from  Smith  and  Johnson's  memoir  on  the  Tertiary 
and  Cretaceous  rocks  of  a  portion  of  that  State.^  Mr.  McGee^  and  Prof. 
Hitchcock^  both  represent  upon  their  maps  a  narrow  belt  extending 
along  the  northern  edge  of  the  Cretaceous  outcrop  across  the  States  of 


*  Am.  Jour.  Sci.,  1871,  toL  2,  pp.  391-301. 

*  Bull.  U.  S.  Geol.  Survey,  No.  43. 

*Map  accompanying  the  Fifth  Ann.  Rep.  U.  S.  Geol.  Survey. 
'Map  compiled  for  Am.  Inst  Mining  Engineero. 
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Qeorgia  and  Alabama  aa  being  occupied  by  post-Tertiary  deposits. 
It  Beems  more  probable  that  that  belt  ia  realty  occupied  by  remnants 
of  the  clayey  Tascaloosa  group,  which  once 
covered  ir^but  which  has  there  Buffered  mach 
denudation.  The  map  of  Smith  &  Johnson 
(op.  ciL]  shows  that  those  authors  were  also 
of  this  opinion. 

The  upper  and  lower  delimitation  of  the  full 
Cretaceous  series  in  the  Gulf  Border  region  is 
closely  like  that  of  the  fnll  series  in  the  At- 
lantic Border  region,  which  has  already  been 
described.  Theupperand  lower  delimitation 
of  each  of  the  two  divisions  of  the  series  is 
also  closely  similar  in  each  of  the  two  regions. 
The  rocks  which  nnderiie  the  lowest  mem- 
ber of  the  full  Oretaceons  series  iu  the  Gulf 
Border  region,  namely,  the  Tuscaloosa  forma- 
tion, are,  so  ^  as  is  yet  known,  only  the 
Archeaa  and  Carboniferous.  Wherever  the 
contact  between  that  formation  and  these 
older  rooks  has  been  observed,  unconformity 
is  nnmistakable,  bat  in  the  case  of  the  Car- 
boniferous rocks  it  is  not  so  conspicuous  as  it 
is  in  the  case  of  the  Archean,  because  the 
former  rocks  have  not  been  so  greatly  dis- 
turbed since  their  deposition  as  have  the  lat- 
ter. The  time-hiatus,  however,  between  the 
Carboniferous  rocks  and  the  Tuscaloosa  for- 
matioD  is  very  great,  even  if  the  latter  should 
finally  be  referred  to  the  Jurassic,  because  all 
representation  of  the  Triassio  is  wanting 
there ;  and  probably  a  considerable  part  of 
the  Upper  Carboniferous  is  also  wanting. 

The  outcrop  of  the  Tuscaloosa  formation 
occupies  a  comparatively  narrow  belt  which 
is  evidently  coextensive,  with  the  line  of  gen- 
eral outcrop  of  the  Cretaceous  formations  o( 
the  whole  region,  but  as  it  is  understood  to 
be  of  littoral  or  of  estuarine  origin,  or  of 
both,  it  is  not  likely  that  it  has  great  seaward 
eztension  beneath  the  Upper  Cretaceous  and 
■g  1 1    Tertiary  deposits. 

I  '^  g'  It  may  also  be  suggested  that  the  other 
'f  1 1  Cretaceons  formations  beneath  the  surface 
■^  2  i  which  is  now  occupied  by  the  Tertiary  and 
^  later  deposits  in   this  region    may   Lave  a 
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somewhat  different  relation  to  one  another  from  those  which  appear 
along  the  belt  of  ontcrop.  No  known  facts  seem  to  point  to  a  solution 
of  this  qnestion,  but  some  information  concerning  it  may  perhaps  yet 
be  obtained  by  artesian  borings. 

The  upper  delimitation  of  the  full  Cretaceous  series  in  the  Oulf 
Border  region  is  understood  to  be  by  a  time-hiatus  between  its  upper- 
most strata  and  the  lowermost  of  the  overlying  Tertiary  rocks, 
although  the  latter  are  plainly  of  Eocene  age,  and  are  found  to  rest 
with  apparent  conformity  upon  those  Oretaceous  strata  along  the 
greater  part  of  the  whole  line  of  outcrop.  This  hiatus  is  regarded  as 
beingsimilar  in  character  to  that  which  has  been  shown  to  exist  be- 
tween the  Oretaceous  and  Tertiary  of  the  Atlantic  Border  region,  and 
the  conditions  which  are  held  toprove  its  existence  are  similar  to  those 
which  were  mentioned  in  that  case.  ]  t  may  be,  however,  that  the  hiatus 
referred  to  is  not  quite  so  great  in  the  Oulf  Border  region  as  it  is  in 
the  Atlantic  Border  region,  especially  in  the  western  part  of  the  former, 
because  it  is  thought  probable  that  the  lower  Tertiary  lignite-bearing 
beds  of  Mississippi  represent  the  upper  part  of  the  Laramie  formation. 
Still,  it  is  believed  that  the  hiatus  in  this  region,  as  well  as  that  in 
the  other,  represents  both  the  earliest  portion  of  the  Eocene  epoch  and 
the  latest  portion  of  the  closing  epoch  of  the  Oretaceous. 

Although  unconformity  between  the  marine  and  the  non-marine 
divisions  of  the  Oretaceous  in  the  Gulf  Border  region  has  rarely  if 
ever  been  observed,  it  can  hardly  be  doubted  that  there  is  really  more 
or  less  unconformity,  because  the  paleontological  characteristics  of  each 
division  indicate  so  wide  a  time-hiatus  there. 

The  great  importance  of  this  time-hiatus  will  appear  more  plainly 
when  the  formations  of  the  other  regions  are  discussed,  but  it  is  proper 
to  make  some  reference  to  its  character  in  this  connection.  The  non- 
marine  division  of  the  Oretaceous  in  this  region  is  understood  to  repre- 
sent the  Potomac  formation  of  the  Atlantic  Border  region,  and  the  ma- 
rine division  is  regarded  as  equivalent  to  the  corresponding  division  in 
the  same  region,  including  also  the  Baritan  and  Amboy  clays.  The 
uon-marine  division  is  also  regarded  as  probably  constituting  the  lower- 
most of  all  the  North  American  Oretaceous  formations,^  if  referable  to 
the  Oretaceous  at  all,  and  the  upper  division  is  understood  to  contain  no 
representation  of  any  North  American  strata  bene&th  the  horizon  of  the 
Dakota  formation.  Therefore  the  great  Oomanche  series,  which  is  so 
well  developed  in  the  Texan  and  North  Mexican  regions,  is»understood 
to  have  no  representation  between  the  lower  and  upper  divisions  of  the 
Oretaceous  series  of  either  the  Gulf  or  Atlantic  Border  regions,  although 
that  is  believed  to  be  its  taxonomic  place. 

Besides  this,  it  will  be  plainly  shown  on  following  pages  that  there  is 
a  marked  time-hiatus  between  the  uppermost  strata  of  the  Oomanche 
series  and  the  lowermost  of  the  Oretaceous  formations  which  overlie 

>  See  ft  following  pag^e  for  expreasion  of  dionbt  o^ix  iMft  -\{oVivV 
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them.  This  fact  acids  materially  to  a  proper  estimate  of  the  widtJi  of 
the  hiatus  that  has  been  shown  to  exist  between  the  marine  and  non- 
marine  divisions  of  the  Cretaceous  series  in  both  the  Gulf  Border  and 
Atlantic  Border  regions.  Furthermore,  it  is  probable  that  the  time- 
hiatus  between  these  two  divisions  is  still  wider  than  has  been  iuti- 
mated,  because  it  is  quite  reasonable  to  assume  that  there  is  still  an- 
other hiatus  betweeu  the  horias^on  of  the  base  of  the  Comanche  series 
and  that  of  the  top  of  the  Potomac  and  Tuscaloosa  formations. 

Ry  separating  the  Cretaceous  formations  of  the  Gulf  Border  region 
into  two  divisions,  in  the  manner  that  has  been  shown  on  preceding 
pages,  their  classification  not  ouly  corresponds  to  jthat  of  the  forma- 
tions in  the  Atlantic  Border  region  in  having  a  marine  and  a  nou-mariue 
division,  but  the  specific  identity  of  a  large  proportion  of  the  molluscan 
forms  which  are  found  in  the  strata  of  the  mariue  division  in  the  At- 
lantic Border  region  with  these  found  in  £he  correspondiug  division  of 
the  Gulf  Border  leaves  no  room  for  reasonable  doubt  as  to  their  actual 
equivalency,  especially  as  it  is  so  evident  that  the  strata  containing  these 
fossils  are,  or  were  originally,  continuous  from  one  region  to  the  other. 
The  identification  of  several  species  of  fossil  plants  which  have  been 
found  in  the  lower  part  of  the  Tuscaloosa  formation  in  Alabama  with 
members  of  the  Fredericksburg  flora  in  the  Potomac  formation  of  Yir- 
giuia^  may  be  accepted  as  presumptive  proof  of  tlie  equivalency  of  at 
least  a  part  of  the  non-marine  division  in  the  one  region  with  that  of  the 
corresponding  division  in  the  other,  especially  as  we  have  reason  to 
believe  that  those  deposits  are,  or  once  wore,  physically  continuous.  It 
is  the  lower  portion  of  the  non-marine  division  that  has  furnished  the 
identical  plants  in  each  of  the  cases  referred  to,  and  it  remains  to  be 
seen  whether  the  upper  portion  of  each  will  show  an  identical  or  similar 
floral  relationship. 

No  important  discoveries  of  vertebrate  fossils  have  j'et  been  made 
in  the  non-marine  division  of  the  Cretaceous  series  of  the  Gulf  Border 
region,  and  therefore  no  paleontological  comparisous  of  that  kind  can 
now  be  made.  From  the  little  positive  evidence  which  is  now  attainable*, 
and  the  general  agreement  of  negative  evidence,  it  appears  to  be  en- 
tirely probable  that  this  division  as  a  whole  is,  in  each  of  the  two 
regions,  chronologically  equivalent  to  that  of  the  other.  That  is,  it  is 
probable  that  the  non-marine  division  iu  each  of  these  regions  repre- 
sents certain  portions  of  the  time  that  elapsed  from  the  close  of  the 
latest  epoch,  of  the  Jurassic  to  the  middle  of  the  Cretaceous  period, 
inclusive ;  but  as  it  has  not  yet  been  found  practicable  satisfactorily  to 
divide  these  deposits,  the  whole  division  is  iu  each  case  referred  to  the 
Cretaceous. 

The  paleontological  equivalency  of  the  marine  division  of  the  Creta- 
ceous series  of  the  Atlantic  Border  region  to  that  of  the  Gulf  Border 


>  Seo  Ward,  Leater  F. :  Geographical  DiBtribation  of  Fosail  Plants.    Eighth  Ann.  Rep.  V.  S.  Geol. 
Surrey,  p.  870. 


xYiiiTK.1  GULF   BORDER   REGION— GENERAL   REMARKS.  Ill 

region  is  strikingly  shown  by  Mr.  Stanton's  statement  on  page  84,  and 
by  the  tabular  statements  published  by  Prof.  Whitfield  with  reference 
to  the  invertebrates  of  the  New  Jersey  marls,  which  he  has  studied  in 
connection  with  the  geological  survey  of  that  State.*  Further  study 
of  collections  of  fossils  yet  to  be  made  from  the  Upper  Cretaceous  of 
the  Atlantic  and  Gulf  Border  regious,  besides  that  of  the  collections 
now  in  the  IJ.  S.  National  Museum,  will  doubtless  show  a  still  moi*e 
intimate  faunal  relatiouship  between  the  northern  and  southern  forma- 
tions, respectively,  as  well  as  between  them  and  other  formations  in  the 
interior  portions  of  the  continent. 

It  will  doubtless  also  appear  from  futher  study  that  a  still  larger 
proportion  of  the  molluscan  species  are  common  to  the  different  recog- 
nized formations  of  the  marine  division  in  both  regions  than  is  now 
known,  thus  furnishing  additional  proot  that  no  faunal  break  has  oc- 
curred between  any  of  them.  This  faunal  relationship  seems  to  be 
especially  close  in  the  case  of  the  Botten  limestone  and  Bipley  forma- 
tions, and  the  proof  afforded  by  the  fossils  is  support^  by  the  appear- 
ance which  the  strata  present  that  sedimentation  was  continuous  from 
the  lower  to  the  higher  formation. 

These  comparisons,  together  with  other  facts  yet  to  be  noted,  place 
it  beyond  question  that  the  geographical  range  of  this  great  Upper  Cre- 
taceous marine  fauna  was  not  only  throughout  the  whole  extent  of  the 
Atlantic  and  Gulf  Border  regions,  but  that  it  extended  far  beyond  their 
limits  into  the  North  Mexican  and  Interior  regions.'  Such  facts  also,  in 
connection  with  other  evidence,  indicate  that  the  physical  conditions 
within  the  Great  Interior  area  were  very  nearly  uniform  during  the 
whole  time  represented  by  the  strata  in  which  the  remains  of  that  fauna 
are  found. 

It  will  be  observed  that  in  the  foregoing  remarks  some  of  the  subdi- 
visions of  the  marine  division  of  the  Cretaceous  series  which  geologists 
have  recognized  in  different  parts  of  the  Atlantic  and  Gulf  Border  re- 
gions have  been  to  a  great  extent  ignored.  While  these  subdivisions 
are  of  local  interest,  they  have  not  been  deemed  of  sufQcient  importance 
to  be  specially  considered  in  these  discussions,  because  it  is  general 
rather  than  special  facts  that  it  is  proposed  to  discuss  in  this  memoir. 
The  disposition  of  all  the  strata  constituting  the  marine  division  in  each 
of  those  regions  was  evidently  continuous  from  base  to  top,  and  certain 
species  are  known  to  have  sufficient  vertical  range  to  show  a  direct 
faunal  connection  with  one  another  of  all  the  subdivisions.  It  is  true 
that  Prof.  Whitfield  states  that  many  of  the  species  which  characterize 


■  Bnll.  Am.  Mas.  l^at.  Uiht.,  vol.  2,  pp.  Ua-116. 

'  If.  B»  some  ba\e  supposed,  tho  Cretacoons  deposits  at  the  extreme  northeni  end  of  the  Golf  Border 
region  wore  made  io  a  deep  orabayroent  of  marine  waters  which  received  abundant  flnviatile  waters 
from  the  region  now  drained  by  tho  Upper  Mississippi  and  Ohio  Rivers  we  ought  to  expect  to  discover 
a  Cretaceoos  estuary  fauna  there.  Tho  fact  that  no  remaius  of  such  a  fauna  have  yet  been  found  ac- 
cords with  the  suggestion  made  on  page  lOI  that  marine  Cretaceous  waters  were  then  continuous 
northward  from  the  Gnlf  Border  region  to  the  Great  Interior  ftrea. 
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the  upper  division  of  the  New  Jersey  Oretaceoas  are  coufined  in  ver- 
tical range  to  certain  subordinate  horizons,  a  majority  of  them  having 
been  found  in  the  lower  marl  bed  alone.  Some  of  the  species,  however, 
which  are  thus  restricted  in  New  Jersey  have  a  large  vertical  range  in 
Alabama  and  other  part«  of  the  G  ulf  Border  region,  and  also  in  the  Texan 
region.  For  example,  some  of  the  forms  which  are  reported  to  occur 
only  in  the  lower  marl  bed  in  New  Jersey  range  through  the  whole 
thickness  of  both  the  Botten  limestome  and  of  tfie  Bipley  formation. 
These  facts  are  again  alluded  to  here  to  emphasize  the  statement  previ- 
ously made  that  the  marine  division  in  both  the  Atlantic  and  Gulf  Bor- 
der regions  constitute  portions  of  one  and  the  same  great  paleontolog- 
ical  horizoui  which  will  be  further  traced  on  following  pages. 

There  are  certain  beds  overlying  the  typical  Bipley  strata  in  Ala- 
bama, and  also  some  equivalent  beds  iu  Arkansas,  which  deserve  to  be 
specially  mentioned  in  this  counection,  because  they  have  been  sup- 
posed to  be  of  Cretaceous  age.^  These  have  been  called  the  Enclima- 
toceras  beds  because  of  the  prevalence  in  them  of  a  species  of  that 
Nautiloid  genus.  But  an  examination  of  the  fauna  of  these  beds  has 
thus  far  failed  to  show  the  presence  of  any  unmistakable  Cretaceous 
species,  while  they  are  found  to  contain  Eocene  forms,  notably  Cardita 
planico^ta^  which  I  regard  as  characteristic  of  an  early,  but  not  neces- 
sarily the  earliest.  Eocene  horizon.  Therefore  the  uppermost  strata 
which  have  been  positively  recognized  as  of  Cretaceous  age  in  the  At- 
lantic and  Gulf  Border  regions  are  reprcKented  by  the  uppermost  beds 
of  the'  Bipley  formation  in  the  Gulf  States,  by  the  lower  portion  of  the 
upper  marl  bed  in  New  Jersey,  and  by  their  equivalents  in  other  parts 
of  those  two  regions. 

Briefly  reviewiug  the  subject  of  the  Cretaceous  deposits  of  the  Atlantic 
and  Gulf  Border  regions,  as  it  has  been  presented  uiK>n  the  preceding 
pages,  we  find  that  they  consist  of  a  series  of  beds  which  were  laid 
down  along  a  portion  of  the  coast  of  what  was  then  a  part  of  the  east- 
ern and  southern  boundary  of  the  continent;  and  that,  excepting  their 
subsequent  gentle  oscillations  and  their  final  elevation  to  a  dry  land 
condition,  they  have  not  been  materially  disturbed  by  displacement 
For  reasons  already  stated  the  whole  of  this  series  of  deposits  is  here 
referred  to  the  Cretaceous,  although  it  ia  thought  probable  that  the 
earliest  beds  of  the  non-marine  division  were  laid  down  at  or  near  the 
close  of  the  Jurassic  period.^  The  essential  unity  of  the  Cretaceous 
series  for  both  regions  has  already  been  shown. 

The  eastern  part  of  the  ancient  shore  line  along  which  these  Cretaceous 
deposits  were  formed  was  approximately  parallel  with  the  present  At- 
lantic coast.  A  part  of  its  southern  portion  coincided  somewhat  nearly 
with  the  present  Gulf  coast,  but  tlio  larger  part  of  the  southern  portion 

>  §ee  White,  0.  A.,  on  certain  Cretaceous  fosAils  from  Arkansas  and  Colorado.    Proc.  U.  S.  Nat.  Mna^ 
'<rol.  4,  pp.  136-130,  pi.  1. 
'S«e  remarks  on  a  following  page  indioating  doubt  upon  this  point. 


wnriK)  GULP   BOUDER    RKGION GENKRAf.    REMARKS.  113 

of  that  shore  line  extended  to  the  northern  limit  of  the  present  Oulf 
Border  regioo,  and  it  is  thought  probable  that  it  reached  much  farther 
northward  into  what  is  now  the  interior  portion  of  the  continent. 

The  principal  portions  of  both  of  the  divisions  of  Gretaceons  strata 
iirhich  have  been  recognized  in  these  two  regions  are  nearly  or  quite 
coextensive  within  the  extreme  limits  of  each ,  and  therefore  the  separation 
of  that  great  area  into  two  regions  is  more  a  matter  of  convenience  than 
of  natural  requirement.  The  principal  ground  upon  which  the  separa- 
tion of  the  Cretaceous  series  into  two  divisions  has  been  made  is  the 
recognition  of  a  true  marine  origin  for  the  upper  and  a  non-marine,  that 
IS  estuarine  and  littoral,  origin  for  the  lower  division. 

The  marine  division  is  referred  to  the  Upper  Cretaceous  mainly  upon 
paleontological  ground;  that  is,  it  is  so  referred  because  of  its  general 
paleontological  agreement  with  certain  portionsof  the  Upper  Cretaceous 
of  Europe,  and  because  of  its  contrast  as  a  whole  with  the  North  Amer- 
ican formations  that  are  referred  to  the  Lower  Cretaceous.  l!he  Karitaa 
and  Am  boy  clays  of  the  lower  division  are  provisionally  referred  to  the 
Upper  Cretaceous  because  of  the  agreemen't  in  large  part  of  its  plant 
remains  with  those  of  the  Dakota  formation,  which  is  regarded  as  rep- 
resenting the  basal  portion  of  the  Upper  Cretaceous  of  North  America. 

That  portion  of  the  non-marine  division  which  is  represented  by  the 
Potomac  and  Tuscaloosa  formations,  which  are  regarded  as  fully  equiv- 
alent to  each  other,  is  provisionally  referred  to  the  Lower  Cretaceous, 
not  because  of  any  satisfactory  paleontological  agreement  with  any  part 
of  the  Lower  Cretaceous  of  Europe,  but  for  the  following  more  general 
considerations. 

The  place  of  those  deposits  is  beneath  strata  that  are  regarded  as 
belonging  at  the  base  of  the  Upper  Cretaceous,  and  above  strata  that 
are  regarded  as  upper  Triassic,  while  no  fully  characterized  Jurassic 
strata  are  known  to  exist  in  all  that  part  of  the  continent. 

The  great  structural  break  which  occurs. between  the  base  of  the  non- 
marine  division  and  the  Trias,  the  latest  of  the  deposits  upon  which  it 
is  known  to  rest  in  the  Atlantic  and  Gulf  Border  regions,  has  been 
already  referred  to,  but  it  may  properly  here  be  emphasized.  Still  more 
emphasis  may  be  given  to  the  fact  that  within  the  Gulf  Border  region 
the  latest  strata  upon  which  the  non-marine  division  rests  are  of  Car- 
boniferous age. 

The  following  diagram  is  intended  to  show  the  relation  of  the  general 
section  of  the  Atlantic  to  that  of  the  Gulf  Border  region.    The  relation 
of  the  latter  section  to  the  general  section  of  the  Texan  region  will  be 
similarly  shown  on  a  following  page. 
Bull.  83 8 
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Diagram  shotHng  the  relation  of  the  Jtlantio  to  the  Gulf  Border  Cretaceona  forwutiiom. 

A  tlantic  Border  region.  Golf  Border  region. 
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THE  TEXAN  REGION. 

The  boandaries  which  have  beeii  chosen  for  this  region,  a  part  of 
which,  like  some  of  those  of  the  other  regions,  are  entirely  arbitrary, 
are  indicated  apon  the  map  opposite  page  72,  bat  a  verbal  definition 
of  them  will  show  more  clearly  their  character  and  relations.  The 
eastern  and  southern  boundaries  consist  of  the  Mississippi  Biver  and 
the  coast  of  the  Gulf  of  Mexico.  The  former  haying  been  chosen  as 
the  western  boundary  of  the  Gulf  Border  region,  is  necessarily  the 
eastern  boundary  of  the  Texan  region.  Beginning  at  a  point  on  the 
west  bskuk  of  the  Mississippi  River  opposite  the  extreme  northern  limit 
of  the  Gulf  Bortler  region,  the  inland  boundary  ot  the  Texan  region 
extends  along  the  gulfwaid  border  of  the  southern  extremity  of  the 
great  Paleozoic;  area  to  and  around  the  southern  extremity  of  the  same, 
and  thence  northward  along  its  western  border  to  the  point  where  the 
one  hundred  and  first  meridian  crosses  Bed  Biver.  Thence  the  chosen 
boundary  is  made  to  extend  by  a  straight  line  to  the  point  where  the 
thirty-third  parallel  of  north  latitude  crosses  Pecos  Biver.  The  wes^ 
em  boundary  is  formed  by  Pecos  River  from  its  mouth  to  the  point  just 
mentioned,  and  by  the  Bio  Grande  from  the  mouth  of  the  Pecos  to  the 
Gulf  of  Mexico. 

This  region,  therefore,  embraces  portions  of  the  States  of  Missouri, 
Arkansas,  and  Louisiana,  a  part  of  Indian  Territory,  and 'much  the 
greater  part  of  Texas.  It  possesses  topographical  features  that  in 
many  respects  are  much  like  those  of  the  Gulf  Border  region,  but  it 
presents  material  differences  in  its  geological  features.  It  is  within  its 
boundaries  that  the  relations  between  the  Cretaceous  formations  of  the 
eastern  and  central  portions  of  the  continent  are  to  be  favorably 
observed,  and  where  important  Cretaceous  deposits  are  found  that  are 
not  known  in  either  the  eastern  or  more  northern  parts  of  the  continent. 

>  A  time-biatuB  ezista  at  each  of  the  planes  reprf^aeoted  by  these  horizontal  lines,  bat  unconformity 
is  not  readily  detected  by  the  eye  except  ut  the  lower  one. 
'Tbo  marire  Upper  C^taceoaa  rocks  of  Idattba'a^Vne^Kt^  -Sx^XmK^S  \k^<wi«,%\%ViQRvt  t^hiahoiiaoin. 
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The  southward  pro.oiigatiou  iuto  Texas  of  the  great  interior  Paleozoic 
area  nearly  divides  tl^s  region  into  two  portions,  an  eastern  and  a  west- 
ern, the  Oretaceoos  formations  of  each  portion  having  certain  charac- 
teristics which  make  it  desirable  to  discuss  them  separately  for  each 
part  of  the  region.  The  eastern  portion  is  mainly  a  continuation  of 
the  great  coastal  plain,  other  portions  of  which  constitute  both  the 
Atlantic  and  Gulf  Border  regions  and  a  part  of  the  North  Mexican 
region,  but  that  plain  here  gradually  merges  into  the  higher  lands  of  the 
great  plains  of  the  interior  portion  of  the  continent. 

The  inland  boundary  of  the  eastern  part  of  the  Texaii  region  corre- 
sponds to  the  line  of  surface  junction  between  the  Paleozoic  and  Meso- 
zoic  rocks.    All  the  area  which  is  occupied  by  the  former  rocks  is  there- 

*  fore  excluded  from  this  region,  although  it  makes  so  large  and  deep 
an  indentation  in  its  northern  boundary.  The  junction  between  those 
older  and  later  rocks  does  not  produce  so  conspicuous  a  surface  feature 
upon  the  inland  margin  of  the  region  as  it  does  in  the  case  of  both  the 
Atlantic  and  Gulf  Border  regions.  Indeed,  the  contrast  between  the 
snrface  features  on  each  side  of  that  boundary  line  which  is  produced 
by  a  difference  in  the  character  of  the  underlying  formations  is  not  gen- 
erally any  greater  than  it  is  on  either  side  of  certain  lines  of  outcrop  of 
the  formations  within  the  limits  of  the  region. . 

The  surface  of  the  western  portion  of  the  Texan  region  is  more  diver- 
sified than  that  of  the  eastern  portion.  It,  however,  contains  only  a 
few  mountainous  elevations,  diversification  being  mainly  due  to  corra- 
sion  of  the  river  valleys,  to  hills  of  circumdenudation,  and  to  the  un- 
equal erosion  of  the  outcropping  formations  which  vary  in  their  resist- 
ance to  erosive  action.  The  general  elevation  above  the  sea  of  much 
the  greater  part  of  the  surface  of  the  region  is  comparatively  slight, 
and  that  along  the  inland  boundary  seldom  reaches  1,000  feet,  even  at 
points  which  are  fully  400  miles  from  the  Gulf  coast. 

As  the  Paleozoic  formations  are  excluded  from  this  region  by  the 
boundary  lines  that  have  just  been  indicated,  and  those  of  the  earlier 
Mesozoic  are  assumed  to  be  absent,  the  only  formations  which  are  rec- 
ognized within  its  limits  are  referred  to  the  Cretaceous,  Tertiary, 
and  iK)st-Tertiary  respectively.  Those  of  Tertiary  and  post-Tertiary 
age  are  mostly  uncompacted  rocks,  as  are  also  a  part  of  those  of  Creta- 
ceous age,  but  a  considerable  part  of  the  Cretaceous  strata  consist  of 

*  more  or  less  compact  limestones  and  sandstones.  Within  a  large  part 
of  the  region  all  these  formations  are  either  strictly  conformable  with 
one  another,  or  they  are  so  nearly  conformable  tliat  to  the  eye  they 
have  the  appearance  of  being  so.  There  is,  however,  true  unconformity 
between  the  Upper  and  Lower  Cretaceous,  which  is  in  some  places 
strongly  marked,  as  will  be  shown  on  following  pages. 

The  general  dip  of  the  Cretaceous  formations  east  of  the  Paleozoic 
area  is  toward  the  present  outline  of  the  Gulf  coast,  or  in  part  toward 
that  of  its  Tertiary  embayment,  now  traversed  by  tlve^  "^\s»\^«v\r^ 
Biver;  while  tboae  west  of  that  arealiave  a  geivtle^  ^^xi'^TA^^^^^i^^a:^ 
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dip.  No  true  orogenic  aplifts  appear  to  have  taken  place  within  the 
limits  of  this  region  since  the  deposition  of  the  earliest  of  its  Gretaoeoas 
strata,  except  perhaps  near  its  western  border,  although  many  snch 
uplifts  occurred  in  the  adjacent  parts  of  the  North  Mexican  region. 
Consequently  the  principal  displacements  which  they  have  suffered, 
while  they  are  more  varied  than  those  of  the  Atlantic  and  Gulf  Border 
regions,  were  mostly  connected  with  their  epeirogenic  elevation  to  their 
present  nio<lerate  height  above  sea  level,  and  with  sundry  minor  eleva- 
tions and  oscillatious  which  occurred  from  time  to  time  daring  the 
period  which  was  occupied  in  their  deposition. 

The  structural  geology  of  the  Texan  region,  as  regards  its  Creta- 
ceous formations,  is  somewhat  more  complex  than  that  of  the  Atlantic 
and  Gulf  Border  regions,  but  it  is  less  complex  than  might  be  supposed 
from  the  different  and  conflicting  accounts  that  have  been  published 
concerning  it.  In  former  years  there  were  many  difficulties  in  the  way 
of  arriving  at  a  correct  knowledge  of  the  Texan  formations  and  of  their 
relation  to  one  another,  and  it  is  only  within  the  last  few  years  that 
this  knowledge  has  been  obtained,  and  that  the  correlation  of  the  Texan 
Cretaceous  with  the  formations  of  that  age  in  the  other  parts  of  the 
continent  has  been  demonstrated. 

Not  only  have  the  relations  of  these  formations  been  misunderstood, 
but  their  nomenclature  has  been  greatly  confused ;  that  is,  different 
writers  have  applied  different  names  to  the  same  formations,  and  others 
have  subdivided  certain  of  the  formations,  giving  separate  coordinate 
names  to  the  subordinate  divisions.  This  confusion  has  been  increased 
by  mistaking  in  some  instances  their  true  order  of  superposition. 

The  names  of  the  Texan  Cretaceous  formations  that  are  used  in  this 
memoir  are  not  all  unobjectionable,  but  they  are  retained,  because  to 
change  them  would  doubtless  increase  rather  than  lessen  the  confusion 
that  has  heretofore  arisen  concerning  their  classification  and  taxonomic 
order.  The  following  list  contains  the  names  of  all  the  formations  that 
have  been  recognized  within  the  limits  of  the  Texan  region  and  referred 
in  this  memoir  to  the  Cretaceous,  beginning  with  the  latest.^ 

Idst  of  the  Cretaceous  formatioHs  of  Texas. 


1.  Laramie  formation. 

2.  Ripley  formation  and  Eagl<3  Pass  beds. 

3.  Austin     formation     and    ^^  Ponderosa 

marls." 


4.  Eagle  Ford  formation. 

5.  Timber  Creek  formation.' 

6.  Comanche  series.' 

7.  Trinity  formation. 


>  Prof.  Jules  Mart'ou  was  tho  first  to  publish  the  true  tazonomie  order  of  the  Gretaoeoas  formations 
of  Texas,  bis  section  beini;  essentially  the  same  as  thi^  afterward  published  by  myself  and  by  Mr. 
Hill.    SeeBost.  Soc.  Nat.  Hist.,  Proo.,  yoL8,  pp.  8G-98. 

'This  name  is  not  to  be  confoande<l  with  that  of  Timber  Creek  in  New  Jersey,  a  well  known  local- 
ity of  Cret.iccous  fossils.    The  Texan  strata  belong  to  a  lower  stage  of  the  Upper  Cretaceous. 

*Tho  term  Comanche  Peak  gronp  was  proposed  by  Dr.  B.  F.  Shumard  in  1860  (Trans.  A.oad.Soi., 

St  Louis,  vol.  1,  p.  581),  and  the  same  term  for  at  least  a  part  of  the  same  strata  was  used  by  FtoL 

Marcou  in  1861  (Proc.  Bost.  Soc.  Nat  Hint.,  voL  8,  pp.  86-97).    In  both  these  cases,  however,  the  strata 

nfemd  to  comprise  leaa  than  the  fall  vertxcaV  r%i\^o  oC  the  strata  which  in  this  memoir  are  designated 

MB  theConukikihe  series. 


wHin. J  THE   TEXAN   REGION.  117 

Although  the  order  of  superposition  of  the  formations  shown  in  the 
foregoing  list  has  been  clearly  ascertained  in  this  region,  in  no  part  of 
it  have  all  of  them  been  found  in  juxtaposition.  Moreover,  the  section 
of  the  formations  in  the  western  part  of  the  region  differs  considerably 
from  that  of  the  eastern  part,  which  differences  are  mainly  shown  by 
the  introduction  there  of  the  Laramie  formation  and  by  tbe  coal  bear- 
ing and  other  characteristics  of  the  Eagle  Pass  beds,  as  compared  with 
the  Ripley  Group.  Hitherto  to  these  two  western  formations  have  not 
been  so  well  known  in  this  region  as  have  tbe  others  whose  names  are 
given  in  tlie  foregoing  list,  and  which  generally  have  be^n  regarded  as 
constituting  the  Texan  section.  Mention  is  therefore  made  of  them  in 
the  two  following  paragraphs,  but  they  will  be  again  considered  in  con- 
nection with  the  other  formations  of  the  list 

The  Laramie  has  been  referred  to  in  the  discussion  of  the  formations 
of  both  the  Atlantic  and  tbe  Gulf  Border  regions,  not  as  being  present 
there,  but  as  probably  representing  in  time  the  hiatus  between  tbe  up- 
permost Cretaceous  beds  and  the  overlying  Eocene  that  was  shown  to 
exist  in  those  regions.  Tbe  uppermost  Cretaceous  beds  there  are  re- 
garded as  not  representing  the  closing  portion  of  Cretaceous  time  in 
North  America,  and  for  this  and  other  reasons  the  Laramie  formation 
is  treated  in  this  memoir  as  of  Cretaceous  age.^ 

The  Laramie  formation  *  prevails  over  a  large  i)art  of  tbe  Great  Interior 
area,  but  within  the  Texan  region  it  has  been  recognized  only  in  western 
Texas,  and  it  has  hitherto  been  observed  there  only  in  the  valley  of  the 
Bio  Grande  and  in  that  of  the  Nueces  Biver,  but  there  seems  to  be  little 
room  for  doubt  that  the  Liguitic  beds  of  eastern  Texas,  as  well  as  those 
of  the  State  of  Mississippi,  which  are  usually  regarded  as  of  early 
Eocene  age,  are  really  equivalent  to  the  upper  part  of  the  Laramie. 

The  Eagle  Pass  beds,^  upon  which  the  Laramie  formation  rests  in' 
the  valley  of  the  Eio  Grande, and  with  which  it  is  strictly  conformable, 
is  regarded  as  equivalent  to  the  Ripley  formation  of  eastern  Texas,  and 
also  to  the  Fox  Hills  strata  of  the  Great  Interior  area,  as  will  presently 
be  shown. 

The  following  section.  Fig.  6,  is  in  part  the  result  of  personal  observa- 
tions made  by  the  writer,  but  in  part  it  has  been  compiled  from  data 
furnished  by  Mr.  W.  F.  Cummins  and  from  publications  of  Mr.  E.  T. 
Hill.  It  is  believed  to  represent  correctly  in  a  general  way  the  forma- 
tions of  the  eastern  part  of  the  Texan  region,  but  it  does  not  include 
by  name  the  two  members  which  have  just  been  referred  to  as  occur- 
ring in  western  Texas.  ^    The  line  upon  which  it  has  been  traced  extends 

'Seo  White,  C.  A.,  On  the  relation  of  the  Laramie  Group  to  earlier  and  later  formatioDS.  Am. 
Joor.  Sci.,  1888,  vol.  35,  pp.  432-438. 

'Thecharaoteristioa  and  relations  of  this  formation  will  be  discussed  on  following  pages. 

'  These  beds  must  not  be  oonfoonded  with  tbe  Eagle  Ford  formation,  which  belongs  to  a  lower  stage 
of  tbe  Upper  Cretaceous.  The  similarity  of  the  latter  name  with  the  former  is  unfortunate,  but  it  is 
thought  best  not  to  change  either  of  them  at  the  present  time. 

*  It  ahould  be  borne  in  mind  that  very  Utile  has  yet  been  published  in  the  way  of  mapping  and 
measuring  the  Cretaceous  formations  of  the  Texan  region.  It  is  therefore  to  be  expected  thuJL  v;\^«v^ 
•uoh  maps  of  the  region  are  pnbUahed  oomd  modification  of  the  Mconut  Yi«c«  tE^N«u  <il  NXmmx  ^>^>^ 
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from  the  western  part  of  Parker  Count^^  to  the  eastern  part  of  l^avarro 
County,  its  direction  being  approximately  northwest  and  southeast 
This  line  also  approximately  corresponds  to  that  of  the  general  dip  of 
the  Cretaceous  formations  which  lie  upon  the  eastern  side  of  that  por- 
tion of  the  Oreat  Interior  Paleozoic  area  which  extends  southward  into 
the  Texan  region. 


Fig  8.->Section  from  Parker  County  to  NaTarro  County,  Texas.  1,  Li^niitic  Beds  (Tertiary) ;  2 
Ripley  formation;  3,  Austin  formation  and  "Ponderosa  marls":  i,  Eagle  Ford  formation;  5,  Timber 
Creek  formation ;  6,  Comanche  series:  7,  Trinity  formation;  8^  Carboniferous. 

• 

In  this  figure  all  the  formations  from  No.  1  to  No.  7  inclusive  are 
represented  as  being  strongly  unconformable  with  the  carboniferous; 
but  I  am  not  certain  th<at  the  latter  strata  do  not  dip  abruptly  east- 
ward where  the^^  come  in  contact  with  the  Cretaceous  formations,  in- 
stead of  being  truncated  by  erosion  there  as  they  are  represented  in 
this  figure. 

All  the  formations  in  the  district  traversed  by  this  section  which  are 
of  later  age  than  the  Carboniferous  have  the  appearance  of  being  con- 
formable with  one  another.  In  a  majority  of  cases  this  apparent  con- 
formity is  unquestionably  real,  but  it  is  now  well  known  that  there  is 
at  some  places  conspicuous  unconformity  between  No.  5  and  No.  6 — that 
is,  between  the  Timber  Creek  formation  and  the  Comanche  series,  and 
it  is  clear  from  paleoutological  evidence  that  there  is  also  an  important 
time-hiatus  between  them.  There  is  probably  also  unconformity  be- 
tween No.  6  and  No.  7 — that  is  between  the  Comanche  series  and  the 
Trinity  formation  especially  as  it  is  regarded  as  certain  that  there  is  a 
time-hiatus  between  these  two  formations. 

For  our  x>resent  purpose  the  foregoing  section  may  be  taken  as  rep- 
resenting the  Cretaceous  formations  of  the  whole  eastern  portion  of  the 
Texan  region,  the  greater  part  of  which  is  also  recognizable  in  the  west- 
ern portion.  For  general  description,  its  members  will  be  taken  up 
serially,  beginning  with  the  lowest,  namely,  the  Trinity  formation. 

This  group  was  originally  designated  as  the  Dinosaur  sands  by  both 
Mr.  E.  T.  Hill  ^  and  myself,*  but  Mr.  Hill  afterward  changed  the  name 
to  Trinity  division,'  which  latter  name  I  have  adopted  in  this  memoir 
as  being  more  satisfactory  than  the  former.  The  deposit  in  question  is 
provisionally  placed  with  the  Lower  Cretaceous  formations,  and  assigned 
to  the  horizon  of  the  Potomac  and  Tuscaloosa  formations,  although  little 
other  than  stratigraphical  evidence  has  yet  been  obtained  as  to  its  tax- 
ouomic  position  in  the  general  geological  scale. 


'Am.  Jour.  .Sci.,  1887,  vol.  33,  pp.  291-303,  »Q«A.S\irveY  Texaa,  Ball.  No.  4,  p.  XlV. 

'Proo.  Ac&d.  Hat.  Soi.  Phila..  1887,  p.  40. 
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The  Trinity  formation  was  first  studied  in  Texas,  where  it  was  foand 
to  consist  mainly  of  coarse  siliceoas  sand,  usually  only  slightly  com- 
pacted. Its  average  thickness  east  of  the  Texan  Paleozoic  area  was 
estimated  at  about  100  feet,  aud  at  somewhat  less  than  that  thickness 
west  of  the  Paleozoic  area.  Mr.  Hill  reports  it  to  reach  a  thickness  of 
400  feet  in  Arkansas  and  to  differ  materially  in  lithological  character 
from  that  which  it  exhibits  in  Texas.*  He  says  that  it  there  consists 
of— 

a  series  of  calcarooiiB,  gypsiferouH,  argillaceous  sands,  alternating  with  nnnierous  thin 
strata  of  firm  yellow  crystalline  bands  of  limestone,  which  vary  fi'om  1  inch  to  1  foot 
in  thickness. 

The  whole  of  the  Trinity  formation,  like  the  Potomac  and  Tuscaloosa 
formations,  seems  to  have  been  of  littoral,  or  at  least  not  of  open  sea 
origin.  This  is  indicated  by  lithological  and  also  by  paleontological 
characteristics,  so  far  as  the  latter  are  known. 

When  this  formation  was  first  studied  in  Texas  the  only  fossils  it  was 
known  to  contain  were  some  imperfect  dinosaurian  remains,  but  Mr. 
Hill  has  since  reported  the  discovery  in  Arkansas  of  a  considerable 
number  of  molluscan  fossils,  some  of  which  species  he  also  reports  to 
have  been  found  in  the  same  formation  in  Texas.^ 

The  outlines  of  the  surface  area  which  is  occupied  by  the  Trinity 
formation  are  not  yet  well  known,  or  not  yet  published,  but  it  is  known 
that  the  aggregate  area  of  ail  its  outcrops  is  comparatively  small. 
These  outcrops  consist  of  a  somewhat  irregular  narrow  belt  along  the 
eastern,  and  another  along  the  western,  border  of  the  Texan  Paleozoic 
area,  which  it  probably  friuges,  thinning  out  at  no  great  distance  from 
that  area.  The  eastern  belt  is  coextensive  with  the  forest-covered  belt 
of  country  in  Texas  which  is  known  as  the  Upper  Gross  Timbers,  but 
it  seems  to  reach  its  maximum  width,  as  well  as  its  greatest  thickness 
of  strata,  in  Arkansas;  and  the  whole  formation  seems  to  be  only 
slightly  developed  around  the  southern  end  of  the  Paleozoic  area.  The 
belt  of  outcrop  upon  the  western  side  of  the  Paleozoic  area  is  narrow 
and  more  or  less  irregular,  but  its  outlines  aud  full  extent  have  not  yet 
been  made  known. 

For  certain  reasons  the  Comanche  series,  the  whole  of  which  is 
plainly  of  marine  origin,  possesses  peculiar  interest.  It  apparently 
stands  alone  in  representing  a  great  division  of  the  Lower  Cretaceous 
of  North  America.  It  is  not  only  seE>arated  by  a  time-hiatus  from  the 
earliest  formation  which  overlies  it  as  well  as  from  the  latest  one  which 
underlies  it,  but  the  characteristics  of  its  fossil  fauna  are  such  as  to 
^ve  no  indication  of  its  relation  to  any  other  Lower  Cretaceous  for- 
mation upou  this  coutiueut.  Besides  this,  none  of  the  epeirogenic  or 
orogenic  move  nents  which  are  known  to  have  occurred  on  the  continent 


*  Aon.  Rep.  Geol.  Siirv.  Ark.  for  1888,  vol.  2.  pp.  116-123.    Later,  Mr.  Hill  indicates  that  this  forma- 
tion in  Arkansas  reaches  a  thickness  of  800  foot.    Bull.  No.  4,  Geol.  Stirr.  Tex.,  p.  IZ. 

*  Ann.  Rep.  GeoL  Sarv.  Ark.  for  1888,  voL  2,  pp.  127-152,  plates  1-7. 
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give  any  satisfactory  suggestiou  ari  to  its  coDtemporaneity  with  any 
other  formation.  The  character  of  its  fossil  invertebrate  faana  is  iu 
large  part  similar  to  that  of  the  Upper,  and  iu  part  to  that  of  the  Lower, 
Cretaceous  of  Europe,  but  because  its  known  taxonomic  position  is 
much  below  the  horizon  of  the  Dakota  formation  it  is  placed  with  the 
North  American  Lower  Cretaceous.  Among  the  characteristics  of  its 
fauna,  which  to  a  European  geologist  would  doubtless  suggest  its 
Upper  Cretaceous  age,  is  the  prevalence  of  the  JKudistse  and  of  the 
aberreut  forms  of  the  Chamidue.  In  the  North  American  Upper  Creta- 
ceous such  forms  are  very  rare.  Indeed,  with  the  exception  of  the 
Radiolites  austlnemis  Roem.,  iu  the  Austin  formation  and  its  equiva- 
lents, of  the  Caprotina  bicornis  of  Meek,  reported  to  have  come  from 
a  similar  horizon,  and  of  Coralliochaina  orcutti  White,  in  the  Wallala 
formation  of  the  Pacific  coast,  I  do  not  now  know  of  the  existence  of 
any  of  the  forms  referred  to  in  any  North  American  Cretaceous  forma- 
tion except  in  the  Comanche  series.^ 

In  the  Texan  region  the  Comanche  series  consists  of  limestones,  cal- 
careous shales,  and  earthy  Ciilcareous  material  with  stony  concretions, 
but  we  shall  see  that  the  whole  series  changes  materially  in  lithological 
character  in  its  westward  extension,  mainly  by  the  greater  consolida- 
tion of  its  strata. 

The  Comanche  series  in  the  Texan  region  is  well  defined  both  above 
and  beneath  by  its  contact  with  the  sandy  Timber  Creek  formation  which 
overlies  it,  and  with  the  equally  sandy  Trinity  formation  which  under- 
lies it.  In  Texas  it  has  been  much  subdivided  by  the  different  geologists 
who  have  studied  it.  This  is  perhaps  well  for  purposes  of  local  or  mi- 
nute investigation,  but  for  the  present  purpose  it  seems  only  necessary 
to  treat  these  strata  as  constituting  one  large  formation,  or  as  a  series 
of  strata  capable  of  local  subdivision  into  subordinate -groups. 

No  equivalent  of  the  Comanche  series  has  yet  been  recognized  among; 
the  formations  which  occur  eastward  from  Texas,  and  it  probably  thins 
out  in  that  direction  beneath  the  later  formations  before  reaching  the 
Mississippi  Hiver.  Moreover,  much  the  greater  part  of  the  area  which  it 
occupies  in  the  Texan  region  lies  within  tlie  boundaries  of  that  State. 
By  means  of  certain  of  its  ch<iracteristic  fossils,  which  are  often  abun- 
dant, portions  of  the  series  have  been  recognized  in  southwestern  Ar- 
kansas, in  southern  Indian  Territory,  and  in  both  eastern  and  western 
Texas.  A  few  of  its  characteristic  fossils  also  are  reported  to  have  been 
found  in  southern  Kansas,  which  probably  come  from  outliers  of  its 
strata  there. 

Mr.  Hill  reports  the  full  series  to  reach  2,400  feet  in  thickness  in  Texas, 
but  in  much  the  larger  part  of  the  area  which  it  occupies  in  that  State 
its  thickness  is  much  less.  We  shall  see  that  the  series  reachas  its 
greatest  known  thickness  in  the  North  Mexican  region,'and  that  it 
everywhere,  so  far  as  has  been  observed,  rests  nuconformably  upon  the 


'  FragineuU  of  a  Jiadiolites,  wbicli  are  ])erbap8  ruferaUle  to  JL  aitstinenns,  have  been  found  in  the 
Wpley  atratA  of  Missisoippi  and  Texas. 
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underlying  rocks,  even  apou  those  of  the  Trinity  formation  where  the 
unconformity  is  doubtless  real,  although  not  clearly  discernible  by  the 
eye. 

The  boundaries  of  the  area  which  the  Comanche  series  occupies  in 
the  Texau  region  have  not  yet  been  accurately  determined,  but  in  Texas 
it  is  known  to  constitute  an  irregular  belt  of  country  extending  from 
Cook  County  on  the  north  to  Bexar  County  on  the  south,  the  northern 
part  of  which  belt  is  bounded  upon  its  western  and  eastern  sides  by 
the  narrow  belts  of  forest-covered  laud  known  as  the  Upper  aud  Lower 
Cross  Timbers,  respectively,  the  Upper  Cross  Timber  belt  beiugoccupied 
by  the  Trinity  Formation  and  the  Lower  Cross  Timber  belt  by  the  Tim- 
ber Creek  Formation.  From  Bexar  County  northward  to  the  northwest 
boundary  ot  the  Texan  region  the  Comanche  strata  outcrop  aloug  the 
western  side  of  the  Paleozoic  area,  and  numerous  outliers  of  them  are 
found  restiitg  upou  Carboniferous  and  Permian  strata,  the  Trinity  ap- 
parently being  absent  in  many  cases  in  the  western  portion  of  that 
area  and  entirely  absent  in  the  western  i)art  of  the  Texan  region.  In 
Arkansas  ^  a  very  small  area  is  occupied  by  the  outcrop  of  this  series, 
and  there  are  probably  only  small  areas  in  Indian  Territory  that  are 
occupied  by  such  outcrops. 

The  Timber  Creek  formation,'  which  comprises  the  lowest  strata  of 
the  Upper  Cretaceous  of  Texas,  consists  of  coarse  ferruginous  sand- 
stones, a  few  layers  of  impure  limestone,  and  occasional  sandy  and 
clayey  layers.  Its  estimated  thickness  is  about  250  feet.  It  has  not  yet 
been  recognized  as  a  separate  formation  elsewhere  than  in  this  region, 
nor  within  it  north  of  Bed  liiver  or  south  of  Brazos  River.  It,  or  its 
equivalent,  doubtless  exists  west  of  the  Paleozoic  area  in  this  region, 
but  it  has  not  yet  been  recognized  there  as  a  separate  formation.  All 
of  its  present  known  outcrops  lie  between  those  two  rivers  of  Texas 
which  have  just  been  named  and  aloug  the  eastern  border  of  the  area 
which  is  occupied  by  the  Comanche  series.  The  area  of  its  outcrop  is 
nearly  identical  with  that  of  the  Lower  Cross  Timbers  in  Texas,  which 
is  the  eastern  one  of  the  two  conspicuous  north  aud  south  belts  of  forest- 
covered  laud  in  the  central  part  of  that  State,  both  of  which  have  been 
erroneously  represented  as  occupied  by  Quaternary  deposits.^ 

The  molluscan  fossils  of  the  Timber  Creek  formation  are  of  marine 
origin,  all  of  which  are  of  different  species  from  those  which  are  found  in 
the  Comanche  series  or  in  any  other  horizon  beneath  that  of  its  own 
strata.^    A  few  of  the  species,  however,  pass  up  into  the  next  overlying 

'See  map  accorapanyiuj;  Ann.  Rep.  QeoL  Sarv.  A.rk.  for  138H,  vnl.  2. 

'Mr.  Hill  has  lately  deiiignated  this  formation  tux  the  Luivi;r  Cto»h  Timber  Sands.    Bull  No.  4,  GeoL 
Snrv.  Texas,  p.  ix.  and  Anu.  Rop.  GeoL  Surv.  Ark.  for  18S8,  vol.  2,  p.  72. 

*SeeMc6«e's  map  accompanying  Fifth  Ann.  Rep.  n.S.Gool.Surv.  and  Hitchcock's  map.  compiled 
for  Am.  Inst.  MiuiuK  Engineers. 

*  Both  Professor  Neiirberry  and  myself  have  publisheil  a  Oryphcea  from  strata  referable  to  the  (Colo- 
rado formation  which  we  identified  with  the  G.piteheri  of  the  Comauche  gruiip.  See  Macomb*!*  Re- 
port, pp.  87  and  99,  and  Expl.  Sc  Surv.  Went  of  100th  Merid.  p.  117,  pi.  17,  tigs.  I,  a,  b,  c,  d,  e,  aud  f.  I  am 
now  confident  that  the  Qryphcea  in  q  eRlinn  is  a  difTorent  bat  closely  similar  HpvcioM,  or  at  least  that 
in  the  absence  of  other  proof  it  ought  not  to  be  regarded  as  indicatinj]^  &  twiuvi  x^^xKicyDL^v^^'l.  >^^ 
Comanche  with  the  overlying  formatioDB. 
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formation  in  the  eastern  part  of  the  region,  and  in  the  western  part  of 
the  same  the  eqnivalents  of  both  those  formations  and  of  their  faonas 
seem  to  blend  together. 

Some  of  the  moUascan  species  which  characterize  the  Timber  Oreek 
formation  are  identical  with  some  of  the  marine  species  which  have  been 
found  in  the  Dakota  formation  in  Kansas,  which  have  been  published 
by  Mr.  Meek^  and  myself.*  This,  together  with  other  facts  yet  to  be 
mentioned,  indicates  that  the  Dakota,  which  is  a  non-marine  formation 
occupying  a  large  part  of  the  Great  Interior  area,  and  which  is  distinct 
from  all  the  overlying  and  underlying  formations  there,  merges  into  the 
marine  strata  in  it^  southward  extension,  which  constitute  the  Timber 
Greek  formation  and  its  equivalents.  It  is  also  an  interesting  fact  in 
this  connection  that  these  marine  strata  are  paleontologically  connected 
with  the  overlying  formations,  as  has  already  been  intimated. 

The  Timber  Creek  formation  is  probably  equivalent,  at  least  in  part, 
to  the  Tombigbee  sands  of  the  Alabama  section,  but  no  direct  paleouto- 
logical  proof  of  it  has  yet  been  observed.  It  is,  perhaps,  also  equivalent 
in  part  to  the  Baritan  and  Amboy  clays,  such  equivalency  being  sug- 
gested by  the  identity  of  cei^tain  species  of  fossil  plants  which  are  found 
in  those  clays  with  some  which  are  found  in  the  Dakota  formation  and 
the  strati  graphical  relations  of  the  two  formations  are  also  similar  in 
their  respective  regions. 

The  Eagle  Ford  formation  of  the  Texan  region  consists  mainly  of 
bluish  clayey'  and  yellowish  sandy  shales,  with  occasional  layers  of  im- 
pure hmestone  and  also  occasional  layers  of  sandstone,  the  whole  reach- 
ing an  estimated  thickness  of  about  300  feet.  It  is  only  upon  the  east- 
ern side  of  that  portion  of  the  great  Paleozoic  area  which  extends  south- 
ward into  the  Texan  region  that  this  group  of  strata  has  been  recog- 
nized as  a  distinct  formation,  but  strata  equivalent  to  it  evidently  exist 
in  the  CTpper  Cretaceous  series  upon  the  western  side  of  that  area.    , 

Paleontologically  this  formation  appears  to  be  intimately  related  to 
the  overlying  Austin  formation  and  its  relation  to  the  underlying  Tim- 
ber Creek  formation  has  already  been  mentioned.  Indeed,  it  appears 
to  be  a«  intimately  related  to  the  Austin  formation  as  are  the  Fort 
Benton  shales  of  the  Upper  Missouri  section  to  the  Niobrara  beds  of 
that  section.  It  is  regarded  as  at  least  approximately  equivalent  to  the 
Fort  Beiiton  shales  just  mentioned  and  as  probably  equivalent  to  the 
lower  part  of  the  Rotten  limestone  formation  of  the  Gulf  States  and  to 
the  Clay  Marl  of  the  New  Jersey  section.  In  fact  this  formation  is  also 
understood  to  have  representative  strata  in  numerous  districts  from 
the  North  Mexican  region  to  the  North  Interior  region  inclusive. 

The  Eagle  Ford  formation,  as  it  has  been  defined  for  the  Texan  re- 
gion, outcrops  only  along  a  comparatively  narrow  belt  lying  mainly  in 

'  See  flgares  od  plate  2,  Rep.  U.  S.  GeoL  Sarv.  Terr.,  vol  9,  and  references  to  those  assigned  to  the  Pa- 
kota  foroiation. 
•See  Proc  U.  &  Nat  Mas.,  voL  2,  pp.  292-208,  plates  1-&. 
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Grayson,  Denton^'Dallas,  Ellis,  and  Hills  Counties,  Texas.  Sojathward 
from  Hills  Coanty  it  seeuis  to  disap()ear  or  to  blend  with  the  Austin 
formation,  because  in  Bexar  and  adjacent  counties  strata  that  seem  to 
represent  the  latter  formation  rest  directly  upon  the  Comanche  series, 
the  Timber  Creek  formation  also  bein^;  absent  there.  There  are  prob- 
ably some  outcrops  of  the  shales  of  this  formation  in  the  southern  part 
of  Indian  Territory,  but  Mr.  Hill  reports  ^  that  they  do  not  outcrop  in 
Arkansas. 

The  Austin  formation,  which  is  one  of  the  more  important  of  the 
Upper  Cretaceous  formations  of  the  Texan  repfion,  was  first  ndmed  the 
Austin  limestone  by  Dr.  B.  F.  Shumard,^  characteristic  exposures  of 
its  strata  being  common  in  the  neighborhood  of  the  city  of  Austin.  It 
has  long  been  known  by  that  name,  but  Mr.  Hill  has  lately  given  it  the 
name  of  Austin  and  Dallas  chalk.^  It  has  been  recognized  by  it«  char- 
acteristic fossils  in  southwesternArkansas,  southern  Indian  Territory, 
and  along  a  belt  of  country  in  Texas  which  extends  from  Lamar  County 
on  the  north  to  Bexar  County  on  the  south.  Westward  from  Bexar 
County  to  the  Bio  Grande  its  fossils  have  been  recognized  at  several 
points,  but  no  reports  of  any  considerable  exposures  of  the  formation 
therehave  been  published.  It  is  one  of  the  more  conspicuous  of  the 
Cretacous  formations  in  Texas  because  it  is  composed  largely  of  a  light- 
gray  limestone  which  is  frequently  exposed  in  escarpments  and  also 
because  of  its  often  abundant  characteristic  fossils. 

From  Texas  northward  nearly  to  British  America  the  equivalents  of 
this  formation  constitute  a  somewhat  definite  stratigraphical  sub- 
horizon,  which  is  largely  calcareous  in  the  southern  and  middle  por- 
tions and  largely  argillaceous  in  the  northern.  The  strata  beneath 
the  calcareous  portion  of  this  subhorizon  are  usually  more  or  less  clayey, 
and  those  immediately  above  it  in  the  south  are  often  clayey,  but  in  the 
north  more  often  arenaceous.  These  facts  will  be  again  referred  to  in 
connection  with  the  discussion  of  the  two  interior  regions. 

Where  the  upper  layers  of  the  Austin  limestone  are  to  be  observed 
they  are  found  to  be  overlain  by  or  to  merge  gradually  into  clayey  or 
marly  layers  which,  in  eastern  Texas  at  least,  pass  up  into  strata  that 
bear  an  abundance  of  characteristic  fossils  of  the  Eipley  formation. 
Because  of  the  ease  with  which  these  soft  strata  have  been  eroded,  of 
the  usually  level  character  of  the  country  in  which  they  occur,  and  of 
the  abundant  soil  and  subsoil  which  cover  them,  good  exposures  of 
them  are  not  numerous  anywhere  in  the  Texan  region.  For  these  rea- 
sons also  the  full  thickness  of  those  strata  can  not  be  satisfactorily 
measured,  and  it  is  difficult  to  estimate  it.  Mr.  Hill,  however,  has  esti- 
mated their  thickness  at  1,500  feet,  giving  the  name  of  Glauconitic 
division  to  the  upper  300  feet  and  that  of  Ponderosa  marls  to  the  lower 

«  Ann.  Rep.  Geol.  Surv.  Ark.  for  1888,  vol.  2,  p.  72. 
'Trana.  St.  Lonis  Acad.  Sci.,  vol.  1,  p.  585. 
*Biill.  "So.  4,  OeoL  Sanr.  TezM,  p.  IX. 
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.  1,200  feet^  My  own  examinations  of  the  geolonry  of  the  Texan  region 
have  not  led  me  to  estimate  so  great  a  thickness  as  this  between  the 
Austin  limestone  and  the  Bipley  formation  of  eastern  Texas,  and  it 
seems  probable  that  they  do  not  at  all  places  reach  that  thickness 
between  those  two  formationSi 

The  uppermost  and  only  member  of  the  Upper  Oretaceous  section 
in  the  eastern  part  of  the  Texan  region  which  remains  to  be  considered 
is  the  one  which  is  so  evidently  equivalent  to  the  Bipley  formation  of 
the  Gulf  Border  region  that  it  is  obviously  improper  to  apply  another 
name  to  It.  This  equivalency  is  plainly  shown  by  the  fact  that  Mr.  T. 
W.  Stanton  has  identified  90  molluscan  species  which  prevail  in  the 
Bipley  formation  of  Mississippi  out  of  124  species  which  he  has  collected 
from  the  Bipley  strata  of  Texas. 

Stratigraphically,  it  seems  to  be  impracticable  to  delimit  the  beds 
which  represent  the  Bipley  formation  in  the  Texan  region  from  those 
underlying  clayey  or  marly  strata  which  have  just  been  described.  In- 
deed, the  beds  which  bear  an  abundance  of  Bipley  fossils  appear  to 
differ  from  the  other  clayey  strata  beneath  them  mainly  by  contain- 
ing, in  many  places,  calcareous  layers  and  large  cx)ncretionary  masses 
of  limestone  in  which  the  fossils  are  usually  found  imbedded.  Further- 
more, it  is  a  well  ascertained  fact  that  certain  molluscan  species  range 
through  all  the  strata  from  the  base  of  the  Austin  formation  to  the  top 
of  the  Bipley,  inclusive. 

The  best  exposures  of  characteristic  Bipley  strata  that  are  now  known 
in  the  Texan  region  are  found  in  Navarro,  Travis,  and  Kaufman  Coun- 
ties, Texas,  but  beneath  the  overlying  soil  they  doubtless  extend  con- 
tinuously from  southwestern  Arkansas  southwestward  beyond  the  Col- 
orado Biver  in  Texas.  Southward  and  westward  from  the  Colorado 
Hiver  these  strata  seem  to  lose  in  part  their  distinctive  paleontological 
character,  or  they  are  overlapped  by  the  lignite-bearing  beds  which,  in 
eastern  Texas,  border  them  on  the  east. 

Where  these  lignite- bearing  beds  have  been  seen  to  overlie  the  Texan 
Bipley  strata  they  appear  to  the  eye  to  be  conformable,  but  if  those  beds 
are  to  be  regarded  as  equivalent  to  the  upper  part  of  the  Laramie  for- 
mation, as  has  been  suggested,  there  must  be  a  hiatus4)etweentheur and 
the  Bipley  strata  which  is  equal  to  the  greater  part  of  the  thickness  of 
the  Laramie.  That  is,  the  hiatus  is  understood  to  be  similar  to  that 
which  has  been  shown  to  exist  between  the  Cretaceous  and  Tertiary  in 
both  the  Atlantic  and  Gulf  border  regions. 

There  seems  to  be  sufficient  evidence  that  the  Bipley  strata  in  eastern 
Texas  were  much  eroded  before  the  lignite  bearing  beds  were  deposited 
upon  them,  notwithstanding  the  fact  that  they  are  now  apparently  con- 
formable, and  this  erosion  doubtless  took  place  while  the  lower  and 

*  Ball.  No.  4,  Geol.  Sarvoy  Texaa,  p.  ix. 

The  Dariu)  PonderoBa  niarls  a])pear8  to  have  been  applied  becnuse  of  the  prBvalence  in  (hose  strata 
of  Exogyra ponderota,  bnt  it  o'iglit  to  be  mentioned  that  thix  Hpeciea  is  common  in  both  the  Austin 
hmeBtone  and  the  Kipley  Ibrmation  and  that  italao  occvvra  lathe  Eagle  Pass  beds. 
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greater  part  of  the  Laramie  formation  was  being  de{>osited.  The  time 
daring  which  this  erosion  of  the  Ripley  strata  in  eastern  Texas  and  the 
depositioji'Of  the  Liiramie  strata  in  western  Texas  took  place  probably 
represents  the  time  hiatas  between  the  Cretaceous  and  Tertiary  that 
has  been  several  times  referred  to  in  preceding  paragraphs. 

The  paleontological  interrelationship  of  the  whole  Upper  Gretaceons 
series  in  the  eastern  part  of  the  Texan  region  has  been  indicated  in  the 
foregoing  discussions  of  its  separate  formations,  but  the  great  impor- 
tance of  this  fact  makes  it  desirable  that  special  attention  should  be 
called  to  it.  While  the  physical  changes  that  took  place  between  the 
time  of  the  deposition  of  the  earliest  and  the  latest  strat-a  of  that  series 
resulted  in  considerable  changes  in  theircharacterandlithological  com- 
position, it  is  evident  that  during  the  whole  time,  not  only  did  no  com- 
plete faunal  break  occur,  but  there  seems  to  have  been  only  a  partial 
faunal  change  with  each  change  in  the  character  of  the  deposits.  That 
is,  the  evidence  seems  to  be  conclusive  that  all  the^Upper  Cretaceous 
strata  of  the  eastern  part  of  the  Texan  region  are  referable  to  one  great 
paleontological  horizon,^  which,  with  others,  is  to  be  discussed  on  fol- 
lowing pages. 

Mnch  is  yet  to  be  learned  of  the  geology  of  the  eastern  part  of  the 
Texan  region,  and  that  of  the  western  part  has  been  still  more  imper- 
fectly stndied  ;  but  enough  is  now  known  of  it  to  warrant  the  confident 
belief  that  all  the  Cretaceous  formations  which  have  been  shown  to  ex- 
ist in  the  eastern  part  are  more  or  less  completely  represented  in  the 
western  part.  Originally  most  of  them  doubtless  were  geographically 
continuous  from  one  part  to  the  other,  and  some  of  them  have  escaped 
ei-osion  and  are  now  continuous  around  the  sonthern  end  of  the  Paleo- 
zoic area,  where,  however,  they  are  mostly  covered  from  view  by  soil 
and  subsoil. 

The  lower  Cretaceous  formations  seem  to  be  of  essentially  the  same 
general  character  in  the  western  that  they  are  in  the  eastern  part  of 
the  region.  The  existence  of  both  the  Trinity  formation  and  the  Co- 
manche series  in  the  western  part  of  the  Texan  region  has  already  been 
stated.  The  Trinity  there  is  not  so  well  developed  as  it  is  in  the  east- 
ern part  of  the  region,  and  the  whole  formation  evidently  thins  out 
toward  the  west  before  reaching  its  western  border. 

The- Comanche  series  has  been  much  eroded  and  covered  from  sight 
in  the  western  part  of  the  region,  and  therefore  it  does  not  seem  to  be 
so  well  developed  there  as  it  is  in  the  eastern  part,  but  it  is  known  that 
the  whole  series  thickens  toward  the  west  and  southwest,  and  that  it 
has  also  materially  changed  in  lithological  character  in  those  directions. 
The  gradation  of  this  lithological  change  has  not  yet  been  observed,  and 
the  strata  in  which  it  has  occurred  are  now  covered  by  later  formations. 

The  Upper  Cretiiceous  series  of  the  western  part  of  the  Texan  region 
is  snK*mounted  by  the  Laramie  formation,  which  has  no  representation 


■  XVo  Uivm  iiuiizou  iui  u»cU  in  liiis  extended  aense  wiUbe  exv\a^«i!Lu\^u«kiQ»\^<(>^\&9,^9*'l!^ 
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in  the  eastern  part  unless  it  shall  prove  to  be  partially  represented  by 
the  lignitic  beds.  Beneath  the  Laramie  the  western  series  is  under- 
stood fully  to  represent  the  eastern  series,  although  the  separate  forma- 
tions of  the  latter  have  not  all  been  clearly  recognized  in  the  former 
series. 

The  Austin  formation,  overlain  by  marly  shales,  is  observable  in  the 
valley  of  Medina  Biver,  Medina  County,  Texas,  where  all  those  strata 
have  a  gentle  westerly  dip.  In  the  marly  shales  overlying  the  Austin 
strata  there  I  have  found  some  fossil  species  that  are  known  to  occur 
in  the  Bipley  formation,  and  those  overlying  strata  probably  represent 
both  the  Ponderosa  marls  of  Hill  and  the  Ripley  formation  proper. 
Certain  coal-bearing  strata  are  found  in  the  valley  of  Nueces  Biver, 
in  Zavalla  and  Uvalde  Counties,  which  are  believ^  to  represent  the 
Laramie  formation  in  part,  but  little  is  yet  known  of  the  structural 
geology  of  the  district  between  the  Medina  and  the  Uio  Grande. 

In  the  valley  of  tjie  Kio  Grande  there  is  a  formation  which  imme- 
diately underlies  the  Laramie  to  which  I  have  given  the  local  name  of 
Eagle  Pass  beds.  By  means  of  its  fossils  and  by  its  intimate  strati- 
graphical  relation  to  the  overlying  Laramie  formation  these  beds  have 
been  satisfactorily  identified  with  the  Fox  Hills  portion  of  the  Upper 
Missouri  Biver  section,  or  the  upper  part  of  the  Montana  formation  of 
the  interior  regions.  Like  both  of  those  formations,  and  unlike  any  of 
the  Cretaceous  formations  of  the  Atlantic  and  Gulf  Border  regions,  so 
far  as  is  now  known,  the  Eagle  Pass  strata  are  coal-bearing.  The  Rip- 
ley formation  of  eastern  Texas  has  not  been  traced  continuously  to  a 
connection  with  the  Eagle  Pass  beds,  but  the  relative  position  of  each 
of  these  formations  to  those  which  underlie  and  overlie  them  respec- 
tively, and  the  specific  identity  of  certain  fossils  found  in  each,  leaves 
no  reason  to  doubt  that  the  two  are  really  identical  and  that  they  were 
of  contemporaneous  origin. 

The  Eagle  Pass  beds  are  well  exposed  in  the  vicinity  of  Eagle  Pass, 
Texas,  but  within  a  few  miles  toward  the  north  from  there  they  appear 
to  thin  out  or  to  have  been  removed  by  erosion.  Southward  from 
Eagle  Pass,  in  the  southern  part  of  Maverick  County,  they  pass  be- 
neath the  Laramie  toward  the  east,  so  that  strata  believed  to  represent 
the  latter  formation  in  part  are  found  resting  upon  them  in  the  valley 
of  the  Nueces  in  Uvalde  and  Zavalla  Counties,  as  already  mentioned. 

The  full  outlines  of  the  area  which  is  occupied  by  the  Laramie  for- 
mation in  the  western  part  of  this  region  have  not  been  determined, 
but  it  has  been  recognized  at  various  points  in  Maverick,Webb,  Zavalla, 
and  Uvalde  Counties,  Texas.  In  Webb  County,  about  10  miles  above 
Laredo,  near  the  Bio  Grande,  it  is  seen  to  pass  by  a  southerly  dip 
beneath  marine  Eocene  strata.  Eastward  from  Zavalla  and  Uvalde 
Counties  it  thins  out  or  loses  the  character  of  a  distinct  formation  which 
it  has  in  the  valley  of  the  Bio  Grande  and  farther  northward.  It  is 
the  upper  part  of  the  formation  which,  in  the  valley  of  the  Nueces  and 
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that  of  the  Bio  Grande,  is  coal  bearing,  and  which  is  understood  to 
represent  those  iignitic  beds  of  eastern  Texas  which  are  usaally  referred 
to  the  Eocene  Tertiary. 

The  following  diagram  shows  the  relation  of  the  Gretaceoas  forma- 
tions of  the  eastern  part  of  the  Texan  region  with  those  of  the  western 
part,  iuelading  those  which  lie  along  the  western  border  of  the  Paleo- 
zoic area  in  Texas.  The  width  of  the  respective  spaces  in  the  table 
has  no  reference  to  the  proportional  thickness  of  the  formations,  the 
names  of  which  they  contain,  or  of  the  length  of  time  represented  by 
a  hiatus.  The  object  of  the  diagram  is  only  to  indicate  their  under- 
stood equivalences. 


JHagram  showing  interrelation  of  Texan  formations. 


Western  Texas. 


BasternTexM. 


Tertiary 


Upper  CretaceoDB., 


Lower  Cretaceous..  < 


Eocene. 

Eocene. 
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Laramie  formation. 

Hiatus. 

Eagle  Pass  bed. 

Ripley  formation. 

Equivalents  of  the  Ponderosa 
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Eagle   Fordy    and     Timber 
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Austin   formation  and 
Ponderosa  marls. 

Eagle  Ford  foiination. 

Timber  Creek  formation. 

Hiatus. 

Hiatus. 

Comanche  series. 

Comanche  series. 

Hiatus. 

Hiatus. 

Trinity  formation. 

Trinity  formation. 

The  formations  which  in  the  Atlantic  and  Gulf  border  regions  are 
referred  to  the  Cretaceous  are  arranged  under  two  divisions,  a  marine 
and  a  non-marine.  The  correctness  of  referring  the  whole  of  the  marine 
division  to  the  upper  Cretaceous  need  not  be  questioned^  and  the  char- 
acter of  the  plant  remains  of  the  upper  part  of  the  non-marine  division 
in  New  Jersey  is  such  as  to  indicate  that  those  deposits  ought  also  to 
be  so  referred;  but  in  view  of  certain  paleontological  charaAtm&tAsx^^l 
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the  Potomac  and  Tuscaloosa  formations  doabt  has  been  expressed  by 
some  persons  whether  they  ought  not  to  be  referred  to  the  Jurassic 
The  formations  of  the  Texan  region  which  are  herein  discnsaed  as  of 
Cretaceous  age  are  likewise  arranged  under  two  divisions  as  shown  in 
the  foregoing  table,  and  respectively  referred  to  the  Upper  and  Lower 
Cretaceous;  but  the  considerations  which  prompted  this  separation 
are  wholly  of  a  chronological  character,  whUe  those  which  suggested 
the  separation  in  the  Atlantic  and  Gulf  Border  regions  are  of  a  phys- 
ical character.  That  is,  in  the  latter  case  the  earlier  division  is  wholly 
of  Don-marine  and  the  later  wholly  of  marine  origin,  while  in  the  Texan 
region  there  are  both  marine  and  non-marine  deposits  in  both  the  upper 
and  lower  divisions. 

The  formations  of  the  upper  division  of  the  general  Cretaceous  sec- 
tion of  the  Texan  region,  beneath  the  Laramie,  are  understood  to 
represent  in  full  the  marine  division  in  both  the  Atlantic  and  Gulf 
Border  regions.  The  Comanche  series  of  the  lower  division,  whi(^h  con- 
stitutes the  greater  part  of  it,  is  understood  to  have  no  representative 
in  the  Atlantic  and  Gulf  Border  regions,  and  the  remainder  of  the 
division,  that  is*  the  Trinity  formation,  is  doubtfully  regarded  as 
representing  a  part  of  the  non-marine  division  in  each  of  those  regions. 

The  upper  and  lower  delimitation  of  the  full  Cretaceous  series  in  the 
eastern  part  of  the  Texan  region  may  be  regarded  as  being  nearly 
identical  with  that  of  the  Atlantic  and  Gulf  Border  regions.  That  is, 
the  uppermost  Cretaceous  strata  are  understood  to  be  at  least  approx- 
imately equivalent  in  each  case,  and  in  each  ca«e  also  those  strata  are 
overlain  by  Eocene  beds  with  evidence  of  a  time  hiatus  between  them. 
The  lower  delimitation  in  the  eastern  part  of  the  Texan  region  is  by 
the  Trinity  formation,  which  perhaps  represents  the  Potomac  and 
Tuscaloosa  formations  and  which  has  been  found  resting  upon  Carbon- 
iferous and  older  rocks,  where  its  base  has  been  observed. 

The  upper  delimitation  of  the  full  series  in  the  western  part  of  the 
Texan  region  is  by  the  Laramie  formation,  which,  as  has  been  shown, 
is  overlain  by  characteristic  Eocene  strata.  The  lower  delimitation  of 
the  series  in  the  western  part  of  the  region  is  not  so  well  known.  It 
is,  however,  known  that  near  the  western  border  of  the  Texan  Pale- 
ozoic area  the  Trinity  strata  rest  upon  the  Carboniferous  and  Permian; 
but  in  a  considerable  portion  of  the  western  part  of  the  region  the 
Comanche  series  is  known  to  rest  directly  upon  Carboniferous  and  Per- 
mian rocks. 

The  upper  delimitation  of  the  Lower  Cretaceous  in  the  Texan  region 
is  by  the  upper  strata  of  the  Comanche  series,  between  which  and  the 
lowermost  strata  of  the  Upper  Cretaceous  there  is  unconformity  and  a 
time  hiatus.  There  is  also  understood  to  be  a  time-hiatus  between  the 
two  subdivisions  of.  the  Lower  Cretaceous,  which  are  recognized  in  this 
region* 
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The  lower  delioiitation  of  the  Upper  Gretaceoas  of  the  eastern  part 
of  the  Texan  region  is  by  the  Timber  Creek  formation,  which  is  under- 
stood to  represent  the  Dakota  formation  of  the  Interior  regions.  In  the 
western  part  of  the  Texan  region  that  delimitation  is  by  strata  equiv- 
alent to  the  Timber  Greek  formation,  bnt  which  are  not  there  recog- 
nized as  constitutiug  a  separate  formation. 

Th6  assignmeut  of  the  upper  divisiou  of  the  Texan  section  to  the 
Upper  Gretaceoas  has  been  made  because  of  its  general  paleontological 
agreement  with  the  formations  that  have  been  so  assigned  in  other 
regions  and  because  of  the  intimate  relation,  either  paleontological  or 
stratigraphical,  or  both,  of  those  Texan  formations  with  one  another, 
including  the  Laramie.  Its  lower  delimitation  by  the  Timber  Greek 
formation  has  been  recognized  because  it  is  regarded  as  the  marine 
equivalent  of  the  Dakota  formation,  the  horizon  of  which  is,  in  all  the 
other  regions,  understood  to  represent  tlio  basal  portion  of  the  Upper 
Cretaceous  of  North  America.  Although  the  Laramie  formation  is 
regarded  as  in  part  of  Tertiary  age  it  is  in  this  memoir  treated  as  the 
upper  delimiting  member  of  the  Upp<!r  Cretaceous  because  of  its 
intimate  stratigraphical  relation  to  the  immediately  underlying  forma- 
tions of  its  common  involvement  with  them  in  great  displacements,  and 
of  the  presence  in  its  strata  of  such  vetebrate  remains  as  are  usually 
referred  to  the  Cretaceous.^ 

While  it  is  admitted  that  a  considerable  number  of  fossil  forms  which 
characterize  the  Comanche  series  are  closely  similar  to  forms  which 
prevail  in  the  Upper  Cretaceous  of  Europe  that  series  is  referred  to  the 
North  American  Lower  Cretaceous  because  it  underlies  and  is  separated 
by  an  evident  time-hiatus  from  the  recognized  base  of  the  Upper  Creta- 
ceous and  because  its  fossil  fauna  is  wholly  different  from  that  of  any 
known  North  American  Upper  Cretaceous  formation. 

The  upper  strata  of  the  Comanche  series  are  regarded  as  the  upper 
delimiting  portion  of  the  Lower  Cretaceous  of  the  Texan  region,  no  de- 
]>osits  having  been  discovered  which  are  assignable  to  a  place  between 
them  and  the  base  of  the  Upper  Cretaceous. 

The  Trinity  formation  has  been  provisionally  recognized  as  the  lower 
delimiting  member  of  the  Texan  Lower  Cretaceous  upon  comparatively 
slight  evidence  of  any  kind.  It  is  supposed  to  be,  either  wholly  or  in 
part,  equivalent  to  the  Potomac  and  Tuscaloosa  formations,  and  it  is 
therefore  provisionally  assigned  to  the  same  horizon  upon  the  upper 
confines  of  the  Jurassic. 

Although  no  deposits  are  yet  known  which  are  assignable  to  a  place 
between  the  Trinity  formation  and  the  base  of  the  Comanche  series  their 
great  physical  and  paleontological  difierences  indicate  that  there  is  an 
important  time-hiatus  between  them. 

^Beaaons  are  giren  on  following  pages  for  regarding  the  Laramie  formation  as  in  part  of  Tertiary 
ago. 
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The  n^t  following  diagram  is  intended  to  show  the  relation  of  the 
Cretaceoas  formations  of  the  Texan  region  to  those  of  the  Gulf  Border 
region.  Like  the  foregoing  diagram  its  divisions  are  intended  only  to 
indicate  known  and  supposed  equivalences,  of  the  formations  in  each 
region  to  those  of  the  other,  and  the  width  of  its  respective  spaces  has 
therefore  no  reference  to  the  proportional  thickness  of  the  formations 
the  names  of  which  they  embrace  nor  to  the  length  of  time  represented 
by  a  hiatus.  It  also  illustrates  the  assumed  fact  that  the  Comanche 
series,  which  isone  of  the  most  distinctive  features  of  the  Texan  section, 
is  wholly  absent  from  that  of  the  Gulf  Border  region.  Besides  this  it 
illustrates  the  tentative  opinion  of  the  writer  that  the  Trinity  forma- 
tion of  the  Texas  section  represents  the  non-marine  division  of  the  Gulf 
Border  section,  and  that  the  horizon  of  that  division  is  beneath  that  of 
the  Comanche  series. 

Both  of  these  tables  are  so  constructed  as  to  show  the  relation  of  the 
Laramie  formation  to  the  overlying  Tertiary,  as  well  as  to  the  under- 
lying marine  Cretaceous  formations.  Both  also  represent  the  hiatus 
which  is  understood  to  exist  ^between  the  uppermost  marine  Cretaceous 
formation  and  the  overlying  Eocene  deposits,  which  hiatus  is  understood 
to  exist  in  the  Atlantic  Border  region  as  well  as  in  the  other  two.  That 
hiatus  is,  however,  assumed  to  be  absent  in  the  western  part  of  the  Texan 
region,  where  the  Laramie  formation  exists.    . 
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THE  NORTH  MEXICAN  REGION. 

In  connection  with  the  discussion  of  the  Cretaceous  formations  of  the 
Texan  region  it  was  shown  that  the  geology  of  its  western  partis  not  yet 
BO  well  known  as  that  of  the  eastern  part,  or  as  that  of  the  Atlantic  and 
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Golf  Border  regions.  It  is  .proper  also  to  say  that  oar  knowledge  of 
the  geology  of  the  region  which  lies  to  the  west  and  soathwest  of  the 
Texan  region,  which  I  have  designated  as  the  North  Mexican  region,  is 
less  perfectly  known  than  that  of  the  other  regions  mentioned,  because 
little  or  no  systematic  investigation  of  any  considerable  pact  of  it  has 
yet  been  made. 

The  North  Mexican  region,  as  defined  by  the  f>oundaries  which  have 
been  selected  for  the  present  purpose,  lies  mainly  within  the  Republic 
of  Mexico,  but  it  also  includes  a  portion  each  of  western  Texas  and 
southern  New  Mexico,  and  nominally  a  portion  of  southern  Arizona. 
The  twenty-sixth  parallel  of  north  latitude,  which  crosses  the  coast  line 
of  the  Gulf  of  Mexico  at  or  near  the  month  of  the  Rio  Grande,  has  been 
arbitrarily  chosen  as  its  southern  boundary,  because  too  little  is  yet 
known  of  the  geology  of  the  region  which  lies  south  of  that  parallel  to 
allow  of  the  selection  of  a  natural  boundary.  The  eastern  boundary  is 
the  same  as  the  western  boundary  of  the  Texan  region,  and  consists  of 
the  Rio  Grande,  from  its  mouth  up  to  the  mouth  of  its  tributary,  the 
Pecos,  and  of  the  Pecos  from  its  mouth  to  the  point  where  the  thirty- 
third  parallel  of  north  latitude  crosses  it.  The  northern  boundary  is 
the  thirty-third  parallel  of  north  latitude,  and  the  western  boundary  is 
the  eastern  shore  of  the  Gulf  of  California,  together  with  that  portion 
of  the  Colorado  River  which  lies  between  the  northern  extremity  of  the 
gulf  and  the  parallel  last  named. 

In  designating  the  boundaries  of  those  regions  that  already  have  been 
described  it  was  thought  expedient  to  make  the  inland  boundaries  coin- 
cide as  nearly  as  practicable  with  the  surface  junction  of  the  Paleozoic 
with  the  Mesozoic  and  later  rocks,  thus  excluding  all  the  Paleozoic  and 
earlier  rocks  from  those  regions.  It  will  not  be  practicable,  however, 
to  use  such  geological  features  for  boundary  lines  in  the  case  of  the 
North  Mexican  region,  nor  of  that  of  the  other  regions  yet  to  be  dis 
cussed,  because  the  Cretaceous  areas  within  their  designated  bounda- 
ries are  more  irregular,  and  sometimes  isolated,  and  also  because  so 
much  remains  to  be  learned  concerning  their  outlines. 

The  following  brief  and  incomplete  account  of  the  topography  and 
geology  of  the  North  Mexican  region  is  based  upon  the  few  and  meager 
reports  that  have  been  published,  supplemented  by  some  of  my  own 
personal  observations.*  While  lack  of  knowledge  renders  this  account 
necessarily  incomplete,  enough  has  been  acquired  to  indicate  that  the 
region  in  question  is  one  of  the  most  important  of  the  Cretaceous 
regions  of  the  continent. 

The  general  surface  of  this  region  is  more  uneven  than  that  of  either 
of  the  other  regions  which  have  been  discussed,  and  the  average  eleva- 
tion above  the  sea  is  also  greater.  The  valley  of  the  Rio  Grande  is  a 
prominent  surface  feature,  and  a  considerable  number  of  short  moun- 
tain ranges  exist  in  the  eastern  part,  while  the  central  part  is  largely 
occupied  by  a  broad,  irregular,  high  plateau.    Other  inequalitiea  oC WMt- 
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face  are  due  to  the  immense  erosion  which ^4t  has  suffered  during  either 
Tertiary  or  jwst-TeHiary  time,  or  during  both  those  periods. 

The  small  ranges  referred  to  are  mostly  erogenic  uplifts,  and  usually 
these  are  separated  by  broad  spaces  of  comparatively  plain  countiy 
which  are  more  or  less  thickly  covered  with  the  abundant  d6bris  that 
has  resulted  from  the  ^reat  erosion  which  has  contributed  so  largely  to 
the  present  surface  features  of  the  region.  Besides  these  ranges  there 
are  in  the  same  districts  numerous  hills  and  isolated  mountains  which 
are  remnants  of  great  volcanic  outflows  that  have  occurred  since  the 
close  of  Cretaceous  time  and  that  have  escaped  the  great  erosion. 

The  exposures  of  the  greater  part  of  the  Cretaceous  strata  which  have 
been  observed  in  this  region  have  been  more  or  less  directly  connected 
with  the  erogenic  uplifts  that  have  been  mentioned,  but  some  of  the 
more  important  exposures  are  found  in  the  lower,  comparatively  plain 
country,  and  many  more  would  doubtless  have  occurred  there  if  it  were 
not  for  the  presence  of  the  abundant  debris*  which  has  resulted  from 
the  great  erosion  just  mentioned. 

For  reasons  already  mentioned  it  is  impracticable  to  give  a  satisfac- 
tory account  of  the  several  Cretaceous  formations,  which  exist  within 
this  region,  but  from  present  information  it  seems  to  be  safe  to  assume 
that  they  occupy  only  a  small  proportion  of  its  surface  area.  The  most 
important  report  that  has  been  published  concerning  these  formations 
is  coutained  in  volume  i  of  the  United  States  and  Mexican  Boundary 
Survey;  but  even  in  this  publication  little  indication  is  given  of  the 
separate  identity  of  the  Cretaceous  formations,  equivalents  of  which 
are  now  known  to  occur  there.  Prof.  Antonio  del  Castillo,  director  of 
the  Mexican  National  School  of  Mines,  has  informed  me  that  he  has 
prepared  a  geological  sketch  map  of  the  Eepublic,  but  no  copy  of  it  has 
yet  reached  me.^  The  following  statements  concerning  the  formations 
of  this  region  are  therefore  based  mainly  upon  my  personal  observations 
during  the  several  journeys  which  I  have  made  in  different  parts  of  it. 

The  personal  observations  referred  to  were  made  in  western  Texas, 
southern  New  Mexico,  and  in  the  Mexican  states  of  Chihuahua,  Coha- 
huila,  and  Nuevo  Leon.  Within  these  parts  of  the  region  both  an  Upper 
and  Lower  Cretaceous  series  of  strata  have  been  recognized.  The 
upper  series  is  understood  to  represent  the  whole  of  the  Upper  Creta- 
ceous as  it  occurs  in  western  Texas,  and  in  the  two  Interior  regions. 
That  is,  it  is  understood  to  represent  all  the  formations  from  the  Dakota 
to  the  Laramie  formation  inclusive,  although  as  separate  formations 
they  have  not  yet  been  definitely  recognized  there.  The  lower  series 
appears  to  embrace  only  strata  that  are  referable  to  the  Comanche 
series  of  the  Texan  region,  no  trace  of  the  Trinity  or  of  any  other  Lower 
Cretaceous  formation  than  the  Comanche  having  been  observed  in  the 
North  Mexican  region. 

1  This  map  is  received  while  this  memoir  is  passing  through  the  press.    It  is  an  importa&t  pnblioa- 
tion  and  conveys  much  information  that  has  not  before  been  pablished. 
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It  is  mainly  the  formations  that  are  known  to  occar  in  Texas  between 
the  Pecos  and  the  Bio  Grande  and  in  the  Mexican  States  mentioned  in 
the  last  paragraph  that  will  be  considered  on  the  present  occasion,  but 
reference  should  be  made  to  certain  rocks  of  Cretaceous  age  that  were 
some  years  ago  reported  by  Mr.  Gabb  to  exist  in  the  Mexican  State  of 
Sonora.  This  report  was  based  on  the  discovery  and  collection  of  some 
fossils  by  Mr.  Angnste  B6mond  m  the  <<  Sierra  de  las  Conchas  near 
Arivechi,  Sonora."* 

A  part  of  the  species  of  this  collection  are  identical  with  certain  char- 
acteristic species  of  the  Comanche  series,  and  a  part  of  them  api}ear  to 
be  of  Upper  Cretaceous  age.  The  former  are  of  especial  interest  be- 
cause they  represent  the  most  westerly  known  extension  of  Comanche 
strata ;  and  the  latter  are  also  important  as  indicating  that  both  divi- 
sions of  the  North  American  Cretaceous  are  represented  there.  Another 
matter  of  interest  in  connection  with  the  whole  collection  is  that  its 
species  have  closer  relationship  to  those  of  the  formations  which  occur 
toward  the  east  than  to  those  of  the  Pacific  Coast  Cretaceous,  although 
the  locality  in  question  is  upon  the  drainage  slope  of  the  Gulf  of  Cali- 
fornia, and  comparatively  near  to  the  Pacific  coast. 

It  is  to  be  expected  that  strata  referable  to  the  Comanche  series  will 
be  found  to  extend  far  southward  into  the  Kepublic  of  Mexico  beyond 
the  designated  limits  of  the  North  Mexican  region,  but  the  only  direct 
indication  of  it  at  present  known  to  me  is  the  unpublished  discovery 
by  Mr.  James  T.  Gardner  of  some  fossils  belonging  to  that  series  in  the 
State  of  Tamaulipas.'  It  is  also  to  be  expected  that  large  exposures 
of  both  Upper  and  Lower  Cretaceous  strata  other  than  those  now 
known  will  be  discovered  in  various  parts  of  the  North  Mexican  region, 
but  we  are  now  necessarily  confined  to  the  consideration  of  those  which 
occur  in  the  districts  that  are  best  known. 

It  is  believed  that  the  Comanche  series  exists  in  considerable  force  in 
the  Mexican  State  of  Cohahuila,  where  the  Upper  Cretaceous  is  known 
to  be  well  developed,  but  in  this  region  it  has  been  observed  mainly  in 
Texas,  between  the  Pecos  and  the  Rio  Grande,  and  in  the  Mexican  State 
of  Chihuahua.  Much  the  most  important  exposures  of  these  Lower 
Cretaceous  strata  that  are  yet  known  are  found  in  the  State  of  Chihua- 
hua, exposed  in  a  short  range  of  mountains  known  as  the  Sierra  San 
Carlos,  about  75  miles  southeastward  from  Presidio  del  Norte.^  Dr.  C. 
C.  Parry,  however,  mentions  a  great  thickness  of  Cretaceous  strata  as 
forming  the  walls  of  the  Canon  San  Carlos,  through  which  flows  the 
Rio  Grande,  from  60  to  75  miles  below  Presidio.^  These  strata  have 
not  been  seen  by  myself,  but  they  seem  from  Dr.  Parry's  description  to 
belong  to  the  Comanche  series. 


'  Geol.  Sarv.  California,  Paleontology,  vol.  2,  pp.  287-276,  and  plates  35, 36. 

*  See  remarks  on  Prof,  ileilprin's  obserrations  in  Mexico  on  a  following  page. 

*Ani.  Jour.  Sci..  1889,  vol.  38,  pp.  440-445. 

^See  Beport  on  the  United  States  and  Mexican  Boandary  Sorvey,  toL  1,  part  2,  pp.  4l^4SL 
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Ithaa  been  shown  that  west  of  the  Paleozoic  area  in  Texas  the  Co- 
.  manche  series  disappears  toward  the  west  by  a  gentle  general  dip.  West 
of  the  Pecos  those  strata  are  brought  np  a;<;ain  by  the  npIifCtng  of  tbe 
Bbort  mountain  ranges  that  have  been  referred  to.  Here  they  are  not 
only  found  to  have  increased  in  aggregate  thickness,  bnt  they  are  found 
to  have  changed  materially  iu  lithological  character.  As  has  been 
shown  on  a  preceding  page,  the  (JVnianche  strata  in  the  Texan  region 
consist  of  moderalely  compacted  limesLones,  calcareous  shales,  and 
earthy,  or  sometimes  chalky,  material  n-cth  stotiy  concretions,  all  bav- 
ingagrayishcolor,u3nallyhght ;  bat  when  the  formation  appears  again  ' 
in  tbe  mountain  aplifts  before  mentioned,  the  series  aa  a  whole  has 
changed  to  a  hard  compact  bluish  limestone  so  closely  resembling  tbe 
Garbouiferoas  limestone  of  tbe  interiur  portion  of  the  continent  that  tbe 
two  formations  ate  not  easily  distinguishable  from  each  other  except 
by  tbeir  fossils. 

Some  interesting  exposures  of  these  rocks  ocour  at  tbe  eastern  end 
of  tbe  Cbinate  Mountains  iibout  25  miles  north  of  Presidio,'  where  the 
bluish  Comanche  limestone  is  found  to  rest  with  apparently  true  con- 
formity upon  tbe  similarly  colored  Carbouiferous  limestone.  Much  tbe 
most  im^Kirtaot  exposure  of  tbe  Comanche  scries  yet  known,  however, 
is  the  one  found  in  tbecanonof  a  creek  which  flows  eastward  out  of  the 
Sierra  San  Carlos,  and  which  has  already  been  referred  to.  A  section 
of  these  strata  is  represented  by  Fig.  7. 


F  (1  7     TAf  *»ml  San  (Jirloi  te  I  on  ' 

No  1    G™y  orj»l»ll  ne  r  H,k   wcBtber  ng  I  glii  bro    n      TLi  L  eu  uotkoouu.  Feet 

No  ->  Groenah  lirawn  an  1  light  colored  qnarUlUM  1,I»0 

No.  3.  Uarkbliii>u>dbni<rnl>liliiuDiitDne»,liiucb  allered.  but  nhowiug  traces  ufrosail  sliells...      tW 
No.  4.  Uiirh  blue  and  bluieb  pray  <u>iDp»t:t  llnieetoiK'a,  iu  luirt  cniiipnratively  pnru.  but  in  purl 

argillacBoin.  bcaripg  Lower  CrcUcpons  fosaila. 4.0M 

No.  S.  UHtk  bins  uid  drab  colored  ahalea  alternatlnx  with  biyenor  bluish.  iirgilUoeuiu.  and 
■omotituea  concretionary  limestone,  f^adually  ohueiDE  to  llEbter-coloted  arBOiuwoiis 

layers BOO 

No.  a.  FaUen  d«brii,«)yerlDg  No.  5. 

Concerning  the  geological  age  of  Nos.  1  and  2  of  this  section  no  di- 
rect paleontological  evidence  baa  been  obtained;  and  while  traces  of 
fossils  were  observed  in  No.  3  they  were  too  indistinct  to  serve  as  trust- 

■PreaidluiaaTeian  town  on  the  left  bank  of  the  RIoGnuide.  uid  Frceicllo  del  Norto,  a  Ueiican 
tewD  on  the  right  bulk  of  that  rlrer,  directly  opposite. 

■With  the  eiceptlon  of  tbe  brief  verbal  explanation  of  this  important  aectlon  In  tbe  Amerian 
Jonnial  ol  Science,  already  referred  to,  this  is  the  drst  publication.  Thercrore  It  la  nnni  folly  «Uba- 
ntedlbuiisaiiy  oneofthsalber  MoUonswhich  are  dlncuasod  in  Ibis  memoir. 
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worthy  indices  in  tliat  regard.  Therefore  the  following  suggestions  as 
to  the  age  of  these  members  must  be  understood  to  have  little  or  no 
direct  paleontological  warrant. 

It  is  suggested  that  No.  1  of  the  section  may  be  of  Archean  age^  but 
its  lithological  similarity  to  rockd  of  intrusive  origin,  which  largely 
enter  into  the  composition  of  certain  mountains  in  New  Mexico,  notably 
some  of  those  in  the  vicinity  of  the  town  of  White  Oaks,  in  Lincoln 
County,  which  are  largely  composed  of  Cretaceous  strata,  favors  the 
belief  that  the  San  Carlos  crystalline  rock  is  also  of  similar  origin. 

No.  2  of  the  section  consists  of  stratified,  but  much  altered  sedimen- 
tary rock.  No  satisfactory  view  of  its  contact  with  No.  1  has  been 
obtained,  but  the  unexposed  space  between  them  is  so  small  that  there' 
can  be  no  doubt  of  their  actual  contact.  No  fossils  have  been  found  in 
these  strata,  and  they  are  highly  altered.  The  Carboniferous  rocks  in 
all  that  part  of  the  coutinent  are  usually  very  fossiliferous  and  not  very 
highly  altered.^  Therefore  it  is  inferred  that  they  are  not  Carbonifer- 
ous, and  it  is  suggested  that  they  may  be  of  pre-Silurian  age. 

No.  3  is  composed  of  somewhat  regularly  bedded  strata,  mostly  lime- 
stone, but  some  of  the  layers  are  more  or  less  arenaceous.  It  rests  with 
apparent  conformity  &pon  No.  2,  but  if  the  latter  is  really  of  pre- 
Silurian  age  there  must  necessarily  be  a  great  time-hiatus  between 
them. 

While  the  fossils  which  were  originally  inclosed  in  the  strata  of  No. 
3  have  been  so  nearly  obliterated  by  the  alteration  of  the  rock  as  to 
give  no  satisfactory  indication  of  their  geological  age,  they  offer  no 
suggestion  that  they  are  not  referable  to  the  Cretaceous.  Besides  this, 
these  strata  are  so  similar  in  character  to  those  of  No.  4,  except  that 
they  have  suffered  greater  alteration,  and  their  conformity  with  them 
is  so  perfect,  that  it  seems  necessary  to  regard  them  all  as  belonging 
to  one  and  the  same  series.  These  strata,  as  well  as  their  equivalents 
in  the  Chinate  Mountains,  are  silver-beariug. 

In  both  lithological  and  paleontological  character  No.  4  of  the  sec- 
tion is  quite  uniform  from  bottom  to  top,  but  the  greater  part  of  the 
contained  fossils  are  too  compactly  imbedded  in  the  rock  to  be  removed. 
It  is  true  that  some  species  of  its  fossils  were  found  only  at  certain 
horizons  in  the  series,  but  other  species  range  through  its  whole  thick- 
ness, among  which  are  some  that  are  comnion  in  the  Comanche  series, 
as  it  is  known  in  Texas. 

The  general  character  of  the  molluscan  fauna  of  the  whole  Comanche 
series  is  such  as  to  suggest  that  while  its  habitat  was  marine,  it  existed 
in  comparatively  shallow  waters.  This  implies  that  duiiug  the  whole 
time  that  the  series,  as  it  is  represented  by  the  San  Carlos  section,  was 
accumulating  there  was  a  continuous  subsidence  of  the  sea  bottom  upon 
which  the  fauna  lived,  and  that  this  subsidence  was  approximately 
equal  to  the  rate  of  that  accumulation. 

*It  is  asii^iiflcaiit  fact  that  while  tbo  Cotnaoohe  sioricA  !»  foiLnd  reHtiug  directly  apon  Carboniferoat 
strata  at  many  and  widely  sep<tratod  places  in  western   Cei^ft,  no  «X.t«AA  ol  ^wcXMrofi&fiitn^A.  «Ji!&  vea 
recognized  in  the  Sierra  San  Cairlos  section. 
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• 

The  Upper  Gretaeeoas  strata  represeuted  by  No.  5  were  equally  Id- 
volved  in  the  orogenic  movement  which  placed  the  adjacent  strata  of 
No.  4  into^a  vertical  or  past  vertical  position ;  bat  as  they  were  notable 
to  resist  erosive  action  so  well  as  the  latter,  they  have  been  so  largely 
removed  and  covered  with  debris  that  I  found  them  exposed  only  in  tht^^ 
banks  and  beds  of  the  creek  where  the  strata  of  the  foregoing  section 
are  exposed,  and  at  a  few  other  places  in  the  same  neighborhood  along 
the  eastern  base  of  the  Sierra  SanDarlos.  These  strata  not  only  differ 
lithologically  from  the  others,  but  they  contain  a  different  fossil  fanna, 
several  species  of  which  are  identical  with  those  which  characterize 
the  lower  portion  of  the  Upper  Cretaceous  of  the  Interior  regions. 

Actual  contact  of  these  Upper  Cretaceous  with  the  contiguous  Lower 
Oretaceons  strata  w.is  not  seen  at  the  Sierra  San  Carlos  locality,  but 
that  of  their  equivalents  was  seen  at  a  point  nearer  to  Presidio  del 
Norte.  The  Upper  Cretaceous  strata  were  traced  in  the  bed  of  the 
creek  at  the  mouth  of  the  caiion^  in  which  the  San  Carlos  section  was 
observed  so  far  toward  the  line  of  strike  of  the  uppermost  layers  of 
the  upturned  Lower  Cretaceous  series  that  not  more  than  50  feet  of 
unobserved  strata  can  exist  between  them.  Because  of  this  obscura- 
tion of  the  contact  between  the  Upper  and  Lower  Cretaceous  strata 
there  the  question  of  actual  conformity  remains  undetermined,  although, 
as  before  shown,  it  can  not  be  doubted  that  there  is  closely  approxi- 
mate conformity,  but  still  an  important  time-hiatus,  between  them. 

The  whole  Upper  Cretaceous  series  was  not  observed  in  the  neigh- 
borhood of  the  Sierra  San  Carlos,  the  upper  portion  having  been  re- 
moved by  erosion  or  covered  from  sight  by  the  abundant  debris.  The 
whole  series,  however,  is'  observable  between  those  mountains  and 
Presidio  del  Norte. 

The  opinion  that  was  expressed  in  a  previous  paragraph  that  there 
is  a  great  time-hiatus  between  the  Lower  Cretaceous  of  the  Sierra  San 
Carlos  and  the  next  underlying  rocks  is  supported  by  the  fact  that  a 
great  hiatus  is  also  known  to  exist  between  the  base  of  the  Lower  Gre- 
tacex)us  and  the  next  underlying  rocks  elsewhere  in  the  North  Mexican 
region.  A  notable  example  of  such  a  hiatus,  occurring  with  apparent 
conformity  of  strata,  is  to  beobserved,asalready  indicated,  at  tbe  east- 
ern end  of  the  Chiuate  Mountains,  about  25  miles  north  of  the  town  of 
Presidio,  Texas.  Here  the  Lower  Cretaceous  rocks  rest  directly  upon  the 
Carboniferous,  and  their  conformity  is  so  perfect  at  the  point  where 
they  were  observed  that  the  junction  between  them  was  not  readily 
distinguishable.  Still,  the  time-hiatus  between  them  amounts  to  the 
whole  of  the  Jurassic  and  Trias  sic  periods,  and  apparently  a  consider- 
able part  of  the  Carboniferous  also. 

A  great  thickness  of  the  Comanche  Lower  CretaceOus  is  exposed  in 
a  large  hill  that  rises  near  the  right  bank  of  the  Rio  Grande  below 
Presidio  del  Norte.    Upon  the  southern  flank  of  this  hill  strata  bearing 


*Tbi8  caQon  must  not  bo  confoumlod  with  tlio  Cauoii  Sin  Carlos,  through  which  tho  llio  Grarde 
Bowa,  and  which  ia  mentioned  on  y..  i:i3. 
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>er  Cretaceous  fossils  rest  apon  those  Lower  Gretaceoas  rocks  and 
3  a  well  marked  somberly  dip.  Following  the  direction  of  the  dip 
ler  and  higher  strata  are  observed,  and  at  a  point  a  few  miles  from 
bill  jast  mentioned  strata  are  reached  which  are  believed  to  repre- 
the  Laramie  formation.  The  whole  thickness  of  these  Upper  Ore- 
ons  strata,  not  inclnding  the  supposed  Laramie,  is  estimated  at 
0  feet. 

16  following  paragraphs  are  offered  as  a  partial  summary  of  the 
^oing  statements  and  discussions : 

has  been  shown  that  four  more  or  less  distinctly  definable  groups 
rata  are  recognized  as  constituting  the  Upper  Cretaceous  series  of 
portion  of  the  Texan  region  which  lies  east  of  the  Paleozoic  area 
'exas,  namely,  the  Bipley,  Austin,  Eagle  Ford,  and  Timber  Creek 
lations.  The  Upper  Cretaceous  series  of  that  portion  of  tbe  Texan 
>n  which  lies  west  of  the  Paleozoic  area  is  there  capped  by  the  Lara- 
which  is  treated  in  tbis  memoir  as  a  portion  of  tbe  Upper  Cre- 
ou».  The  Upper  Cretaceous  strata,  which  lie  beneath  tbe  Laramie 
estern  Texas,  apparently  are  not  so  distinctly  separable  into  differ- 
formations,  either  stratigraphically  or  paleontologically,  as  is  tbe 
^spending  series  in  eastern  Texas,  but  tbe  discovery  of  character- 
fossils  of  each  of  the  formations  of  the  eastern  section  in  strata 
le  western  one  leaves  no  room  for  reasonable  doubt  as  to  the  real 
valency  of  the  two  sections  as  represented  by  tbe  diagram  on 
)  130. 

lis  lack  of  separate  definition  of  formations  observable  in  the  Upper 
aceous  series  of  tbe  western  part  of  tbe  Texan  region  is  also  ob- 
able  iu  tbe  Upper  Cretaceous  of  the  North  Mexican  region.  For 
(iple,  tbe  Timber  Creek  formation  of  eastern  Texas,  which  is  re- 
ed as  equivalent  to  tbe  Dakota,  is  not  recognized  as  a  distinct 
ation  in  eitlier  tbe  western  district  of  the  Texan  region  or  in  the 
;h  Mexican  region,  but  certain  strata  at  the  base  of  the  Upper  Cre- 
3U8  in  that  district  are  recognized  as  representing  the  Timber  Creek 
latiou  because  of  the  presence  in  them  of  some  of  its  characteristic 
ue  fossils. 

;ain,  fossils  which  characterize  the  Eagle  Ford,  Austin,  and  Bipley 
ations  of  eastern  Texas  are  found  in  similar  vertical  order  of  occur- 
e  in  tbe  Ui)per  Cretaceous  series  of  tbe  North  Mexican  region  as 
as  iu  that  of  tbe  western  part  of  the  Texan  region ;  but  our  present 
;?lcdgc  of  tbe  strata  composing  the  Upper  Cretaceous  series  there 
not  justify  their  grouping  into  formations  so  distinctly  definable  as 
tho^e  that  have  just  been  named,  or  as  those  which  in  other  regions 
'egarded  as  tbe  true  equivalents  of  tbis  series.  Besides  this,  the 
imio  formation  iu  these  two  regions,  as  well  as  elsewhere  toward 
north,  blends  so  intimately  with  tbe  next  formation  beneath  it  that 
lorizon  of  their  interdelimitation  has  been  recognized  as  identical 
that  at  which  tbe  change  from  a  marine  to  a  brackish-water  fauna 
place. 
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The  foregoiug  statements  show  that  we  are  not  now  able  to  treat  the 
Upper  Cretaceous  of  the  North  Mexican  region  and  of  the  adjacent 
western  part  of  the  Texan  region  under  the  head  of  separate  foi-mations 
80  satisfactorily  as  we  are  to  thus  treat  its  equivalent  series  of  strata 
elsewhere.  Therefore  the  Upper  Cretaceous  strata  of  the  North  Mexi- 
can region  are  in  this  memoir  discussed  or  referred  to  as  a  whole,  except 
in  those  cases  of  separate  recognition  of  the  Laramie  formation  and  of 
the  Eagle  Pass  beds.  In  thus  discussing  them,  however,  it  is  not  in- 
tended to  assume  that  further  study  of  the  North  Mexican  Upper  Cre- 
taceous strata  may  not  show  good  reason  for  their  separation  into  sev- 
eral more  or  less  distinct  formatioiis. 

The  Upper  Cretaceous  strata,  which  for  the  western  part  of  the  Texan 
region  were  designated  as  the  Eagle  Pass  beds,  have  been  recognized 
at  several  places  in  the  valley  of  the  Bio  Grande,  on  the  Mexican  as 
well  as  on  the  Texan  side  of  that  river,  ranging  from  a  point  a  few 
miles  above  the  town  of  Piedras  Negras  to  one  within  a  few  miles  of 
Laredo.  Exposures  of  equivalent  strata  occur  in  and  near  the  valley 
of  Sabinas  River,  in  the  central  part  of  the  Mexican  State  of  Cohahnila, 
as  well  as  at  a  few  localities  between  the  Bio  Sabinas  and  the  Bio 
Grande  in  the  same  State.  They  have  also  been  observed  at  several 
points  in  the  northern  part  of  the  State  of  Chihuahua,  where  some  of 
the  exposures  embrace  strata  which  are  believed  to  represent  the  whole 
range  of  the  Upper  Cretaceous  as  it  is  knowh  in  the  Texan  and  South 
Interior  regions,  and  where  they  are  capped  by  strata  believed  to 
belong  to  the  Laramie,  as  that  formation  caps  the  Upper  Cretaceous  in 
the  last-named  regions. 

It  has  been  shown  that  strata  bearing  characteristic  fossils  of  the 
lower  marine  member  of  the  Upper  Cretaceous  of  the  two  interior  re- 
gions are  found  superimposed  upon  the  Lower  Cretaceous  in  the  Sierra 
San  Carlos  and  at  other  places  in  the  State  of  Chihuahua.  At  the 
locality  not  far  from  the  town  of  Presidio  del  Norte  the  whole  Upper 
Cretaceous  series  seems  to  be  present  and  to  reach  a  thickness  of  mot  less 
than  5,000  feet,  not  including  the  strata  provisionally  referred  to  the 
Laramie  formation.  This  Upper  Cretaceous  section,  when  added  to 
the  Lower  Cretaceous  as  observed  elsewhere  in  the  North  Mexican 
region,  gives  an  estimated  aggregate  thickness  of  more  than  10,000  feet 
for  the  whole  system  as  it  is  represented  in  that  region. 

The  Laramie,^  which  is  such  an  important  formation  in  the  two  in- 
terior regions,  is  also  an  important  one  in  the  North  Mexican  region, 
especially'  in  the  States  of  Chihuahua,  Cohahuila,  and  Nuevo  Leon.  Its 
presence  in  th^  first-named  State  has  just  been  mentioned,  and  it  is 
also  well  developed  in  the  Sabinas  Valley,  in  Cohahuila,  where  it  is  an 
important  coal-bearing  formation.^ 

'  The  characteristica  of  this  formation  are  discaMed  on  following  pages. 
*  See  Am.  Jonr.  Sci.,  1887,  vol.  33,  pp.  18-20. 
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It  has  also  been  recognized  by  its  characleristio  fossils  as  far  soath 
as  tbe  vicinity  of  Lampazos,  in  the  State  of  Naevo  Leon.^  In  this 
State^  near  to  the  Bio  Grande,  as  well  as  on  the  Texan  side  of  that 
river,  it  has  been  fonnd  to  rest  upon  the  equivalent  of  the  Eagle  Pass 
beds  and  in  turn  to  pass  by  a  gentle  southerly  dip  beneath  the  marine 
Eocene  beds  which  occur  there.' 

The  stratigraphical  relation  of  the  Laramie  to  the  immediately  under- 
lying marine  Cretaceous  formation  is  quite  as  intimate  in  the  North 
Mexican  region  as  it  is  elsewhere.  The  two  formations  appear  to  have 
been  the  result  of  continuous  sedimentation,  their  interdelimitation 
being  marked  only  by  a  material  change  in  the  paleontological  character 
of  the  strata.  Tbe  characteristics  and  limitations  of  the  Laramie  for- 
mation^ however,  will  be  discussed  in  connection  with  the  formations  of 
the  South  Interior  region. 

The  leading  feature^  of  the  Cretaceous  geology  of  the  North  Mexican 
region  are  similar  to  those  of  the  Texan  region ;  that  is,  the  same 
formations,  and  no  others,  are  represented  in  one  region  that  occur  in 
the  other,  with  the  apparent  exception  of  the  Trinity  formation,  which 
has  not  yet  been  satisfactorily  identified  in  the  North  Aiexican  region. 
Therefore^  according  to  our  present  knowledge,  the  Comanche  Series 
alone  constitutes  the  Lower  Cretaceous  of  this  region.  The  series  here, 
however,  is  lithologically  different  from  what  it  is  farther  eastward, 
being  composed  mainly  of  compact  limestone;  and  it  also  reaches  a 
much  greater  thickness  than  it  is  known  to  attain  in  any  part  of  the 
Texan  region. 

The  Upper  Cretaceous  series  apparently  is  as  well  developed  in  this 
region  as  it  is  in  any  other  part  of  the  continent,  and  it  embraces  a  full 
representation  of  all  the  formations  that  occur  in  the  great  interior 
area,  including  the  Laramie  and  the  marine  strata  which  are  under- 
stood to  represent  the  Dakota  formation. 

The  imperfection  of  the  foregoing  account  of  the  formations  which  in 
the  North  Mexican  region  are  referable  to  the  Cretaceous  system  is  due 
to  our  present  imperfect  knowledge  of  them.  Therefore  a  complete 
statement  of  the  upper  and  lower  delimitations  of  the  system  as  it  is 
developed  there  can  not  be  expected.  The  facts  at  present  known, 
however,  indicate  that  the  system  is  there  limited  by  the  base  of  the 
Comanche  series  beneath  and  by  the  top  of  the  Laramie  formation 
abova 

Because  it  is  evident  that  the  Comanche  series,  fully  as  it  is  developed 
in  the  North  Mexican  region,  does  not  represent  the  earliest  epoch  of 
Cretaceous  time  in  North  America,  it  is  expected  that  earlier  Creta- 
ceous deposits  may  yet  be  discovered  in  that  region  beneath  the  Co- 

>See  Am.  Jour.  Soi.,  1883,  vol.  25,  pp.  207-209. 

*Seo  A  m.  Jour.  Sci.,  1888,  voL  35,  pp.  432-138.  A  ftmall  ^Uection  of  foBsiU  has  been  obtained  by  Prof. 
O.  St.  John  from  an  artesian  boring  in  strata  at  La  Zarra.  in  the  State  of  Tamaulipaa,  which  possibly 
represent  the  Laramie  whore  it  merges  into  a  marine  formation.  As  Prof.  St.  John's  obflervations 
were  unavoidably  limited,  the  fact  mentioned  can  be  regarded  only  as  a  very  saggMtivo  one» 
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manche.  At  present,  however,  we  know  of  no  sacli  deposits  there,  and 
the  latest  strata  that  the  Comanche  series  has  been  fonnd  to  rest  upon 
in  that  region  are  of  Garboniferoas  age.  In  some  places,  for  example 
in  the  Sierra  San  Carlos,  they  seem  to  rest  upon  earlier  rocks  than  the 
Oarboniferons. 

The  Laramie  formation  appears  to  reach  full  development  in  this 
region.  Its  strata  underlie  and  apparently  pass  gradually  up  into  ma- 
rine Eocene  strata  in  the  southeastern  part  of  the  region.  Further- 
more, some  imperfect  molluscan  fossils  which  have  been  fonnd  in  the 
Laramie  strata  there  seem  to  indicate  that  its  fauna  was,  in  that  dis- 
trict, influenced  by  neighboring  marine  conditions,  but  the  evidence 
upon  this  point  is  slight.  Farther  inland  the  Laramie  has  not  been 
fonnd  overlain  by  any  other  deposits  than  the  loose  d6bris  that  has  re- 
sulted from  the  great  erosion  which  has  been  referred  to ;  that  is,  it 
has  not  there  been  fonnd  overlain  by  such  lacustrine  deposits  as  are 
found  resting  upon  it  in  some  parts  of  both  of  the  interior  regions. 

It  has  already  been  stated  that  the  full  Upper  Cretai^ous  series  of 
the  Texan  and  of  the  South  Interior  region  is  represented  in  the  North 
Mexican  region.  Therefore  the  lower  delimitation  of  the  Upper  Cre- 
taceous there  is  understood  to  be  by  those  marine  strata  which  are 
regarded  as  the  equivalent  of  the  Dakota  formation. 

The  uppermost  strata  of  the  Comanche  series  in  the  North  Mexican 
region  are  thought  to  be  equivalent  to  the  uppermost  strata  of  that 
series  in  the  Texan  region.  The  upper  delimitation  of  the  Lower  Cre- 
taceous is  therefore  understood  to  be  the  same  in'both  regions,  as  is 
also  thjB  time-hiatus  between  the  Upper  and  Lower  Cretaceous.  No 
suggestion  other  than  that  to  be  inferred  from  the  tables  of  sections  on 
following  pages,  is  at  present  offered  as  to  the  extent  of  that  hiatus,  or 
as  to  what  portion  of  the  time  which  it  represents  ought  to  be  referred 
to  each  of  the  two  divisions  of  the  system. 

The  Upper  Cretaceous  of  the  North  Mexican  region  being  regarded 
as  the  full  equivalent  of  that  of  the  western  part  of  the  Texan  xegion, 
its  recognized  upper  and  lower  delimitations  are  based  upon  the  same 
data.  The  Lower  Cretaceous  of  the  Texan  region,  consisting  only  of 
the  Comanche  series,  is  of  course  delimited  by  the  well  marked  pale- 
ontological  and  stratigraphical  characteristics  of  that  series. 

THE  GREAT  INTERIOR  AREA. 

Although  some  of  the  boundaries  which  have  been  selected  for  the 
Cretaceous  regions  of  North  America  are  in  large  part  arbitrary,  most 
of  those  of  the  three  regions  which  have-been  discussed  on  preceding 
pages  are  sufficiently  natural  to  have  been  advantageously  recog- 
nized in  those  discussions.  Coming  now  to  the  central  portion  of  the 
continent,  we  find  the  Cretaceous  formations  there  to  occupy  an  area 
which  is  so  very  large  that  it  is  inconvenient  to  discuss  them  under 
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the  head  of  a  single  region.  Wc  also  find  that  because  of  their  greater 
irregularity  and  obscurity  it  is  even  more  difficult  to  define  the  bound- 
aries of  this  great  area  in  a  satisfactory  manner  than  it  was  those  of 
the  three  regions  just  mentioned.  These  conditions  have  arisen  from 
the  extensive  denudation  and  from  the  intricate  displacements  which 
the  Cretaceous  formations  have  suffered  there,  and  from  the  superposi- 
tion of  later  formations  and  of  debris  resulting  from  erosion,  which  have 
covered  them  from  sight  over  large  districts. 

For  the  present  purpose,  however,  the  eastern  boundary  of  the  g'reat 
Cretaceous  area  of  the  interior  may  be  designated  as  correspond- 
ing to  the  western  border  of  the  great  Paleozoic  area  which  extends 
northward  and  southward  through  the  central  part  of  the  continent, 
and  which  terminates  by  a  comparatively  narrow  prolongation  in  the 
Texan  region,  as  has  already  been  shown.  Tracing  the  line  of  such  a 
boundary,  we  find  it  to  extend  northward  through  western  Texas  to  the 
southern  boundary  of  Kansas,  near  the  northwestern  corner  of  Indian 
Territory,  thence  northeastward  to  northeastern  Kansas,  thence  north- 
ward through  eastern  Nebraska  to  the  mouth  of  Big  Sioux  River,  thence 
north  to  the  Red  River  of  the  North  and  down  that  river  to  its  mouth  at 
the  southern  end  of  Lake  Winnipeg,  and  thence  northwestward  to  the 
northeast  corner  of  the  district  of  Athabaska.  The  western  boundary 
of  this  great  area  may  be  designated  as  approximately  corresponding  to 
the  line  of  the  great  watershed  wbich  separates  the  Pacific  drainage 
from  that  of  the  Arctic  and  Atlantic  Oceans,  and  as  extending  from  the 
sixtieth  parallel  of  north  latitude  to  where  the  watershed  line  meets  the 
one  hundred  and  thirteenth  meridian  in  western, Montana,  thence  south 
upon  that  meridian  to  the  thirty-third  parallel  of  north  latitude,  which 
has  been  chosen  as  the  north  boundary  of  the  North  Mexican  region.  A 
natural  northern  boundary  can  not  now  he  definitely  indicated,  because 
so  little  is  yet  known  of  tbe  geology  of  that  far  northern  portion  of  the 
continent.  The  sixtieth  parallel  of  north  latitude,  which  constitutes  the 
north  boundary  of  the  district  of  Athabaska  and  that  of  the  province  of 
British  Columbia  has  been  chosen  for  the  north  boundary  of  this  region 
both  for  present  convenience  and  because  it  approximately  corresponds 
to  the  present  northern  limit  of  systematic  geological  investigation. 
The  southern  boundary  of  the  great  area  is  identical  in  part  with  the 
northwestern  boundary  of  the  Texan  region,  and  in  part  with  the 
north  boundary  of  the  North  Mexican  region,  as  they  have  been  re- 
spectively indicated  on  the  preceding  pages  and  shown  on  the  small 
map  (PL  I,  p.  72). 

It  being  inconvenient  to  discuss  this  great  area  as  a  single  region,  I 
have  divided  it  by  a  line  which  corresponds  to  the  course  of  Platte 
River  from  its  mouth  to  the  mouth  of  the  North  Platte,  thence  to  a  line 
coincident  with  the  course  of  the  latter  stream,  extending  westward  to 
the  point  of  its  nearest  approach  to  the  forty-third  parallel  of  north 
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latitade,  and  thence  to  a  line  coincident  with  that  parallel  and  extending 
to  the  western  boundary  of  the  Great  Interior  area.  Thai  portion  of  the 
area  which  lies  north  of  this  line  I  have  designated  the  North  Interior 
region  and  that  portion  south  of  it  the^outh  Interior  region. 

During  a  namber  of  years  past  evidence  has  been  accnmulating  that 
the  Cretaceous  area  of  the  central  portion  of  the  continent  was  origi- 
nally much  greater  than  that  which  is  included  within  the  boundaries 
that  have  just  been  indicated.  That  is,  there  is  evidence  that  a  con- 
siderable portion  of  the  great  interior  Paleozic  region,  which  lies  east 
of  and  adjacent  to  the  eastern  border  of  the  interior  Cretaceous  area,  as 
it  has  just  been  defined,  was  originally  covered  by  Cretaceous  deposits, 
and  that  these  were  mostly  removed  by  Tertiary  denudation  and  the  re- 
mainder obscured  by  the  action  and  accumulation  of  the  great  northern 
drift.  In  Iowa  and  Minnesota,  for  example,  many  small  outliers  and 
limited  accumulations  of  both  disturbed  and  undisturbed  Cretaceous 
strata  have  been  found  resting  directly  upon  Paleozoic  rocks  of  various 
epochs  and  also  upon  Archean  rocks.  Besides  tbese  remnants  of  undis 
turbed  Cretaceous  strata  much  material,  wliich  was  evidently'  derived 
from  the  same  original  deposits,  has  been  found  in  many  places  mixed 
with  the  glacial  drift.  These  discoveries  indicate  that  the  Upper  Cre- 
taceous sea  extended  in  some  places  fully  as  far  eastward  as  the  present 
channel  of  the  Mississippi  River,  and  that  it  probably  occupied  certain 
adjacent  portions  of  western  Wisconsin  and  Illinois,  an<l  perhaps  also 
of  northern  Missouri.  The  district  within  which  the  remnants  and  debris 
of  the  Cretaceous  formations  referred  to  are  found  is  so  great  that  if  it 
were  included  in  the  present  Great  Interior  Cretaceous  area  its  eastern 
boundary  would  be  extended  more  than  200  miles  farther  eastward  than 
the  one  which  has  been  indicated  in  the  definition  given  in  a  previous 
paragraph. 

Because  of  the  incompleteness  of  the  information  which  has  yet  been 
published  concerning  these  small,  isolated,  %nd  widely  scattered  expo- 
sures of  Cretaceous  deposits  they  will  not  be  discussed  in  connection 
with  the  formations  of  any  of  the  regularly  defined  regions,  but  the  dis- 
trict within  which  they  occur  will  be  included  among  the  extra-regional 
districts  which  are  to  be  briefly  discussed  on  following  pages. 

Except  along  its  western  border,  the  Great  Interior  area  is  a  compar- 
atively plain  country,  in  which  the  Cretaceous  formations  lie  approxi- 
mately horizontal.  Along  its  western  portion  these  formations  have 
suffered  much  displacement  by  the  numerous  erogenic  uplifts  which 
have  taken  place  since  the  close  of  the  Cretaceous  period.  Coincident 
with  those  uplifts  was  the  principal  part  of  the  great  epeirogenic  move- 
ment by  which  the  formations  of  the  more  level  portion  of  the  area  have 
reached  their  present  elevation,  ranging  from  a  little  less  than  1,000 
feet  to  more  than  5,000  feet  above  the  sea.  It  is  from  the  western  bor- 
der of  these  higher  levels  of  comparatively  undisturbed  strata  that  the 
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abrupt  orogenic  aplifts  rise,  giving  grand  exposares  of  the  Gretaceoas 
formations  such  as  are  to  be  seen  at  the  base  of  the  Rocky  Mountain, 
and  other  ranges.  Besides  these  abrupt  uplifts,  the  evidence  of  which 
is  so  conspicuous  at  the  base  of  the  ranges  mentioned,  those  portions  of 
the  Cretaceous  formations  which  are  found  in  the  higher  intervales  and 
among  the  mountiiins  are,  as  a  rule,  also  much  disturbed. 

The  chief  of  the  orogenic  movements  which  have  occurred  within 
this  area  are  those  which  have  resulted  in  the  great  Rocky  Mountain 
system  of  ranges,  which  extends  entirely  through  it  from  north  to 
south.  Other  movements,  which  apparently  were  simultaneous  with 
this,  resulted  in  the  elevation  of  other  ranges,  several  of  which,  of 
less  exteut  than  the  others,  lie  west  of  the  Rocky  Mountain  system 
proper.  The  uplifting  of  these  ranges  has,  with  slight  if  any  excep- 
tions within  this  great  area,  brought  up  all  the  Upper  Cretaceous 
formations,  including  the  Laramie,  to  such  a  height  that  now  they  are 
sometimes  found  at  an  elevation  of  10,000  feet  or  more  above  the  level 
of  the  sea. 

The  formations  of  the  Great  Interior  area  which  in  this  memoir  are 
referred  to  the  Cretaceous  system  or  are  discussed  as  being  intimately 
connected  with  those  which  are  unquestionably  of  that  age  are  in  part 
of  marine,  in  part  of  brackish,  and  in  part  of  fresh  water  origin.  That 
is,  while  a  part  of  those  formations  had  their  origin  in  open  sea  waters, 
as  is  shown  by  the  character  of  their  fossils,  others  are  as  plainly 
shown  CO  be  of  non-marine  origin,  they  evidently  having  been  deposited 
in  interior  waters,  or  those  which  respectively  were  either  wholly  or 
almost  entirely  landlocked. 

It  is  an  interesting  fact,  as  beariiig  upon  the  subject  of  Mesozoic  con- 
tinental conditions,  that  the  Kootanie  formation,  the  only  member  of 
the  Lower  Cretaceous  yet  recognized  in  this  great  area,  and  also  the 
Dakota  formation,  th*e  oldest  member  of  the*  Upper  Cretaceous,  are  of 
non-marine  origin,  and  that  the  latter  formation  was  immediately  suc- 
ceeded by  two  others  of  true  marine  origin,  namely,  the  Colorado  and 
Montana  formations.  These  two  marine  Upper  Cretaceous  formations 
were  in  turn  succeeded  by  the  non-marine  Laramie  formation,  and  in 
the  northern  part  of  the  area  another  non-marine  formation,  namely, 
the  Belly  River  formation,  is  intercalated  between  the  Colorado  and 
Montana  formations.  It  thus  appears  that  during  Cretaceous  time,  as 
it  is  represented  by  the  formations  of  this  continent,  great  portions  of 
its  present  interior  were  alternately  above  and  below  sea  level.  Indeed, 
a  large  proportion  of  the  North  American  Cretaceous  formations  relate 
to  continental,  rather  than  to  marine  conditions.^ 

The  uppermost  of  the  marine  Cretaceous  formations  of  the  Great  In- 
terior area  seem  to  have  been  of  as  late  origin  as  any  marine  Creta- 

*  There  is  also  evidence  that  daring;  the  pre-CretAoeoas  portion  of  Mesosoio  time  continental  oondl* 
tlons  prerailed  over  the  greater  part  of  the  present  continent. 
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ceons  strata  that  are  cow  known  to  exist  within  the  Atlantic  Border, 
Gulf  Border,  Texan,  or  North  Mexican  regions.  Therefore  the  Creta- 
ceous age  of  the  non-marine  Laramie  formation,  and  of  the  Pnerco,  Ara- 
paho,  and  Denver  beds,  all  of  which  lie  iibove  the  marine  Cretaceous 
strata  in  the  interior  area  and  which  are  to  be  discussed  in  following 
paragraphs,  may  naturally  be  questioned  in  the  absence  of  paleontolog- 
ical  evidence.  Paleontological  evidence  in  the  case  of  these  overlying 
formations  is,  as  a  whole,  so  conflicting  that  when  all  of  it  is  taken  into 
consideration  it  is  difficult  to  reach  a  definite  conclusion  as  to  their  tax- 
onomy. Those  who  have  studied  the  fossil  vertebrates  alone,  and  those 
who  have  attempted  the  study  of  these  formations  with  little  or  no  ref- 
erence to  paleontology,  have  generally  referred  them  to  the  Cretaceous 
system ;  the  former,  mainly  on  the  ground  of  their  containing  dinosau- 
rian  remains,  and  the  latter  because  of  their  intimate  stratigraphical 
relationship  to  an^  of  their  common  involvement  with  undoubted  marine 
Cretaceous  strata  in  erogenic  folds  and  other  displacements.  So  far 
at  least  as  concerns  the  Laramie  formation  which  rests  directly  upon 
the  marine  Cretaceous  strata  referred  to,  there  are  certain  other  condi- 
tions which  bear  upon  the  question  of  its  true  geological  age.  This 
question  has  been  discussed  by  myself  in  a  former  publication,^  where 
reasons  are  given  for  provisionally  including  the  Laramie  among  the 
Cretaceous  formations,  notwithstanding  the  Tertiary  character  of  cer- 
tain of  its  fossils  and  its  superposition  upon  the  latest  known  marine 
Cretaceous  strata.  Those  reasons  will  be  further  considered  in  follow- 
ing paragraphs. 

For  many  years  after  the  geology  of  the  G-reat  Interior  area  began 
to  be  studied  none  of  the  strata  which  in  this  memoir  are  referred  to 
the  Lower  Cretaceous  were  known  to  exist  there.  That  is,  all  the  then 
known  Cretaceous  formations  are  in  this  memoir  referred  to  the  Upper 
Cretaceous,  the  Dakota  formation  being  the  earliest  one  then  known 
in  all  that  great  area.  The  earlier  investigators  there  also  always  re- 
ferred the  strata  which  are  now  known  as  the  Laramie  formation  to 
the  Tertiary.  Therefore  the  only  Cretaceous  strata  which  were  then 
recognized  in  all  that  area  are  embraced  in  the  section  commonly  known 
iis  the  Upper  Missouri  Eiver  section,  which  ranges  only  from  the  Da- 
kota to  the  Fox  II ills  member  of  that  section  inclusive.'  This  section 
was  first  published  by  Meek  &  Hayden,  and  it  has  long  been  recog- 
nized as  the  standard  for  reference  in  the  study  of  the  Cretaceous  de- 
posits of  all  the  interior  portion  of  the  continent.  Within  its  vertical 
range  it  is  in  substance  still  so  used,  although  it  has  been  modified  by 
various  authors  for  different  portions  of  that  great  area  and  also  for 
general  use  there,  the  changes  referred  to  being  mainly  confined  to  dif- 
ferences in  nomenclature  and  in  the  grouping  of  the  strata  which  con- 

*  Am.  Joar.  Soi.,  1888,  vol.  85,  pp.  432-438. 

*  Proa  Acad.  Nat.  SoL  Phlla.,  1866,  toL  8^  pp.  2IW-288. 
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stitute  the  aection.  The  following  table  represents  this  section  compared 
with  the  modification  of  it  which  has  been  adopted  in  this  memoir.^ 

Upper  MisBOiiri  aection  of  Adopted  modification  of 

Meek  &.  HaydeD.  the  same. 

.LaterCretaceo.«..JNo.5.  fl^  Hi^l^-^^Pp-;  J  .-. Montana  formation. 

.  Earlier  Cretaceon.     So.  2.  j4rtB:ntrg?o„p  .  \ Colorado  formation. 

(  No.  1 .  Dakota  group ^ Dakota  formation. 

The  above  modification  of  the  Upper  Missouri  section  does  not  inclade 
the  Kootanie,  Belly  River,  and  Laramie  formations,  all  of  which  are 
now  known  to  occur  in  the  Great  Interior  area,  because  they  either  were 
not  known  to  exist,  or  were  not  recognized  as  Cretaceous  formations 
when  the  Upper  Missouri  section  was  first  published.  The  relation  of 
those  three  formations  to  the  three  whose  names  are  given  in  the  above 
modification  will  be  shown  on  following  pages. 

It  is  proper  to  mention  here  that  in  the  discussion  of  the  formations 
of  the  North  Interior  region  it  will  appear  that  it  is  more  difficult  to  rec- 
ognize in  its  western  part  the  separate  divisions  of  the  Meek  &  Hay- 
den  section,  or  even  those  of  its  modification,  than  it  is  in  the  eastern 
part. 

The  Laramie  formation  has  been  noticed  several  times  on  preceding 
pages  with  reference  to  the  formations  which  occur  in  the  three  regions 
that  have  already  been  discussed,  but  because  that  great  formation 
prevails  in  both  the  South  and  North  Interior  regions  and  extends 
through  the  whole  length  of  the  Great  Interior  area,  as  well  as  into 
portions  of  the  Texan  and  North  Mexican  regions,  it  seems  desirable 
to  present  some  remarks  upon  its  characteristics  as  a  whole  before  pro- 
ceeding to  a  discussion  of  the  separate  formations  of  each  of  the  two 
Interior  regions. 

The  present  geographical  outlines  of  the  area  within  which  strata  of 
this  formation  occur  are  not  yet  well  known,  but  it  apparently  is  as  great 
as  that  within  which  any  other  North  American  formation  has  been 
observed.  Their  presence  has  been  recognized  at  so  many  and  such 
widely  separated  localities  that  they  safely  may  be  assumed  to  once 
have  formed  a  continuous  deposit  from  near  the  twenty-sixth  to  near  the 
fifty-fifth  parallel  of  north  latitude,  and  in  certain  districts  from  near  the 
one  hundred  and  third  to  near  the  one  hundred  and  fifteenth  meridian. 
That  is,  it  is  evident  that  this  formation  originally  consisted  of  a  contin- 

*  This  modification  is  the  same  as  that  of  Newberry,  Powell,  and  White,  as  will  be  shown  on  follow- 
ioc  P*gM«  but  the  nomenclatnre  is  that  of  Mr.  Geo.  H.  Eldridge  as  proposed  by  him  in  Am.  Joar.  Sci., 
1889,  TOl.  33,  pp.  313-321,  except  that  the  term  formation  has  been  sabstitated  for  that  of  gronp. 

*  The  terms  earlier  and  later  were  not  applied  by  Meek  Sc  Hayden  in  the  first  pablication  of  their 
section,  bat  they  were  afterwards  used  by  them.  See  Dana's  Manual  of  Geology,  2d  ed.,  pp.  466, 467. 
In  Am.  Jnnr.  Sci.,  1880.  vol.  38,  pp.  120-127,  Dr.  Creo.  M.  Dawson  used  these  terms  in  a  different  sense, 
applying  them  to  those  strata  which  in  this  memoir  are  referred  to  the  Upper  and  Lower  Cretaoeoas 
respectiyely. 

Bull.  82 10 
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UOU8  deposit  nearly  or  quite  2,000  miles  long  from  north  to  south  and 
more  than  500  miles  across  from  east  to  west.^ 

In  thickness  the  Laramie  formation  varies  greatly  in  different  dis- 
tricts, a  part  of  wliich  variation  is  due  to  erosion  and  a  part  to  the  dif- 
ference in  the  amount  of  material  originally  deposited.  lu  western 
Colorado  it  has  been  found  to  be  nearly  4,000  feet  thick,  and  in  Cana- 
dian territory  its  maximum  thickness  is  reported  to  be  much  greater. 
Mr.  W.  Lindgren  reports  a  still  greater  thickness  for  the  Laramie  in 
Montana,  but  this  matter  will  be  further  referred  to  in  connection  with 
the  discussion  of  tbe  Belly  River  formation.  Often,  however,  the  Lara- 
mie formation  is  much  thinner,  sometimes  reaching  a  maximum  of  only 
a  few  hundred  feet  within  large  districts. 

In  lithological  character  the  Laramie  formation  is  remarkably  uni- 
form throughout  both  its  geographical  and  vertical  extent,  and  it  seems 
everywhere  to  have  been  the  result  of  continuous  sedimentation  from 
base  to  top.  Its  strata  within  the  whole  of  the  great  area  which  they 
occupy  are  mostly  composed  of  sandy  material,  but  frequently  they 
are  more  or  less  argillaceous,  and  rarely  calcareous.  Sandstones  of 
much  firmness  often  occur  among  them,  but  a  large  part  of  the  sandy 
strata  are  soft  and  friable.  Shaly  strata  not  infrequently  occur,  and 
these  are  often  carbonaceous.  The  formation  throughout  its  whole  ex- 
tent is  coal-bearing,  and  fossilized  wood  and  other  plant  remains  are 
often  abundant. 

The  paleontological  characteristics  of  the  Laramie  formation  are  to 
a  great  degree  constant  throughout  its  great  geographical  and  vertical 
extent,  although  its  strata  appear  to  be  unfossiliferous  within  compar- 
atively large  districts.  Few  or  no  fossil  invertebrate  forms,  similar  to 
those  which  now  specially  characterize  marine  faunas  have  been  found 
in  any  of  them,  and  it  is  reasonable  to  assume  that  no  true  marine  fauna 
existed  in  the  waters  in  which  these  strata  were  deposited.  Remains  of 
brackish- water  molluscan  forms,  including  Ostrea,  Anomia^  Corbula,  CoT' 
bicula,  SkuANeritina  are  frequently  found  in  strata  alternating  with  others 
containing  only  fresh-water  forms,  such  as  Unio,  Vivipartis  and  Oonio- 
basis}  The  molluscan  faunas  of  both  brackish  and  fresh-water  origin 
which  characterize  the  Laramie  formation  have  remarkable  integrity 
throughout  both  its  vertical  and  geographical  extent. 

The  plant  remains  which  are  found  so  plentifully  in  the  Laramie^  show 
that  an  abundant  flora  prevailed  throughout  the  whole  region  in  which 


1  The  geologists  of  the  Canadian  Geological  Sarrey  have  discovered  deposits  containing  Laramie 
species  of  plants  at  certain  localities  for  north  of  the  northern  limit  of  tbe  Laramie  area  here  indU 
cated,  bnt  it  is  probable  that  while  tnose  deposits  may  have  been  conteinporaneous  with  the  Laramie 
they  were  made  in  separate  bodies  of  water.  Therefore  it  is  not  yet  necessary  to  oonchide  that  the 
Laramie  soa  extended  so  far  north  as  the  far  northern  localities  referred  to. 

See  Dr.  G.  M.  Dawson's  table  on  a  following  p«ge  and  in  Rep.  Geol.  Sorv.  Canada  for  1){87>88,  part 
I.    See  also  Dawson,  J.  W.,  Trans.  Boy.  Soc.  Canatla,  vol.  7,  sec.  4,  pp.  69-74. 

*  For  a  summary  of  tbe  invertebrate  fossils  of  the  Laramie  group,  see  White.  C.  A.,  Review  of  the 
Non-Marine  Fossil  MoUosca  of  K.  A.  Third  Ann.  Rep.  U.  S.  Geol.  Survey  for  ia81-'82. 

'For  a  general  account  of  these  remains  see  Ward,  Lester  F.,  Synop.  Flora  Laramie  group,  Sixth 
Ann.  Rop.  XT.  S.  Geol.  Survey  for  l884-'86. 
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its  strata  occur,  and  during  the  whole  time  in  which  they  were  deposited, 
bat  considerable  differences  in  that  flora  have  been  observed  in  differ- 
ent districts  and  at  different  stages  in  the  Laramie.  These  differences 
indicate  that  there  were  greater  changes  in  the  character  of  the  flora 
daring  the  Laramie  epoch  than  there  were  in  that  of  the  moUascan 
fauna  during  the  same  time. 

The  vertebrate  remains  which  have  been  found  in  the  Laramie  forma- 
tion are  those  of  mammals,  reptiles,  and  fishes,  the  latter,  like  the  mol- 
luscan  remains,  indicating  either  brackish  or  fresh -water  conditions  of 
habitat.  The  mammalian  remains  are  those  of  small  animals  of  low 
orders,  which  are  apparently  more  nearly  related  to  some  of  those  which 
have  been  found  in  strata  of  Jurassic  age  than  to  the  Tertiary  faunas 
whose  remains  are  found  in  strata  immediately  overlying  the  Laramie. 
It  is  the  reptilian  remains  that  possess  peculiar  interest  in  connection 
with  the  paleontology  of  the  Laramie  formation,  because  so  large  a  por- 
tion of  them  belong  to  adiuosaurianfauna,  and  because  the  discussions 
concerning  the  geological  age  of  this  formation  have  usually  had  espe- 
cial reference  to  them. 

The  localities  at  which  Laramie  strata  were  first  studied  by  geolo- 
gists were  often  distant  from  one  another,  and  they  were  not  then 
recognized  as  constituting  one  great  formation.  Because  they  were 
found  to  contain  molluscan  remains  of  brackish-water  types,  and  none 
of  exclusively  marine  types,  they  were  generally  spoken  of  by  their 
earlier  investigators  as  estuary  deposits.  These  deposits  having  been 
regarded  as  of  estuarine  origin  those  found  at  each  locality  were  neces- 
sarily thought  to  be  of  limited  extent,  and  they  consequently  received 
a  different  name  in  each  district.  They  thus  have  received  such  names 
as  Fort  Union  group,  Judith  Eiver  group,  Lignitic  group,  and  Bitter 
Greek  series.  The  term  Lignitic  soon  came  to  be  applied  to  the  strata 
of  several  districts  which  are  now  included  in  the  Laramie,  and  it  was 
then  believed  that  they  alone  contained  the  coal  of  that  part  of  the  con- 
tinent. Afterward,  Mr.  King  and  Dr.  Hayden,  recognizing  all  these 
deposits  as  constituting  a  single  formation,  jointly  proposed  the  name 
Laramie  for  it.^  Soon  afterward,  while  studying  the  invertebrate  fauna 
of  this  great  group  and  that  of  those  which  underlie  and  overlie  it,  I 
was  led  to  the  conclusion  that  the  Laramie  strata  were  deposited  in  a 
great  land-locked  sea,^  and  subsequent  investigations  have  confirmed 
that  opinion. 

Those  who  have  itivestigated  only  the  vertebrate  remains  of  the  Lar- 
amie formation  have  referred  it  unqualifiedly  to  the  Oretaceous;''  the 

I  See  XT.  S.  Geol.  Ezpl.  40th  Parallel,  voL  1,  p.  3')1.  Mr.  Kiiij;,  however,  ia  1875,  several  years  before 
the  publication  of  this  volame,  distributed  advance  sheets  of  his  atlas,  apon  which  the  name  Laramie 
was  used. 

■See  BttlL  U.  S.  Geol.  Snrv. Terr.,  1887-'88.  vol. 4,  pp.  724, 866 ;  and  Ann.  Rep.  XT.  S.  GJeol.  Surv.  Terr, 
for  1877,  p.  263. 

*Prof.  Cope  as  early  Hs  1872,  claimed  that  tlio  Laramie  strata  of  Wj'omini;  are  of  Cretaceous  af^e. 
Proo.  Am.  Fbilos.  Soc.,  vol.  12,  pp.  481-483.    See  also  Proc.  4cad.  Nat.  Sci.  Phila.,  vol.  26,  pp.  12^13* 
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judgment  of  paleobotanists  generally  has  been  in  favor  of  its  Tertiary 
age,  especially  of  the  npper  part  of  the  formatioD,  while  students  of  its 
invertebrate  fauna  have  found  the  forms  composing  it  to  be  of  littl<! 
value  in  chronological  inquiry.  The  question  whether  this  great  for- 
mation ought  to  be  referred  to  the  Cretaceous  or  to  the  Tertiary  is  of  for 
less  importance  than  is  the  acquisition  of  all  the  available  facts  relating 
to  it  as  representing  one  of  the  most  interesting  epochs  in  North  Amer- 
ican geological  history.  I  have,  however,  found  it  desirable  to  treat 
the  Laramie  formation  as  holding  a  transitional  position  between  the 
Cretaceous  and  Tertiary;  but  I  have  also  found  it  desirable  ]>rovision- 
ally  to  place  the  whole  of  it  with  the  Cretaceous  formations  lor  dicns- 
sion  in  this  memoir. 

The  alternation  of  brackish  and  fresh  waters  in  one  and  the  same 
part  of  the  Laramie  sen,  evidence  of  which  has  been  observed  in  so 
many  and  so  widely  separated  localities,is  assumed  to  have  been  caused 
by  oscillatory  movements  of  the  bottom.  The  presence  of  remains  of 
an  abundant  laud  flora  and  of  numerous  coal  beds  indicates  that  as  a 
result  of  those  oscillatory  movements  large  portions  of  the  great  Lara- 
mie area  were  from  tiuie  to  time  occupied  by  low  islands. 

Within  a  large  part  of  the  area  which  the  Laramie  formation  is  known 
to  occupy  nothing  is  found  to  rest  upon  it  except  the  surface  debris 
which  has  resulted  from  the  erosion  of  its  own  and  other  strata.  In 
other  part<i,  however,  several  separate  stratified  deposits,  all  of  which 
now  are,  and  originally  were,  of  much  less  geographical  extent  than  the 
Laramie,  are  respectively  found  to  rest  upon  it  and  all  are  of  fresh- 
water origin.  These  formations  are  separable  from  the  Laramie  in  part 
opon  stratigraphical  and  in  part  upon  paleontological  grounds,  but 
they  need  to  be  briefly  mentioned  in  this  connection  to  show  the  upper 
delimitation  of  the  Laramie  and  to  indicate  the  strata  in  which  occur 
the  latest  fossil  forms  that  any  authors  have  regarded  as  of  Cretaceous 
types.  Those  which  have  peculiar  relation  to  the  Laramie  are  the  Wa- 
satch formation,  the  Pnerco  beds,  and  the  Arapaho  and  Denver  depos- 
its. The  others  are  of  later  age  than  any  of  these  and  need  not  be  spe- 
cially discussed  in  this  connection. 

The  Wasatch  formation  is  regarded  as  of  Eocene  age,  and  usually  its 
strata  are  found  to  rest  unconformably  upon  the  Laramie,  but  in  por- 
tions of  Utah,  at  least,  they  rest  conformably  upon  the  strata  of  the 
latter  formation.  Here  also  some  of  the  fresh- water  Laramie  moUuscan 
species  are  found  to  pass  up  into  the  lower  strata  t)f  the  Wasatch  for- 
mation and  to  become  members  of  its  fresh-water  molluscan  fauna.^ 
Some  of  the  Laramie  species  of  plants  have  also  been  identified  in  the 
Wasatch  formation*  None  of  the  Laramie  brackish-water  mollusca, 
however,  and  no  members  of  its  diuosaurian  fauna,  although  occurring 
ill  its  uppermost  strata,  seem  to  have  passed  up  into  the  Wasatch,  even 
where  the  fresh-water  mollusca  have  passed  up  into  that  formation. 


>  BalL  n.  S.  GeoL  Surrey,  No.  84,  vol.  5,  pp.  391-442. 
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FartLermore,  noue  of  the  characteristic  Wasatch  mammalian  remains 
have  been  found  in  the  Laramie  formation,  not  even  in  its  uppermost 
strata,  although  they  occur  in  the  lowermost  Wasatch  strata. 

The  fresh-water  mollusca  which  passed  from  the  Laramie  into  the 
Wasatch  formation  having  belouged  to  gill-bearing  families,  we  neces- 
sarily infer  that  they  had  a  continuously  congenial  aqueous  habitat 
from  the  Laramie  into  the  Wasatch  epoch.  Aqueous  conditions  having 
been  anbrokeu,  sedimentation  must  also  have  been,  at  least  in  some 
places,  continuous  from  the  one  formation  to  the  other.  In  eastern 
Montana  and  western  North  Dakota  the  Laramie  strata  are  similarly 
connected,  by  specific  identity  of  molluscan  remains  and  by  apparent 
continuity  of  sedimentation,  with  those  which  there  are  reported  to 
bear  a  purely  Tertiary  flora,  and  which  have  generally  been  designated 
the  Fort  Union  group. 

In  short  we  find  that  the  Laramie  and  fresh-water  Eocene  formations 
are,  on  the  one  hand,  separated  from  each  other  by  the  great  dissimi- 
larity of  their  vertebrate  faunas  and,  in  many  places,  by  stratigraphical 
unconformity,  and,  en  the  other  hand,  that  they  are  closely  connected 
with  each  other  by  specific  identity  of  some  of  their  molluscan  remains 
and,  in  some  places,  by  continuity  of  sedimentation.  In  the  latter  cases 
there  is  no  time-hiatus  between  the  Laramie  and  the  fresh- water  Eocene, 
and  we  also  find  their  intenlelimitation  paleontologically  incomplete. 
In  these  cases  the  upper  limit  of  the  Laramie  formation  is  taken  to 
coincide  with  the  upper  limit  of  the  upward  range  of  brackish -water 
molluscan  fossils  which  appears  to  coincide  closely  with  the  limit  of  the 
upward  range  of  dinosaurian  remains  and  the  downward  limit  of  the 
range  of  Eocene  mammalia,  especially  of  the  Goryphodouts. 

In  northwestern  New  Mexico  and  southwestern  Colorado  an  assem- 
blage of  strata  is  found  resting  upon  the  Laramie  that  structurally  is 
not  clearly  distinguishable  from  the  Wasatch.  These  strata,  however, 
contain  remains  of  a  vertebrate  fauna  which  Prof.  Cope  finds  to  be 
very  different  from  that  of  any  other  known  North  American  forma- 
tion. Because  of  this  he  has  given  them  a  separate  name,  that  of  the 
Puerco  group,'  but  which  I  designate  as  the  Puerco  beds  because  I  do 
not  now  regard  that  assemblage  of  strata  as  structurally  coordina!;e 
with  those  to  which  the  term  formation  is  generally  applied.  Because 
of  certain  characteristics  possessed  by  the  vertebrate  fauna  of  these 
Puerco  strata,  Prof.  Cope  refers  them  to  the  Cretaceous  system,  al- 
though that  fauna  contains  some  admitted  Tertiary  types.  No  S[)ecie8 
of  any  kind  are  yet  known  to  pass  from  the  Laramie  up  into  the  Puerco, 
but  it  is  probable  that  some  of  the  molluscan  forms  of  the  latter  group 
are  common  to  the  Wasatch.' 

I  regard  it  as  reasonable  to  suppose  that  the  Pueifco  beds,  notwith- 
standing their  peculiar  vertebrate  fauna,  were  deposited  contempora- 
neously with  the  lower  part  of  the  Wasatch,  which  all  admit  to  be  of 

1  See  Am. NatonOiat,  voL  19,  pp.  886, 493, and  MS.  'See  BulL  U.  S.  Geol.  Sorvey,  Ko. 34, p. IS. 
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Eocene  age,  bat  these  beds  are  herein  noticed  in  connection  with  tbe 
Oretaceous formations  because  they  have  been  so  assigned  by  Prof.  Cope 
and  because  it  is  desirable  to  present  all  the  principal  facts  relating  to 
the  upper  delimitation  of  the  full  Cretaceous  series  of  formations  in  the 
Great  Interior  area. 

The  other  strata  that  have  been  mentioned  as  superimposed  upon 
the  Laramie  and  requiring  notice  in  this  connection  are  those  to  which 
the  names  Arapaho  and  Denver  groups  respectively  have  been  applied, 
both  of  which  occur  together,  and  both  have  yet  been  found  only  iu 
the  district  around  Denver,  Colorado,  at  the  eastern  base  of  the  Kocky 
Mountains.^  The  lower  of  these  two  assemblages  of  strata,  the  Arap- 
aho, rests  unconformably  upon  the  Laramie,  and  the  Denver  rests 
unconformably  upon  the  Arapaho.  Both  the  Denver  and  the  Arapaho 
deposits  are  of  fresh-water  origin,  and  both  are  lithologically  different 
from  the  Laramie  and  from  each  other.  Although  they  are  stratigraph- 
ically  and  lithologically  different  from  the  Laramie  they  appear  to  be 
related  to  that  formation  by  moUu^cau  aud  plant  remains ;  but  this  re- 
lationship appears  to  be  more  complete  than  is  that  of  the  Laramie 
with  the  Wasatch  formation  in  Utah,  which  already  has  been  men- 
tioned. 

In  view  of  these  facts,  especially  in  view  of  their  stratigraphical 
separateness,  the  Tertiary'  age  of  the  Arapaho  and  Denver  deposits 
would  doubUess  have  never  been  questioned  if  it  were  not  that  both  are 
found  to  contain  dinosaurian  remains  which  are  of  such  a  character  as 
to  give  no  indication  of  a  decadence  of  that  great  reptilian  subclass 
or  of  its  approaching  extinction. 

Dinosaurian  remains  of  similar  types  are  found  in  the  Laramie  forma- 
tion at  various  and  widely  separated  localities,  and  in  view  of  the  fact 
that  those  Laramie  strata  upon  which  the  Arapaho  deposit  rests  are 
not  known  to  constitute  the  latest  part  of  the  Laramie,  the  question 
may  be  raised  whether  the  Arapaho  aud  Denver  deposits  were  not 
formed  in  the  latter  part  of  the  Laramie  .epoch,  and  consequently 
whether  they  were  not  contemporaneous  with  the  upper  part  of  the 
Laramie  where  that  formation  is  complete.  My  present  belief  favors 
the  affirmative  side  of  this  question,  but  there  seems  to  be  no  reason 
why  a  continuation  of  the  existence  of  dinosaurs  into  Tertiary  time 
should  be  denied,  and  none  why  the  Arapaho  and  Denver  deposits 
should  not  be  regarded  as  Tertiary,  as  is  the  stratigraphically  insepa- 
rable upper  part  of  the  Laramie  formation.  Hitherto  the  upper  limit  of 
the  vertical  range  of  dinosaurian  remains  in  the  Laramie  has  appeared 
to  be  coincident  with  that  of  brackish  water  molluscan  remaius,  but 
if  the  Arapaho  and  Denver  deposits  are  to  be  assigned  to  the  Tertiary 
it  will  not  be  unreasonable  to  look  for  dinosaurian  remains  in  the 
Wasatch  formation  also. 


■See  Misinf;  Tndnshy,  Denvor,  Colorado,  fur  July  13,  20, and  27,1888.    Am.  Joiir.Sc1.,Tol.37.1889 
pp.  261-282,  and  Proc.  Colorailo  Sci.  Soc  ,  vol.  3,  part  1,  p.  97. 
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The  Tertiary  age  of  all  the  stratified  deposits  of  the  Great  Interior 
area,  which  are  later  than  the  Denver  deposit,  is  unquestioned,  and  this 
fact,  together  with  those  which  before  have  been  noticed,  sufficiently 
indicates  that  no  other  deposits  than  those  which  have  just  been 
discussed  need  be  further  mentioned  in  this  connection. 

Turning  now  to  the  base  of  the  Laramie  formation,  we  find  its  lower 
delimitation  to  be  in  some  respects  indefinite.  In  the  great  area  within 
which  the  Laramie  occurs  it  has  been  found  to  rest  with  strict  con- 
formity upon  the  next  underlying  marine  Cretaceous  formation,  and 
usually  also  the  strata  of  both  formations  prcseut  an  appearance  which 
indicates  that  sedimentation  was  continuous  from  the  lower  to  the 
higher  formation. 

Certain  observed  facts  make  it  evident  that  between  the  last  marine 
Cretaceous  epoch,  as  represented  by  the  strata  which  have  just  been 
mentioned,  and  the  Laramie  epoch,  certain  land  faunas  and  floras  were 
unbroken,  but  it  is  plain  that  there  was  an  abrupt  break  of  the  aqueous 
faunasthere.  Tbat  is,inexpo8uresof  strata  where  the  base  of  the  Laramie 
and  the  top  of  the  marine  Cretaceous  series  occur,  marine  fossils  may 
be  traced  upward,  to  a  certain  level,  where  they  cease ;  but  this  level  is 
unmarked  by  any  material  change  in  the  character  of  the  strata.  Still 
tracing  these  strata  upward,  a  level  is  soon  reached  at  which  brackish 
and  fresh-water  fossils  are  found,  and  here  also  there  is  no  material 
change  in  the  character  of  the  strata,  and  none  also  between  the  two 
levels  indicated. 

These  brackish  water  molluscan  remains,  together  with  those  of  fresh- 
water mollusks  in  alternating  beds,  range  through  the  whole  thickness 
of  the  Laramie  formation  and  constitute  its  distinctive  paleontologicai 
feature ;  and  they  are,  as  I  believe,  the  most  trustworthy  indicators  of 
the  identity,  and  of  the  delimitations  of  that  formation. 

The  base  of  the  Laramie  is  therefore  understood  to  be  stratigraphic- 
ally  unmarked  at  all  points  where  it  has  been  observed,  but  the  level 
upon  which  the  aqueous  faunas  change  from  a  marine  to  a  brackish 
water  character  is  assumed  to  mark  its  base.  The  level  where  the 
brackish-water  mollusca  became  extiuct  and  a  purely  fresh- water  fauna 
prevailed  is  assumed  to  mark  the  top  of  the  Laramie,  even  though  at 
some  points  some  of  the  fresh- water  species  of  tiie  latter  formation  con- 
tinued to  live  afterward,  and  even  though  sedimentation  was  unbroken 
at  such  points. 

From  the  foregoing  statements  it  will  be  seen  that  the  upper  and 
lower  delimitation  of  the  Laramie  formation  which  I  have  recognized 
agrees  with  and  is  dependent  upon  the  full  vertical  range  of  its  brack- 
ish water  fauna.  This  basis  is  regarded  as  more  trustworthy  than  any 
other,  because  all  the  members  of  that  fauna  were  denizens  of  the  waters 
in  which  the  strata  containing  their  remains  were  deposited,  while  the 
presence  of  remains  of  land  faunas  and  floras  in  those  strata  is  in  all 
cases  the  result  of  accidental  circumstances.    Moreover  there  is  good 
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reason  for  assamiug  that  the  great  flora  and  the  land  vertebrate  faana 
which  characterize  the  Laramie  began  their  existence  as  sach  not  later 
than  the  later  portion  of  the  Montana  epoch,  and  probably  before,  and 
that  a  large  part  of  the  flora  jnst  mentioned,  as  well  as  certain  mem- 
bers of  the  Laramie  fresh  water  and  land  moUuscan  faunas,  continued 
their  existence  into  the  Wasatch  Tertiary  epoch. 

In  making  these  statements  I  neither  forget  that  several  of  the  char- 
acteristic Laramie  species  of  invertebrates  have  been  found  in  the  Belly 
River  formation,  nor  deny  that  those  species  had  their  origin  as  early 
as  that  epoch,  but  the  paleontological  lower  delimitation  of  the  Laramie 
by  its  invertebrate  fossils  is  not  therefore  the  less  trustworthy'  wherever 
that  formation  is  found  to  rest  upon  the  Montana  formation. 

By  some  persons  the  opinion  has  been  held  that  during  the  Laramie 
epoch  proper,  open  sea  waters  made  occasional  incursions  at  different 
places  upon  the  area  occupied  by  the  non-marine  waters  whose  fauna 
characterizes  the  Laramie  formation,^  but  although  the  frequent  alter- 
nation of  strata  bearing  brackish  water  fossils  with  those  bearing  only 
fresh- water  forms  show  that  within  certain  districts  brackish  waters 
alternated  with  fresh,  I  have,  in  my  extensive  examinations  of  this  for- 
mation, never  detected  any  evidence  of  the  incursion  of  open  sea  waters. 
The  opinion  referred  to,  which  I  think  has  not  yet  been  demonstrated, 
has  perhaps  arisen  from  a  supposed  identification  of  coal-bearing  strata 
of  the  upper  part  of  the  Montana  formation  with  similar  coal  bearing 
strata  of  the  Laramie.  Because  it  is  my  present  belief  that  all  true 
marine  waters  were  withdrawn  from  the  interior  portion  of  this  conti- 
nent at  the  beginning  of  the  Laramie  epoch,  no  true  marine  strata  are 
in  this  memoir  recognized  as  belonging  to  the  Laramie  formation. 

While  I  am  not  now  prepared  to  admit  that  the  open  ocean  made  incur- 
sions upon  the  great  Laramie  inland  sea  after  it  had  become  established 
as  such  at  the  close  of  the  Montana  epoch,  it  is  reasonable  to  infer  that 
it  had  somewhere  a  more  or  less  restricted  outlet  to  oceanic  waters  until 
all  the  area  which  it  had  occupied  became  in  part  dry  land  and  in  part 
the  bed  of  the  great  fresh-water  Tertiary  lake  or  lakes  which  immedi- 
ately succeeded  it.  What  we  now  know  ol  the  various  epeirogenic  move- 
ments which  resulted  in  the  production  of  the  present  continent  leads 
me  to  believe  that  such  an  ou  tlet,  if  one  existed,  was  at  the  southern 
end,  and  this  suggestion  is  supported  by  certain  paleontological  con- 
ditions which  have  been  observed  in  Laramie  strata  in  the  Texan  and 
North  Mexican  regions.  That  is,  certain  fossil  forms  have  been  observed 
in  those  strata  which  seem  to  indicate  a  greater  saltness  of  the  wat«r  in 
which  they  were  deposited  than  prevailed  elsewhere  in  the  Laramie  sea; 
but  these  observations  are  too  incomplete  to  be  confidently  relied  upon 
in  an  inquiry  of  this  kind.* 

In  1875  a  small  collection  of  marine  Tertiary  fossils,  purporting  to 
have  been  found  in  Colorado,  40  miles  east  of  Denver,  was  placed  in 

*  S«e  fur  nample,  U.  S.  Geol.  Bxpl.  40th  Parallel,  vol.  1,  p.  352.  *  See  foot  Dote  on  page  139L 
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my  haads  for  examination.  This  led  me  to  believe  that  the  relation  of 
the  Laramie  to  the  marine  Tertiary  would  be  discovered  in  that  district, 
bat  subseqaent  examination  showed  that  no  marine  Tertiary  strata 
exist  in  that  part  of  the  continent,  and  that  the  fossils  in  question  came 
from  another  locality.^ 

The  mollascan  fauna  of  the  Laramie,  as  that  great  formation  has  been 
defined  in  preceding  paragraphs,  has,  as  already  stated,  remarkable 
integrity  from  base  to  top  and  throughout  its  whole  geographical  ex- 
tent; but  there  is  a  series  of  strata  in  the  central  portion  of  the  Great 
Interior  area  which  generally  has  been  referred  to  the  Laramie  forma- 
tion, but  which  paleontologically  is  very  different.  These  strata,  which 
have  become  generally  known  as  the  Bear  River  Laramie  because  their 
best  known  exposures  occur  in  the  valley  of  Bear  River,  in  south- 
western Wyomiug,  have  been  represented  by  all  the  geologists  who 
have  reported  upon  them  as  holding  the  same  relation  to  the  overlying 
Wasatch  and  the  underlying  marine  Cretaceous  strata  that  the  typical 
Laramie  strata  do  elsewhere ;  but  wherever  they  have  been  observed 
they  are  found  to  have  been  so  displaced  by  faulting  and  folding  as  to 
render  their  true  relation  to  underlying  and  overlying  formations  a 
matter  of  great  uncertainty.  I  have  long  believed  that  these  strata  are 
older  than  those  of  the  Laramie  formation,  both  because  of  the  dissimi- 
larity of  their  molluscan  fauna  to  the  Laramie  and  later  faunas,  and 
because  I  had  seen  marine  Cretaceous  strata  in  the  valley  of  Bear  River 
which  I  believed  to  belong  above  them,  although  I  have  hitherto  failed 
to  demonstrate  It  satisfactorily. 

The  branchiferous  molluscan  fauna  of  these  strata  is  so  different  from 
the  typical  fauna  of  the  Laramie  that  not  only  have  none  of  the  spe- 
eies  of  the  former  fauna  been  identified  with  any  of  the  latter,  but  some 
of  the  generic  forms  are  different.  So  far  as  I  am  aware  no  important 
collections  of  either  plant  or  vertebrate  remains  have  been  made  firom 
the  Bear  River  Laramie  strata,  the  paleontological  comparisons  referred 
to  having  been  confined  to  their  fossil  mollusca.  The  difference  between 
the  molluscan  fauna  of  the  Bear  River  strata  and  that  of  the  typical 
Laramie  formation  is  so  great  as  to  indicate  that  they  were  not  deposited 
in  one  and  the  same  body  of  water,  and  both  faunas  give  little  or  no 
indication  by  their  characteristics  whether  they  were  contemporaneous 
or  not;  therefore,  this  question  must  be  decided  by  strati  graphical  obser- 
vations, aided  by  the  ascertained  paleontological  characteristics  of  all 
the  formations  involved  in  the  investigation. 

Investigation  of  this  question  is  now  in  progress  by  the  division  of 
the  survey  in  my  charge,  which,  it  is  believed,  will  demonstrate  that 
the  so-called  Bear  Hiver  Laramie  strata  are  considerably  older  than  the 
Laramie  formation  proper.  In  this  case  I  shall  discontinue  the  use  of 
the  term  Laramie,  as  applied  to  these  deposits. 


■  Seo  Geology  of  the  Uinta  Moontains,  pp.  106, 107 ;  alao,  Ann.  Rep.  U.  S.  G^oL  Sorv.  Terr,  for  1876,  pp. 
191, 192. 
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THE  SOUTH   INTERIOR  REOION. 

The  boandaries  of  the  South  luterior  region  are  of  coarse  those  of 
the  southeru  part  of  tbe  Great  Interior  area,  together  with  its  line  of 
division,  which  have  been  defined  on  pages  141  and  142.  These  boand- 
aries are  at  best  only  nominal,  and  are  given  merely  to  indicate  the 
general  limits  of  the  southern  portion  of  that  area  which  includes  all 
the  numerous  irregular  districts  which  are  occupied  by  Cretaceous  rocks 
and  which  lie  between  the  great  Paleozoic  area  of  the  continental  inte- 
rior on  the  east  and  the  Pacific  Border  region  on  the  west.  The  region 
as  thus  defined  comprises  the  whole  of  Colorado  and  portions  of  Kan- 
sas, Nebraska,  Wyoming,  Utah,  Arizona,  New  Mexico,  and  of  north- 
western Texas.  It  is  more  than  GOO  miles  across  from  north  to  south 
and  more  than  800  miles  from  east  to  west. 

The  great  interior  plains  extend  over  the  eastern  portion  of  this  re- 
gion, but  the  western  portion  is  almost  everywhere  more  or  less  moun- 
tainous, and  in  large  part  extremely  so.  These  erogenic  uplifts,  the 
numerous  volcanic  outflows,  and  the  immense  denudation  which  the 
rocks  have  suffered  there,  together  with  the  overlapping  of  subsequent 
sedimentary  deposits,  have  oblitersited  or  covered  from  sight  a  large 
part  of  the  Cretaceous  rocks  which  were  doubtless  originally  formed 
there.  This  has  left  the  visible  Cretaceous  areas  much  broken,  very 
irregular,  and  often  small  and  isolated.  For  this  reason,  and  because 
the  geology  of  the  region  has  not  yet  been  thoroughly  studied,  it  is  not 
at  present  practicable  to  give  so  complete  an  accouut  of  the  Cretaceous 
formations  which  are  known  to  exist  there  as  might  be  desired. 

So  far  as  is  now  known,  all  the  Cretaceous  formations  which  exist  in 
this  region  belong  to  the  Upper  Cretixccous  as  defined  in  this  memoir 
if  we  except  a  small  area  in  southern  Kansas  where  a  few  Lower  Cre- 
taceous fossils  are  reported  to  have  been  found.  That  is,  these  strata 
range  in  the  vertical  series  from  the  equivalent  of  the  Dakota  to  the 
Laramie  formation  inclusive  and,  for  reasons  stated  on  preceding  pages, 
some  other  deposits  which  in  this  region  rest  upon  the  Laramie  are 
discussed  in  connection  with  the  Cretaceous  formations. 

The  whole  Upper  Cretaceous  series,  including  the  Laramie  forma- 
tion, is  upturned  against  the  eastern  flank  of  the  Bocky  Mountains, 
conspicuously  so  in  Colorado,  and  the  thickness  and  character  of  the 
separate  formations  may  there  be  satisfactorily  studied.  The  series 
thins  out  toward  the  east,  perhaps  i)artly  by  erosion,  but  southward,  in 
New  Mexico  and  in  northern  Mexico,  the  whole  series  thickens,  as  it 
also  does  west  of  the  Rocky  Mountains. 

A  considerable  number  of  authors  have  written  upon  the  Cretaceous 
formations  of  the  South  Interior  region,  all  of  whom  have  classified  them, 
for  the  respective  districts  in  which  they  studied  them,  in  a  somewhat 
different  manner,  and  all  have  used  a  more  or  less  different  nomenclature. 
These  disagreements  were  a  natural  result  of  the  independent  labors 
of  the  different  investigators,  and  of  the  then  generally  prevalent  imper- 
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feet  knowledge  of  the  geology  of  that  part  of  the  continent,  and  were  not 
due  to  inaccuracy  of  observation.  Furthermore,  the  essential  features 
of  a  correct  classification  of  those  formations  appear  in  the  reports  of  all 
those  authors  becauseof  theintegrity  of  the  great  general  horizons  which 
will  be  defined  on  following  pages  and  which  we  now  know  embrace  the 
greater  part  of  the  strata  in  question,  not  only  throughout  the  whole 
of  the  South  Interior  region,  but  throughout  much  of  the  great  interior 
portion  of  the  continent.  We  therefore  find  that  in  its  leading  features 
each  classification  referred  to  closely  agrees  with  that  of  the  Upper 
Missouri  Cretaceous  section  of  Meek  and  Hayden  which  has  been  given 
on  page  145.  Because  of  the  differences  of  detail  and  of  nomenclature 
in  the  published  sections  of  different  authors  it  is  desirable  to  compare 
them  with  one  another  and  with  the  Upper  Missouri  section. 

In  his  earlier  geological  exploration  of  the  region  which  now  in  part 
constitutes  the  Territories  of  New  Mexico  and  Arizona,  Prof.  Newberry 
seems  to  have  recognized  only  two  divisions  of  the  Cretaceous  series 
which  he  found  there  and  which  he  designated  as  Upper  and  Lower 
Cretaceous  respectively.*  It  is  evident,  however,  that  he  did  not  re- 
gard the  latter  as  equivalent  to  any  part  of  the  European  Lower  Cre- 
taceous or  to  au3'  strata  which  are  in  this  memoir  referred  to  the  North 
American  Lower  Cretaceous.  In  his  later  work  in  portions  of  the  same 
region  he  divided  the  same  series  into  lower,  middle,  and  upper  divis- 
ions.^ These  he  correlated  with  the  designated  groups  of  Meek  and 
Hayden's  Upper  Missouri  section,  making  the  lower  one  equivalent  to 
theDakoUi  group,  the  middle,  to  the  Fort  Benton  and  Niobrara  groups 
together,  of  that  section,  and  the  upper,  to  the  Fort  Pierre  and  Fox 
Hills  groups  together.  His  omission  in  the  former  case  to  recognize 
separately  the  equivalent  of  the  Dakota  formation  was  probably  due  to 
the  blending  of  those  strata  with  the  next  overlying  ones,  in  the  south- 
ern part  of  the  region  which  he  examined,  such  as  I  have  referred  toon 
preceding  pages  as  occurring  in  the  Texan  and  North  Mexican  regions. 
The  line  of  separation  of  his  middle  and  upper  divisions  corresponds  to 
that  which  Meek  and  Hayden  recognized  as  separating  their  Earlier 
froYn  their  Later  Cretaceous.  The  following  table  represents  Prof.  New- 
berry's section  compared  with  that  of  the  Upper  Missouri  River  region 
by  Meek  and  Hayden. 

Newberry's  New  Mexican  section.  Meek  and  Hayden's  Upper  Missoori  section. 

Upper  division ^2"-^'  Fox  Hills  group.' 

»/pr  lNo.4;  Fort  Pierro  group. 

Middle  division {^"'V'  Niobrara  group. 

I  No.  2 ;   Fort  Benton  group. 

Lower  division No.  1;   Dakota  gronp. 

dewberry  estimates  the  thickness  of  his  upper  division  at  1,500  feet, 
the  middle  division  at  from  1,200  to  1,500  feet,  and  the  lower  division 
at  from  250  to  400  feet. 

For  the  district  embracing  the  eastern  end  of  the  Uinta  Mountain 

'Lieat  Ives's  Report  upon  tho  Colorado  River  of  the  West,  Part  in. 

*Macomb's  Expl.  Exped.,Geol.  Report,  pp.  121, 122. 

'Prof.  Newberry  Beema  aJso  to  liave  iDcIuded  at  least  a  p&Tl  ot  t\\e  l.«t%\u\^  V(i.\)L\%  ^3v^«t  ^^Vt^ssb.- 
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rauge  Maj.  J.  W.  Powell  proposed  a  classification  of  the  Cretaceous 
6cr»es,  wliicli  differs  from  all  others  iu  nomeuclature,  and  which  he  di- 
vides into  four  formations.'  The  first  or  lower  one  of  these  he  called 
the  Henry's  Fork  gronp,  the  second  the  Sulphur  Oreek  group,  the  third 
the  Salt  Wells  group,  and  the  upper  one  the  Point  of  Bocks  group. 
The  first  three  are  equivalent  to  Newberry'^  lower,  middle,  and  upper 
divisions,  respectively,  and  the  upper  one  is  equivalent  to  the  greater 
part  of  the  Laramie  formation.  The  upper  portion  of  the  Laramie  be 
referred  to  the  overlying  Eocene  formation,  to  which  he  gave  the  name 
of  Bitter  Creek  group.  His  Salt  Wells  group  is  equivalent  to  the  Mon- 
tana formation  as  defined  on  page  158,  and  also  to  both  the  Fox  Uills 
and  Fort  Pierre  groups^of  Meek  and  Hayden's  Upper  Missouri  section. 
Powell's  Sulphur  Creek  group  is  equivalent  to  the  Colorado  formation 
as  defiued  on  page  158,  and  to  the  Niobrara  and  Fort  Benton  groups 
together  of  the  Upper  Missouri  section.  The  Henry's  Fork  group  is 
equivalent  to  the  Dakota  group  of  the  Upper  Missouri  section.  It  is 
clearly  recognizable  as  a  separate  formation  in  the  Uinta  district,  but 
it  apparently  is  not  so  clearly  recognizable  in  at  least  some  parts  of 
New  Mexico  or  at  any  point  south  of  that  Territory,  as  has  just  been 
intimated. 

The  strata  between  the  equivalent  of  No.  1,  of  the  Upper  Mississippi 
section,  and  of  that  of  the  Laramie,  that  is  between  his  Henry's  Fork 
and  Point  of  Rocks  groups,  Powell  divided  .into  two  parts  ui>ou  the 
same  plane  that  was  recognized  by  Meek  and  Hayden  as  dividing  the 
Earlier  from  the  Later  Cretaceous  and  by  Newberry  as  dividing  his 
Middle  from  his  Upper  Cretaceous.  The  following  table  represents 
Powell's  section  compared  with  the  Upper  Missouri  section : 

Powell's  section.  Upper  Missoari  section. 

Point  of  Rocks  group '. Wanting. 

Salt  WelUgrotip \  No.  5;  !>  Hjlle group. 

•'       '  )  No.  4  ;  !•  ort  Pierre  gronp. 

Q..I.VI....  n^^L-  „.»..„  S  No.  3 ;  Niobrara  eroup. 

Sulphur  Creek  group ^  jj„  g.  p^,^^  ^^^^  ^^^^^ 

Henry's  Fork  group No.  1 ;  Dakota  group. 

Powell  gives  the  following  statement  of  the  thickness  of  each  of  the 
groups  of  his  section:  Point  of  Rocks,  1,800  feet;  Salt  Wells,  1,800 
feet;  Sulphur  Creek,  2,000  feet,  and  Henry  Fork,  500  feet. 

Clarence  King  divided  the  marine  Cretaceous  series  as  he  found  it  in 
Colorado  and  Wyoming  into  three  parts,  to  which  he  added  the  Lara- 
mie as  a  Cretaceous  formation.^  The  lower  member  of  King's  section  is 
strictly  equivalent  to  the  lower  members  of  the  three  sections  already 
mentioned,  which  were  published  by  Meek  and  Ilayden,  Newberry  and 
Powell  respectively,  and  for  it  King  retained  the  name  Dakota  group, 
which  the  first-named  authors  had  given  it.  Instead,  however,  of  divid- 
ing the  strata  between  the  Laramieand  Dakota  formations  at  the  plane 
of  junction  between  the  equivalents  of  Noa.  3  and  4  of  the  Upper  Mis- 
souri section,  as  Meek  and  Hayden  and  Powell  did,  he  divided  them  at 

'  Oeology  of  the  Uinta  Monntains.  p.  1C.  ^  S>tc>  V5 .  ^.dwA.^x^V  ^VXi^^s^ieks^ ^5s\..  V  sad  Atlat. 
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tbe  janction  of  the  equivalents  of  Nos.  4  and  5.  That  is,  he  placed  the 
eqaivaleuts  of  Nos.  2,  3,  and  4  in  one  and  the  same  formation  which  he 
called  the  Colorado  Rroup,  apparently  overlooking  or  ignoring  the  fact 
that  sach  a  grouping  of  those  strata  is  unnatural  on  paleontological 
ground.  For  a  comparison  of  this  section  with  others,  see  the  next  fol- 
lowing table  and  also  the  series  of  tables  on  following  pages . 

Prof.  J.  J.  Stevenson,  in  his  earlier  work  in  Kew  Mexico  and  adja- 
cent parts  of  Colorado,^  divided  the  Cretaceous  into  upper,  middle,  and 
lower  divisions,  as  Prof.  Newberry  had  done.  In  his  later  work  there,' 
however,'  he  adopted  the  classification  of  Mr.  King,  which  lias  just 
been  explained,  so  far  as  to  combine  the  equivalents  of  the  Fort  Ben- 
ton, Niobrara,  and  Fort  Pierre  groups  of  Meek  and  Hajden's  section  to 
form  the  Colorado  formation,  but  he  also  combined  the  equivalents  of 
the  Fox  Hills  and  Laramie  strata  under  the  name  of  tiie  latter  forma- 
tion. Therefore  he  represents  the  Laramie  as  resting  upon  the  Colo- 
rado formation.  Dr.  F.  M.  Endlich  also  reported  a  similar  condition  of 
those  strata  in  southern  Colorado.^ 

The  assumption  of  such  a  condition  implies  an  important  time-hiatus 
in  the  Cretaceous  series  there,which  I  am  not  disposed  to  admit,  because  I 
believe  that  all  the  formations  of  the  series  are  represented  throughout 
the  South  Interior  region,  with  the  partial  exception  in  Middle  Park, 
which  is  indicated  by  slight  unconformity  which  has  been  reported  by 
Mr.  A.  K.  Marvine^  to  exist  there  between  the  Laramie  and  Montana 
formations. 

In  1877  I  employed  a  form  of  classification  for  the  Cretaceous  series 
of  northwestern  Colorado  similar  to  that  of  King,  retaining  the  names 
which  were  proposed  or  adopted  by  him,  t>ut  I  divided  the  series  dif- 
ferently into  formations.^  That  is,  the  Dakota  and  Laramie  formations 
of  that  section  were  then  recognized  as  King  had  defined  them,  but  the 
Colorado  formation  was  restricted  to  include  only  the  equivalents  of  the 
Fort  Benton  and  Niobrara  groups  of  the  Upper  Missouri  section,  while 
the  equivalents  of  the  Fort  Pierre  and  Fox  Hills  groups  of  that  sec- 
tion  were  placed  together  under  the  single  name  of  Fox  Hills  group. 

The  following  Uible  represents  White's  section  compared  with  that  of 
King  and  with  the  Upper  Missouri  section.  For  further  comparisons 
of  these  and  other  sections,  with  the  names  of  the  formations  as  used 
by  different  authors,' see  the  series  of  tables  on  following  pages. 

White's  eection.                             Upper  MiMoari  section.  King's  section. 

Laramie Wanting : Laramie. 

Fox  Hills  group \Z:  I  l^^^^l'rT^Zp-::::::  > ''"' "'"  ^""^•' 

Colorado  group \  g^  J  ?^StoTgS,np:::::  r"'""^"  '^""'•- 

Dakota  group No.  1,  Dakota  group Dakota  group. 

*  U.  S.  Qoog.  &,  Geol.  Ezpl.  &.  Sarv.  West  of  the  100th  meridian  (Wheeler),  Chap.  13,  pp.  361-410,  toL  8. 

*  Ibid.,  voL  3,  snpplement,  geology,  pp.  210,  and  3  maps. 
»  Ninth  Ann.  Rep.  IT.  S.  Gw>l.  Surv.  Terr.,  pp.  102-215. 

« Seventh  Ann.  Rep.  U.  8.  GeoL  Snrv.  Terr.,  pp.  83-102. 

*See  Tenth  Ann.  Rep.  U.  S.  Gcol.  Surv.  Terr.,  1878,  p.  22. 

•KinggiyeB  thiBnameaa  "HilJ,"  not  "Hills,  *  u  inlieek  Ui^  Httj^«ik'%  w:A^»ii. 
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The  estimatec}  tiiickucssof  the  formations  oonstitntiug  White's  section 
is,  for  the  Laramie,  3,500  feet,  for  the  Fox  Hills,  1,800  feet,  for  the 
Colorado,  2,000  feet,  and,  for  the  Dakota,  500  feet. 

Since  the  publication  of  the  works  just  referred  to,  there  has  been  a 
tendency  among  those  who  have  stndied  the  Cretaceous  of  the  Great 
Interior  area  to  recognize  only  two  formations  between  the  top  of  ilt% 
Dakota  and  the  base  of  the  Laramie,  instead  of  four,  as  was  done  by 
Meek  and  Hayden  in  the  Upper  Missouri  section,  and  to  indicate  the 
plane  of  separation  as  occurring  at  the  junction  of  the  equivalents  of 
Nos.  3  and  4  of  that  section,  as  was  done  by  Newberry,  Powell,  and 
White. 

The  modified  classification  of  the  Upper  Cretaceous  formations  of  the 
South  Interior  region  which  I  have  adopted  in  this  memoir  is  that  which 
has  already  been  given  on  page  145,  the  nomenclature  of  which  was 
proposed  by  Mr.  Eldridge.^  The  following  table  shows  the  relation 
of  the  adopted  section,  with  the  addition  of  the  Laramie  formation,  to 
the  Upper  Missouri  section  : 

Upper  Missouri  section  of  Meek  and  Hayden.                                                      Adopted  cUssification. 
Not  recognized ••. Laraiuie  formation 

?J::4:lor^tp"ill;iK! - Mont.nafo™.«oo 

JJo:J^lrr^^*nrg?oup! : Colorado  fonnation 

No.  I,  Dakota  group Dakota  formation 

It  will  be  seen  that  in  the  classification  which  is  herein  adopted  for 
the  South  Interior  region,  and  also  for  all  the  interior  portion  of  the  con- 
tinent, the  use  of  the  numbers  introduced  by  Meek  and  Hayden  is  discon. 
tinned,  and  that  only  one  of  the  names  of  formations  which  those  authors 
used,  namely,  the  Dakota,  has  been  retained. 

The  partial  confusion  in  the  classification  of  the  Cretaceous  rocks  of 
this  region  which  has  been  referred  to  has  evidently  arisen  from  the 
blending  together  in  certain  parts  of  the  Great  Interior  area  of  the 
equivalents  of  the  formations  which  were  by  Meek  and  Hayden  recog- 
nized as  distinct  from  one  another  in  more  northern  districts,  and  from 
changes  in  the  character  of  others  of  those  formations.  For  examplCi 
the  Dakota  is  as  clearly  distinguishable  as  a  separate  formation  in  the 
northern  and  central  portions  of  the  South  Interior  region  as  it  is  at 
the  typical  localities  in  the  Forth  Interior  region,  in  all  of  which  dis- 
tricts the  strata  are  plainly  of  nonmarin^  origin.  In  the  southern  part 
of  the  South  Interior  region,  however,  as  well  as  in  central  Kansas  and 
in  eastern  Texas,  the  strata  which  are  confidently  regarded  as  repre-' 
sen  ting  the  Dakota  formation  are  found  to  bear  true  marine  fossils,  and, 
in  some  cases,  both  paleontologically  and  stratigraphically,  to  blend  so 
intimately  with  the  next  overlying  strata  which  are  regarded  as  equiva- 
lent to  the  lower  part  of  the  Colorado  formation  as  to  render  their 
interdelimitation  indistinct. 
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Aguin  we  flud  the  Colorado  formation  to  possess  unmistakable  integ- 
rity tliroughout  this  region,  and  although  there  is  in  different  districts 
considerable  difference  in  the  lithological  character  of  the  different 
beds  of  which  the  great  formation  is  composed,  and  in  certain  districts 
considerable  modifications  of  the  character  of  its  molluscan  fauna,  the 
group,  as  a  whole,  is  such  as  to  make  any  division  of  it  into  separate 
formations  either  unnatural  or  unnecessary.  The  integrity  of  the  Mon- 
tana as  a  single  formation,  although  its  modifications  are  in  some  re- 
spects similar  to  those  of  the  Golorailo,  is  also  as  unmistakable  in  this 
region  as  that  of  the  latter  formation.' 

There  are  api)areutly  good  reasons  for  believing  that  no  material 
time-hiatus  exists  between  the  Colorado  and  Montana  formations  as 
they  are  developed  in  the  South  Interior  region,  but  the  paleontological 
difference  between  them  is  such  as  to  warrant  their  recognition  as 
separate  formations,  and  their  separation  is  made  upon  the  same  plane 
that  has  been  recognized  as  a  natural  one  by  much  the  larger  number 
of  the  geologists  who  have  studied  the  Cretaceous  series  of  the  Great 
Interior  area.  Some  interesting  facts  relating  to  this  plane  of  separa- 
tion will  be  discussed  iu  connection  with  remarks  upon  the  Belly  Biver 
formation,  which  is  found  in  the  Korth  Interior  region. 

In  the  larger  part  of  the  South  Interior  region  the  Dakota  is  readily 
recognizable  as  a  separate  formation.  In  the  northern  and  northwest- 
ern part  of  the  region  it  consists  of  coarse  sandstones,  usually  heav- 
ily bedded,  and,  especially  in  the  Rocky  Mountain  district,  often  having 
a  bed  of  variegated  clayey  shales  at  the  base,  the  whole  reaching  a 
maximum  thickness  seldom  exceeding  500  feet.  In  these  districts  tiie 
sandstone  is  often  found  to  contain  plant  remains,  but  it  appears  that 
few  or  no  vertebrate  remains  have  yet  been  discovered  hi  this  forma- 
tion; those  which  were  collected  by  Dr.  Hayden  and  published  by 
Prof.  Cope,'  as  coming  from  the  Dakota,  are  now  referred  by  the  latter 
author  to  the  Jurassic' 

In  the  eastern  part  of  the  region,  for  example  in  southeastern  Ne- 
braska, fresh  and  brackish  water  molluscan  remains  have  been  found 
in  Dakota  strata  by  Prof.  L.  E.  Hicks  (unpublished),  and  in  central 
Kansas  Prof.  B.  F.  Mudge  found  remains  of  many  true  marine  mollus- 
can forms  in  strata  which  occupy  the  horizon  of  the  Dakota  formation.** 
Some  of  these  Kansas  species  have  been  identified  among  the  mollus- 
can remains  of  the  Timber  Creek  formation  of  the  Texan  region,  for 
which  reason,  among  others,  that  formation  is  regarded  as  equivalent 
to  the  Dakotti,  as  already  explained. 

In  the  Ilocky  Mount^iin  and  Uinta  Mountain  districts  the  Dakota 
formation  rests  conformably  upon  the  Jurassic,  and  some  of  the  strata 


'It  isnevertlieloas  true  that  lunro  or  less  distinct  faunal  stai^es  aro  recognizable  in  certain  parts  of 
both  the  Colorndo  and  Montana  foroiations. 

»  See  Am.  Naturalist,  vol.  12,  pp.  71-85;  also,  Proc.  Am.  Philos.  Soc,  vol.  17,  pp.  233-247. 

•See  preface  to  vol.  3,  Book  r,  U.S.  Geol.  Surv.  Terr. ;  also,  Corapte  rendu  Sten.  du  Cong.  Int.  de 
66ol.,  Paris,  1878. 

<SeoU.  a  Geol.  Surv.  Terr.,  vol.  9;  and  Proc.  U.S.  Nat  U\i».,'vo\.^,\>V  7^*^78%, 


158  THE   CRETACEOUS.  IbuluO. 

The  estimated  tiiickuessof  the  formations  oonstitatiug  White's  section 
is,  for  the  Laramie,  3,500  feet,  for  the  Fox  Hills,  1,800  feet,  for  tbe 
Colorado,  2,000  feet,  and,  for  the  Dakota,  500  feet. 

Since  the  publication  of  the  works  just  referred  to,  there  has  been  a 
tendency  among  those  who  have  studied  the  Cretaceous  of  the  Great 
Interior  area  to  recognize  only  two  formations  between  the  top  of  tlt% 
Dakota  and  the  base  of  the  Laramie,  instead  of  four,  as  was  done  by 
Meek  and  Hayden  in  the  Upper  Missouri  section,  and  to  indicate  the 
plane  of  separation  as  occurring  at  the  junction  of  the  equivalents  of 
Nos.  3  and  4  of  that  section,  as  was  done  by  Newberry,  Powell,  and 
White. 

T)ie  modified  classification  of  the  Upper  Cretaceous  formations  of  the 
South  Interior  region  which  I  have  adopted  in  this  memoir  is  that  which 
has  already  been  given  on  page  145,  the  nomenclature  of  which  was 
proposed  by  Mr.  Eldridge.^  The  following  table  shows  the  relation 
of  the  adopted  section,  with  the  addition  of  the  Laramie  formation,  to 
the  Upper  Missouri  section  : 

Upper  Missouri  section  of  Meek  and  Hayden.                                                      Adopted  dasaiflcaUon. 
Not  recognized • Laraiuie  formation 

S''-M'*'''.i?^^^*^'''"Pj - Montana  formation 

No.  4,  Fort  Pierre  group  5 «»vu*.«.u«.  waui*»ivu 

No.  3,  Niobrara  group        ) Colorado  formation 

No.  2y  Fort  Benton  group  J ^vAv*i»^v  Av^uxavivu 

No.  1,  DaiLota  group Dakota  formation 

It  will  be  seen  that  in  the  classification  which  is  herein  adopted  for 
the  South  Interior  region,  and  also  for  all  the  interior  portion  of  the  con- 
tinent, the  use  of  the  numbers  introduced  by  Meek  and  Hayden  is  discon. 
tinned,  and  that  only  one  of  the  names  of  formations  which  those  authors 
used,  namely,  the  Dakota,  has  been  retained. 

The  partial  confusion  in  the  classification  of  the  Cretaceous  rocks  of 
this  region  which  has  been  referred  to  has  evidently  arisen  from  the 
blending  together  in  certain  parts  of  the  Great  Interior  area  of  the 
equivalents  of  the  formations  which  were  by  Meek  and  Hayden  recog- 
nized as  distinct  from  one  another  in  more  northern  districts,  and  from 
changes  in  the  character  of  others  of  those  formations.  For  example, 
the  Dakota  is  as  clearly  distinguishable  as  a  separate  formation  in  the 
northern  and  central  portions  of  the  South  Interior  region  as  it  is  at 
the  typical  localities  in  tbe  Forth  Interior  region,  in  all  of  which  dis- 
tricts the  strata  are  plainly  of  nonmarin^  origin.  In  the  southern  part 
of  the  South  Interior  region,  however,  as  well  as  in  central  Kansas  and 
in  eastern  Texas,  the  strata  which  are  confidently  regarded  as  repre- 
senting the  Dakota  formation  are  found  to  bear  true  marine  fossils,  and, 
in  some  cases,  both  paleontologically  and  stratigraphically,  to  blend  so 
intimately  with  the  next  overlying  strata  which  are  regarded  a<s  equiva- 
lent to  the  lower  part  of  the  Colorado  formation  as  to  render  their 
interdelimitation  indistinct. 
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Again  we  fiud  tlie  Golora<lo  foruiatioii  to  possess  unmistakable  integ- 
rity tiiroughout  this  region,  and  altbougii  there  is  in  different  districts 
considerable  difference  in  the  lithological  character  of  the  different 
beds  of  which  the  great  formation  is  composed,  and  in  certain  districts 
considerable  modifications  of  the  character  of  its  mollascan  fauna,  the 
group,  as  a  whole,  is  such  as  to  make  any  division  of  it  into  separate 
formations  either  unnatural  or  unnecessary.  The  integrity  of  the  Mon- 
tana as  a  single  formation,  although  its  modifications  are  in  some  re- 
spects similar  to  those  of  the  Colorado,  is  also  as  unmistakable  in  this 
region  as  that  of  the  latter  formation.' 

There  are  apparently  good  reasons  for  believing  that  no  material 
time-hiatus  exists  between  the  Colorado  and  Montana  formations  as 
they  are  developed  in  the  South  Interior  region,  but  the  paleontological 
difference  between  them  is  such  as  to  warrant  their  recognition  as 
separate  formations,  and  their  separation  is  made  upon  the  same  plane 
that  has  been  recognized  as  a  natural  one  by  much  the  larger  number 
of  the  geologists  who  have  studied  the  Cretaceous  series  of  the  Great 
Interior  area.  Some  interesting  facts  relating  to  this  plane  of  separa- 
tion will  be  discussed  in  connection  with  remarks  upon  the  Belly  Biver 
formation,  which  is  found  in  the  North  Interior  region. 

In  the  larger  part  of  the  South  Interior  region  the  Dakota  is  readily 
recognizable  as  a  separate  formation.  In  the  northern  and  northwest- 
ern part  of  the  region  it  consists  of  coarse  sandstones,  usually  heav- 
ily bedded,  and,  especially  in  the  Rocky  Mountain  district,  often  having 
a  bed  of  variegated  clayey  shales  at  the  base,  the  whole  reaching  a 
maximum  thickness  seldom  exceeding  500  feet.  In  these  districts  the 
sandstone  is  often  found  to  contain  plant  remains,  but  it  appears  that 
few  or  no  vertebrate  remains  have  yet  been  discovered  in  this  forma- 
tion; those  which  were  collected  by  Dr.  Hayden  and  published  by 
Prof.  Cope,^  as  coming  from  the  Dakota,  are  now  referred  by  the  latter 
author  to  the  Jurassic.^ 

In  the  eastern  part  of  the  region,  for  example  in  southeastern  Ne- 
braska, fresh  and  bnickish  water  molluscan  remains  have  been  found 
in  Dakota  strata  by  Prof.  L.  E.  Hicks  (unpublished),  and  in  central 
Kansiis  Prof.  B.  F.  Mudge  found  remains  of  many  true  marine  mollus- 
can forms  in  strata  which  occupy  the  horizon  of  the  Dakota  formation.* 
Some  of  these  Kansas  species  have  been  identified  among  the  mollus- 
can remains  of  the  Timber  Creek  formation  of  the  Texan  region,  for 
which  reason,  among  others,  that  formation  is  regarded  as  equivalent 
to  the  Dakota,  as  already  explained. 

In  the  liocky  Mount^iin  and  Uinta  Mountain  districts  the  Dakota 
formation  rests  conformably  upon  the  Jurassic,  and  some  of  the  strata 


'It  is nevertlielcsfl  truo  that  nioro  or  less  distinct  faunal  stages  aro  recognisable  in  cortftin  parts  of 
both  the  Colorado  and  Montana  formations. 

»  See  Am.  Naturalist,  vol.  12,  pp.  71-85;  also,  Proc.  Am.  Philos.  Soc,  vol.  17,  pp.  233-247. 

"See  profaco  to  vol.  3,  Book  i,  U.  S.  Geol.  Surv.Terr. ;  alwo,  Compte  rendu  Sten.  da  Cong.  Int.  de 
G6ol.,  Paris,  1878. 

<8eeU.S.Qeol.Surv.Terr.,vol.  9;  and  Proc.  U.  S.  Nat.  \La«.,'?oV^,^i^,^V7{». 
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of  each  foriuatiou  are  there  so  similar  in  litliological  character  that  it 
is  often  difficult  to  determiue  the  plane  of  delimitation  of  each.  In 
the  eastern  part  of  this  rei^ion,  however,  as  well  as  in  the  eastern 
part  of  the  ISorth  Interior  region,  the  Dakota  strata  rest  nnconform- 
ably  upon  the  Carboniferous,  and  apparently  also,  in  some  cases,  upon 
still  older  rocks. 

In  the  northern  and  north yirestern  parts  of  the  South  Interior  region 
the  contrast  bidtween  the  Dakota  formation  and  the  lowermost  strata 
of  the  overlying  Colorado  formation,  which  usnally  consist  of  bluish 
shales,  is  well  marked  both  lithologically  and  paleontologically ;  but  as 
before  stated,  the  distinction  between  the  respective  equivalents  of 
those  two  formations  is  apparently  either  obliterated  or  obscured  in  the 
southern  part.  This  matter  will  be  further  mentioned  in  connection 
with  the  separate  discussion  of  each  of  the  great  Cretaceous  horizons 
of  the  continent. 

As  a  rule,  to  which,  however,  there  are  some  exceptions,  the  lower  por- 
tion of  tlie  Colorailo  formation,  or  that  which  in  this  province  represents 
No.  2  of  the  Upper  Missouri  section,  is  shaly,  often  consisting  of  bluish, 
%sile  shales,  and  is,  in  a  portion  of  this  region,  overlain  by  more  sandy 
strata,  while  the  portion  which  represents  No.  3  of  that  section  is  more 
or  lec^s  calcareous.  Sometimes,  however,  the  last  named  portion  consists 
of  regularly  bedded  limestone,  and  sometimes  it  is  friable  or  chalky. 
Overlying  this  calcareous  portion  of  the  formation  there  are  usually 
several  hundred  feet  of  argillaceous,  or  sometimes  sandy,  strata. 

The  chalky  condition  referred  to  is  observable  in  portions  of  western 
Kansas,  where  limited  deposits  of  true  chalk  are  sometimes  found.  In 
that  district  these  beds  have  furnished  many  important  vertebrate 
remains.  But  the  best  known  development  of  the  calcareous  member 
of  the  formation  in  this  region  is  found  in  the  v<alley  of  the  Arkansas 
Eiver,  west  of  the  city  of  Pueblo,  Colorado,  where  it  consists  of  about 
50  feet  in  thickness  of  light  gr<iy,  regularly  bedded  limestone,  which  is 
equivalent  to,  and  closely  resembles,  the  limestone  of  the  Austin 
formation  of  Texas.  The  following  table  show's  the  principal  members 
of  the  section  near  Pueblo  and  their  approximate  correlation  with  those 
of  the  Upper  Cretaceous  section  of  eastern  Texas : 

Paeblo  section.  Eastern  Texas  section. 

Montana  formation Ripley  formation  and  underlying  shales. 

r««i«««^«  *^»,««*:^«    S  Gray  limestone Austin  limestone. 

Colorado  formation  .  J  ^^^J^^  ^^^^^ g^^l^  j,^^^  ^^^^^^ 

Dakota  formation Timber  Creek  formation. 

Although  the  calcareous  member  of  the  Colorado  formation  is  better 
developed  along  the  east  front  of  the  Rocky  Mountains  from  central  to 
southern  Colorado  than  elsewhere,  the  average  thickness  of  the  whole 
formation  seems  to  be  less  east  of  the  mountains  than  it  is  west  of 
them.  Still,  it  is  probable  that  the  eastern  strata  represent  the  whole 
of  the  Colorado  epoch. 
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The  paleontological  characteristics  of  the  Colorado  formation  are, 
with  exceptions  presently  to  be  mentioned,  closeiy  similar  on  both  sides 
of  the  Bocky  Mountains.  Its  physical  characteristics,  west  of  tbose 
mountains,  are  described  by  PowelP  and  White,^  who  show  that,  in  a 
general  way,  they  are  similar  to  those  which  the  formation  presents  east 
of  the  mountains.  The  calcareous  member  of  the  formation,  however, 
is  seldom  recognizable  west  of  the  liocky  Mountains  or  southward  from 
southern  Colorado  or  north  ot*  the  rl5th  parallel  df  north  latitude. 

The  lithological  characteristics  of  the  Montana  generally  present  a 
considerable  contrast  with  those  of  the  underlying  Colorado  formation. 
Usually,  however,  a  shaly  coudition  of  the  strata  similar  to  that  of  the 
upper  portion  of  the  Colorado  prevails  in  that  portion  of  the  Montana 
formation  which  represents  No.  4  of  the  Upper  Missouri  section.  In 
such  cases  it  is  difficult  to  distinguish  the  lower  strata  of  the  Montana 
from  the  upper  ones  of  the  Colorado  formation,  except  by  means  of 
their  respective  fossils.  It  appears  to  have  been  this  lithological  simi- 
larity of  portions  of  the  two  groups  which  led  King  to  add  the  lower 
portion  of  tlie  Montana  formation  to  his  Colorado  group. 

Above  this  lower  shaly  portion  of  the  Montana  formation  sandstones 
of  considerable  thickness  usually  prevail,  which  are  succeeded  by  argil- 
laceous shales  again,  and  these  pass  up  into  more  sandy  strata,  upon 
which  the  Laramie  rests. 

The  sandstone  portion  of  the  Montana  formation  is  often  well  devel- 
oped, especially  west  of  the  Rocky  Mountains,  where  those  strata  fre- 
quently form  high,  bold  escarpments.  They  are  often  fossiliferous,  and 
many  species  of  the  fossil  mollusks  which  characterize  them  range  to 
the  uttermost  limits  of  this  region  as  well  as  to  those  of  the  North 
Interior  region.  In  the  discussions  of  the  Cretaceous  horizons  of  the 
continent  we  shall  also  see  that  certain  of  the  Upper  Cretaceous  strata 
of  the  Gulf  and  Atlantic  Border  regions  are  closeiy  connected  with  these 
and  other  strata  of  the  Montana  formation  by  their  molluscan  fossils. 

Estward  from  the  eastern  base  of  the  Rocky  Mountains  the  Montana 
formation  is  much  obscured  by  the  debris  of  the  plains,  and  its  iden- 
tity as  a  separate  formation  has  not  been  clearly  recognized  along  the 
eastern  border  of  the  region,  near  which  the  recognizable  Cretaceous 
strata  seem  to  belong  either  to  the  Dakota  or  Colorado  formation,  or  to 
both.  That  isi,  Montana  and  Laramie  strata  do  not  appear  to  extend 
so  far  eastward  in  this  region  as  do  those  of  the  two  formations  beneath 
them.  Southward,  in  New  Mexico,  and  also  west  of  the  Rocky  Moun- 
tains in  Colorado  and  Wyoming,  the  Montana  formation  is  perhaps  the 
most  conspicuous  member  of  the  Cretaceous  series,  and  it  reaches  a 
great  maximum  thickness  in  both  those  districts. 

While  there  is  usually  not  much  difficulty  in  distinguishing  the  Mon- 
tana from  the  Colorado  formation  in  this  region,  in  the  absence  of  fos- 
sils it  is,  as  already  stated,  always  difficult  to  determine  the  plane  of 
delimitation  between  the  Montana  and  Laramie  formations  because  of 

>  Geolo<;y  of  the  Uinta  Mountaina.  *  Tenth  AnnuiV BApoxVi A3 , ^.  ^Wk\. ^xn:^ .^<«r. 
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tho  close  similarity  of  the  strata  of  each,  because  both  formations,  as  a 
rule,  have  the  aspect  of  haviug  beeu  produced  by  uninterrupted  seilimeu- 
tation,  and  because  both  have  beeu  equally  involved  in  all  stratigrapLi- 
cal  displacements  which  either  has  suffered.  The  only  trustworthy 
means  of  distinguishing  between  them  is  their  invertebrate  fossils,  aud 
these  within  large  portions  of  the  region  are  often  absent  or  undiscov- 
ered, and  they  are  especially  rare  in  the  greater  pait  of  the  Laramie 
strata*  The  separation  of  the  two  formations,  as  already  stated,  is  made 
upon  some  conveniently  but  usually  indistinctly  recognizable  plane  be- 
tween the  uppermost  strata  which  bear  characteristic  fossils  of  (he  Mon- 
tana formation  and  those  which  are  found  to  bear  only  brackish  and 
fresh  water  molluscan  forms,  such  as  are  known  to  be  characteristic  of 
the  Laramie  formation.  Both  the  Laramie  and  Montana  formations  are 
coal-bearing,  and  this  similarity  has  served  to  increase  the  difficulty  of 
discriminating  between  the  strata  of  each.* 

Although  the  moilitication  of  the  Upper  Missouri  section,  which  has 
been  given  on  page  158,  is  applicable  to  the  whole  South  Interior  region, 
the  two  upper  divisions  of  it,  namely,  the  Colorado  and  Montana  forma- 
tions, are  paleontologically  somewhat  dififereutly  characterized  incertaiu 
parts  of  it.  For  example,  at  certain  localities  near  the  cast  base  of  the 
Wasatch  range  in  Utah  and  Wyoming,  and  near  the  east  base  of  the 
Sangre  de  Gristo  range  in  Colorado,  where  those  two  groups  are  strati- 
graphically  more  or  less  clearly  recognizable,  the  species  of  molluscan  fos- 
sils which  there  characterize  each,  although  all  are  of  marine  types,  are 
largely  dififerent  from  those  which  elsewhere  characterize  those  forma- 
tions respectively.  Still,  each  formation  contains  a  sufficient  number  of 
the  forms  which  characterize  it  elsewhere  to  make  its  identification  satis- 
factory, especially  when  such  identification  is  aided  by  stratigraphy. 
The  localities  at  which  these  modified  faunas,  especially  that  of  the  Col- 
orado formation,  have  been  most  satisfactorily  examined  are  in  the 
valley  of  Weber  River,  near  Coalville,  Utah,  in  the  southwestern  corner 
of  Wyoming,  and  in  Huerfano  Park,  Hueriano  County,  Colorado. 

The  modification  of  the  molluscan  fauna  of  the  Montana  and  Colorado 
formations,  although  it  extended  over  quite  a  large  area,  was  evidently 
due  to  local  conditions,  which  can  not  now  be  discussed.  The  fact, 
however,  has  much  interest  in  this  connection,  because  the  molluscan 
fauna  of  the  Colorado  and  of  the  Montiina  formation  generally  has  great 
integrity  throughout  their  geographical  extent. 

All  the  strata  of  the  Cretaceous  section  at  the  Coalville  locality,  Iw- 
neath  the  Laramie,  are  plainly  of  marine  origin,  except  one  bed  which 
contains  estuarine  forms.^    Some  of  these  estuariue  species  are  so  closely 

'  For  farther  discassion  of  this  subject,  see  followinj;  pages. 

'See  Twelfth  Ann.  Rep.  U.  S.  Geul.  Sarv.  Terr.,  Part  1,  pp.  &-34,  and  plate  12. 

Thecharacter  of  some  of  these  eatuarino  fossils  is  so  nearly  like  that  of  certain  forms  ^vhich  are 
found  Iq  the  Laramie  formation  as  to  suggest  that  the  molluscan  fauna  of  the  great  inland  Lammie 
sea  was  derived  from  the  estuarine  and  flu  viatilo  faunas  that  existed  alon.c:  the  borders  of  the  preexist- 
ing Cretaceous  sea,  which  gnotlually  gave  place  to  tho  Laramie  sea.  .  It  will,  however,  be  seen  that 
some  of  the  Laramie  mollosoan  forms  had  a  still  earlier  origin  in  tho  waters  in  which  the  Belly  SiTer 
§armaitum  wu  deposited. 
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like  certaiu  forms  found  in  tlic  Laramie  formation  that  the  two  faunas 
have  been  eoufounded  by  8ome  geologists,  but  thiK  estuary  bed  lies 
beneath  fully  1,000  feet  of  the  marine  Cretaceous  strata  upon  which  the 
Laramie  rests. 

The  remarks  which  have  been  made  upon  the  Laramie  formation  on 
preceding:  pages  render  a  general  discussion  of  it  unnecessary  in  this 
connection.  In  the  South  Interior  region  it  ap[>ears  to  reach  its  mini- 
mnm  thickness  east  of  the  Uacky  Mountains.  In  the  vicinity  of  the 
valley  of  the  South  Platte  it  is  ofteu  fouud  to  b^  u)  umre  than  100  to 
400  feet  thick,  and  it  evidently  thins  out  toward  the  east,  beneath  the 
debris  of  the  plains.  Its  eastern  boundary  is  not  deduitely  known,  but 
it  has  been  recognized  a  few  miles  east  of  the  western  boundary  of  both 
Kansas  and  Nebraska.  West  of  the  Rocky  Mountains  it  is  much 
thicker,  reaching  in  western  Colorado  a  maximum  thickness  little,  if 
any,  less  than  4,000  feet  In  New  Mexico  it  also  reaches  a  great  thick- 
ness, and  its  strata  are  so  similar  to  those  of  the  Montana  formation, 
upon  which  they  rest,  that  they  have  ofteu  been  confounded  together 
by  geologists.  This  has  arisen  mainly  from  the  fact  that  not  only  are 
the  strata  of  both  formations  similar  in  lithological  and  strati  graphical 
character,  but  both  are  coal-bearing  and  fossils  in  large  portions  of  that 
district  are  rare,  especially  in  the  Laramie. 

It  is  within  the  limits  of  the  South  Interior  region  that  the  Arapaho, 
Denver,  and  Puerco  deposits  occur,  the  general  characteristics  of  all 
three  of  which  have  been  given  on  preceding  pages.  In  the  northwest- 
ern part  of  this  region  occurs  the  apparentl}^  exceptional  blending  of 
the  Laramie  and  Wasatch  strata,  which  has  been  described,  and  it  is 
in  that  part  of  the  region  that  the  strata  already  noticed  under  the 
probably  erroneous  name  of  the  Bear  Kiver  Laramie  are  found. 

Reviewing  the  fo: I'jfoing  discussion  of  the  Cretaceous  formations  of 
the  Soath  Interior  region  we  observe  that,  with  the  possible  exception 
of  some  Comanche  outliers  in  southern  Kansas,  their  vertical  range 
includes  none  that  are  older  than  the  Upper  Cretaceous ;  but  it  has 
been  found  desirable  to  disouss  some  later  deposits,  concerning  the  Cre- 
taceous age  of  which  opinion  is  divided.  Practically,  then,  we  ma^*^ 
regard  the  Dakota  formation  and  its  equivalent  strata  as  constituting 
the  base  of  the  Cretaceous  series  in  this  region,  while  its  upper  delimi- 
tation is  indefinite,  blending  in  some  places  with  the  overlying  Tertiary. 
There  is  good  reaeon  to  believe,  also,  that  during  the  deposition  of  the 
whole  Cretaceous  series  of  the  South  Interior  region  from  the  base  of 
the  Colorado  to  the  base  of  the  Wasatch  formation,  inclusive,  conti- 
nuity of  sedimentacion  was  never  at  all  points  wholly  interrupted.^ 

It  has  also  been  shown  that,  with  the  probable  excei)tion  of  some 
outliers  of  Comanche  strata  in  southern  Kansas,  all  tlie  Cretaceous 
formations  of  the  South  Interior  region  are  referable  to  the  Upper  Cre- 
taceous.   These  formations  have  been  distiuguished  from  one  another 


1  Sao  White,  C.  A.,  Bull.  U.  S.  Geol.  Surv.  No.  31,  vol.  5,  pp.  391-442* 


16i  THE   CRETACEOUS.  [BOLutt 

upon  both  paleontological  aud  stratigraphical  ground,  mainly  upon  the 
former,  and,  for  reasons  already  explained,  invertebrate  fossils  have  in 
most  cases  been  more  relied  upon  than  have  plant  and  vertebrate  re- 
mains. 

The  Dakota  formation  is  so  well  defined  that  no  difference  of  opinion 
as  to  its  identity,  characterization,  and  delimitation  has  ever  arisen 
among  the  geologists  who  have  studied  it  in  the  South  Interior  region. 
All  these  geologists  who  have  given  due  attention  to  paleontological 
evidence  in  connection  with  field  studies  have  agreed  upon  the  delimita- 
tions of  the  Colorado  and  Montana  formations  which  have  been  stated 
upon  preceding  pages,  although  some  of  them  have  subdivided  both  of 
these  great  formations.  It  is  probable,  however,  that  some  paleontolo- 
gists have  referred  certain  vertebrate  and  plant  remains  to  the  Laramie 
that  were  really  obtained  from  the  Montana  formation.  That  is,  for 
reasons  already  mentioned,  it  seems  probable  that  the  upper  delimita- 
tion of  the  Moutiina  and  the  lower  delimitation  of  the  Laramie  forma- 
tion cannot  be  clearly  defined  by  means  of  plant  and  vertebrate  remains. 

The  delimitation  of  the  Laramie  formation  and  the  data  upon  which 
it  has  been  recognized  have  already  l>eeii  discussed. 

The  following  table  represents  the  order  of  superposition  of  the  for- 
mations in  three  different  portions  of  the  South  Interior  region  that 
have  been  discussed  on  preceding  pages ;  but  its  arrangement  is  not 
intended  to  have  any  reference  to  the  question  of  equivalency  to  one 
another  of  the  formations,  especially  of  those  above  the  Laramie : 

New  Siexico.  Utah.  Colorado. 

1.  PaereobedH.  1..  Wasatch  formation.  1.  Deaver  forinatioD. 

2.  Laramie  formation.  2.  Laramie  formation.  2.  Arapaho  formation. 

3.  Montana  formation.  3.  Montana  formation.  3.  Laramie  formation. 

4.  Colorado  formation.  4.  Colorado  formation.  4.  Montana  formation. 

5.  Dakota  formation.  5.  Dakota  formation.  5.  Colorado  formation. 

6.  Not  definitely  known.  6.  Jaraasio.  6.  Dakota  formation. 

7.  Jiirasaic. 

THE  NORTH  INTERIOR  REGION. 

The  boundaries  of  this  region,  so  far  as  the^^  are  definable,  have 
already  been  indicated  in  connection  with  the  definition  of  the  bound- 
aries of  the  whole  Interior  area,^  and  they  are  also  shown  on  the 
map  (PI.  I)  opposite  page  72.  Those  boundaries  embrace  a  large  por- 
tion of  both  United  States  and  Canadian  domain.  Nearly  the  whole 
of  Montana  and  nearly  or  quite  the  whole  of  both  North  and  South 
Dakota  are  included  in  the  former  portion  of  the  region,  as  well  as 
parts  of  Nebraska,  Wyoming,  and  Idaho;  and  the  Canadian  portion 
includes  the  whole  of  the  districts  of  Assiniboia  and  Alberta,  the  greater 
part  of  Saskatchewan  and  Athabasca,  and  the  western  part  of  the 
province  of  Manitoba. 

1  See  pages  141  and  142. 
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Besides  the  great  area  included  witbiu  these  boundaries  evidence  has 
already  been  referred  to  as  indicating  that  a  large  part  of  both  Iowa 
and  Minnesota,  and  perhaps  also  the  eastern  part  of  Manitoba,  were 
once  occupied  by  Cretaceous  deposits  which  were  then  continuous  with 
those  of  this  region.  The  evidence  oP  this  former  eastward  extension 
of  the  Cretaceous  sea  far  beyond  the  limits  of  the  North  Interior  region 
as  they  have  been  defined  on  preceding  pages,  consists  of  the  presence 
of  numerous  outliers  of  Cretaceous  deposits  beneath,  and  of  much  of 
their  debris  mingled  with,  the  glacial  drift  at  numerous  places  in  tbe 
two  States  mentioned,  the  most  easterly  of  these  discoveries  being  near 
the  Mississippi  River.  Because  it  is  impracticable  to  define  a  boundary 
which  will  accurately  iuclude  all  those  outliers,  the  one  proposed  is 
thought  to  be  more  convenient  for  the  discussion  of  this  region,  and  the 
outliers  just  mentioned  will  be  again  referred  to  under  the  head  of 
Extra  Regional  Districts. 

Including  the  Laramie  among  the  Cretaceous  formations,  these 
boundaries  embrace  the  broadest  unbroken  Cretaceous  area  which  is 
known  to  exist  upon  this  continent,  it  being  fully  600  miles  across  both 
from  east  to  west  and  from  north  to  south.  A  large,  and  perhaps  the 
larger,  part  of  the  whole  region  is  occupied  by  the  Laramie  formation. 

The  Cretaceous  series  of  the  North  Interior  has  a  greater  chronolog- 
ical range  than  that  of  the  South  Interior  region.  That  is,  beneath  the 
Upper  Cretaceous  series<of  the  North  Interior  region,  which  is  held  to 
have  the  same  chronological  range  as  that  of  the  South  Interior  region 
there  is  found,  within  limited  areas,  another  formation  which  is  not 
known  to  occur  in  any  other  region.  This  formation,  because  of  its 
known  position  beneath  the  equivalent  of  the  Dakota  and  of  the  char- 
acter of  its  fossil  flora,  is  referred  to  the  Lower  Cretaceous,  and  it  is 
the  lower  delimiting  formation  of  the  whole  series  in  this  region.  In 
this  region,  as  in  the  South  Interior,  North  Mexican,  and  Texan  regions, 
the  Laramie  formation  constitutes  the  upper  delimiting  member  of  the 
series  and  reaches  a  greater  thickness  than  is  elsewhere  known.  Coal, 
or  lignite  as  it  is  usually^called,  prevails  throughout  the  Laramie  in 
this  region  at  many  horizons.  Much  of  it  is  of  good  quality,  but  at 
present  a  large  proportion  of  it  has  little  economic  value. 

Next  to  the  Cretaceous  rocks  of  tbe  Atlantic  and  Gulf  Border  re- 
gions, those  of  the  North  Interior  region  have  been  more  exhaustively 
studied  than  have  any  others  that  are  discussed  in  this  memoir;  and 
yet  considerable  difierences  of  opinion  have  arisen  among  geologists  as 
to  the  proper  delimitation  of  the  formations  which  constitute  the  series 
there,  and  also  as  to  tbe  true  geological  age  of  some  of  them.  These 
facts  have  been  discussed  to  some  extent  in  remarks  upon  the  Creta- 
ceous geology  of  the  South  Interior  region,  but  it  is  well  to  refer  to  them 
again  because  it  is  in  the  North  Interior  region  that  occurs  the  best 
known  and  earliest  published  section  of  the  Cretaceous  rocks  of  the 
Great  Interior  area.    This  section,  which  already  has  been  frequently 
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referred  to  under  tbo  name  of  the  Upper  Missouri  Cretaceous  section 
of  Meek  and  Haydeu,  has,  up  to  the  present  time,  really  remained  a 
standard  for  the  stmly  of  the  marine  Cretaceons  formations  of  tiie 
whole  of  the  Oreat  Interior  area,  although  subsequent  investigations 
have  shown  the  necessity  for  modifying  and  adding  to  if. 

At  the  time  Meek  and  Hayden  published  their  section,  as  .stated  on  a 
preceding  page,  they  regarded  the  Laramie  strata  at  the  few  localities 
where  they  had  studied  them,  not  as  the  great  formation  whicrli  it  is  now 
known  to  be,  but  as  separate  estuary  deposits,  all  of  which  tli*»y  re- 
ferred to  the  Tertiary.  They  also  then  had  no  knowledge  of  the  strata 
which  are  now  known  as  constituting  the  Kootanie,  or  of  those  which 
constitute  the  Belly  River  formation. 

The  following  table  represents  the  Cretaceous  formations  which  are 
now  recognized  in  the  North  Interior  region,  compared  and  correhited 
with  the  Upper  Missouri  River  section  aspublished  by  Meek  and  Uayden. 

Oeneral  section  of  the  North  Interior  region.  Meek  and  Hay<1cn'»  Upper  Misaonri 

section. 

'Laramie  formatiou Not  recognized  as  Cretaceons. 

Montana  formation j  i^^^^tSrt'^Zp. 

BeHy  River  formation Not  recotruizetl. 

Colorado  formation \  Niobrara  ^ronp. 

}  Fort  Ben  ton  group. 

i^  Dakota  formation Dakota  group. 

Lower  Cretaceons Kootanio  formation Not  recognized.    * 


Upper  Cretaceous  . .  i 


The  modification  for  the  South  Interior  region  of  the  section  which 
Meek  and  Hayden  adopted  for  the  formations  of  the  Upper  Missouri 
country  and  the  reasons  for  that  modification  have  been  discussed  on 
preceding  pages.  A  similar  modification  of  the  classification  of  the 
Cretaceous  formations  in  the  Xorth  Interior  region  is  indicated  in  the 
left-hand  column  of  the  foregoing  table,  where  also  is  shown  the  intro- 
duction of  members  not  inclnded  in  Meek  and  Hayden's  section.  So 
far  as  the  real  equivalents  of  the  different  members  of  the  Upper 
Missouri  section  are  concerned,  the  modification  which  it  is  thought 
necessary  to  recognize  in  the  North  Interior  region  is  ai»proxiniately 
the  same  as  that  which  has  been  proposed  for  the  Sonth  Interior  region. 
The  general  section  for  the  whole  region  is,  however,  still  further  modi- 
fied by  the  presence  in  the  former  region  of  two  formations  which  have 
been  made  known  mainly  b}"  the  labors  of  the  Canadian  geologists,  since 
Meek  and  Hayden's  section  was  published.  These  are  the  Koolauie 
and  Belly  River  formations,  the  place  of  the  former  being  beneath  the 
horizon  of  the  Dakota  formation  and  referable  to  the  Lower  Cretaceous, 
and  that  of  the  latter  at  the  base  or  perhaps  in  part  intercalated  within 
the  lower  portion  of  the  Montana  formation,  and  therefore  a  member  of 
the  Upper  Cretaceons. 

Among  the  noteworthy  features  of  the  Cretaceous  series  of  the  North 
Interior  region  are  three  non-marine  formations  of  great  thickness  and 
geographical  extent.    One  of  these  formations  is  the  Kootanie,  of  the 
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Lower  Cretaceous,  and  the  other  two  are  tbe  Belly  River  and  Lara- 
mie, of  the  Upper  Cretaceous.  These  uon-mariue  deposits  togethcM* 
apparently  exceed  in  bulk  all  the  marine  deposits  of  this  region,  and 
they  perhaps  represent  a  longer  lapse  of  time  than  tlie  latter.  It  is 
therefore  evident  that  a  consideration  of  continental  conditions  is 
essential  in  the  study  of  the  Cretaceous  geology  of  this  part  of  the 
continent. 

It  should  be  understood  that  the  section  which  is  indicated  in  the  left- 
hand  portion  of  the  foregoing  table  is  intended  only  for  general  appli 
cation  to  the  whole  North  Interior  region,  and  that  in  some  portions  of 
the  region  the  moditication  of  the  Cretaceous  formations  is  such  as  to 
make  it  difficult  to  recognize  the  exact  identity  of  some  of  those  which 
are  designated  in  the  table.  It  has  already  been  shown  that  the  divi- 
sions of  the  Cretaceous  section  which  were  adopted  for  the  South  Interior 
region  are  not  so  clearly  recognizable  in  its  extreme  southern  part  as 
they  are  in  its  more  northern  parts.  It  is«a  somewhat  similar  niodid- 
cation  that  certain  of  the  formations  of  the  general  section  of  tbe  North 
Interior  region  which  are  named  in  the  foregoing  table  seem  to  have 
undergone  that  makes  them  less  clearly  recognizable  in  some  parts  of 
the  region  than  they  are  in  others,  especially  in  the  westein  and  north- 
ern parts  as  compared  with  the  eastern.  For  example,  it  is  often  diffi- 
cult there  to  separate  the  Dakota  from  the  Colorado  formation.  Besides 
this,  the  Kootanie  and  Belly  River  formations  are  wanting  in  large  por- 
tions of  the  region,  even  where  other  Cretaceous  formations  occur,  and  it 
is  rarely  if  ever  the  case  that  all  the  recognized  formations  of  the  gen- 
eral section  have  been  found  in  co4)tact  with  one  another  in  any  one 
district  of  this  region. 

It  has  been  shown  in  connection  with  discussions  of  the  formations 
of  the  South  Interior  region  that,  while  it  is  practicable  in  many  cases 
to  indicate  approximately  the  limits  of  the  areas  which  are  occupied  by 
the  Cretaceous  deposit  as  a  whole,  it  is  seldom  practicable  to  deline  the 
geographical  boundaries  of  the  areas  occupied  by  separate  formations, 
and  their  discussion  therefore  has  had  reference  mainly  to  the  known 
localities  in  which  they  occur.  This  imperfect  condition  of  our  knowl- 
edge is  largely  due  to  the  fact  that  many  of  the  geologists  who  have 
reported  upon  those  formations  have  more  or  less  completely  ignored 
paleontological  characteristics,  by  which  alone  their  identity  can  be 
pertainly  detern  ined. 

A  similar  condition  of  things  exists  in  the  North  Interior  region  as 
regards  the  mapping  of  separate  Cretaceous  formations,  especially  south 
of  the  northern  boundary  of  the  United  States.  Much  more  accurate 
work  has  been  done  in  this  respect  in  the  Canadian  portion  of  the  region 
than  in  the  southern  portion.  Still,  it  frequently  will  be  found  imprac- 
ticable to  define  the  outlines  of  the  areas  occupied  by  the  separate 
formations. 
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THK  LOWER  CRETACEOUS. 

It  has  been  shown  that  while  both  the  Upper  and  Lower  Gretaceoas 
occur  in  the  Texan  and  North  Mexican  regions,  only  the  Upper  Cre- 
taceous has  been  certainly  recognized  in  the  South  Interior  region.  In 
the  North  Interior  region,  however,  a  formation  occurs,  namely  the 
Kootanie,  which  is  in  this  memoir  classified  as  Lower  Cretaceous,  and 
it  is  the  only  formation  in  this  region  which  is  referable  to  that  division 
of  the  system. 

The  first  recognition  of  the  Kootanie  as  a  distinct  formation  was  made 
by  Dr.  O.  M.  Dawson  in  1885,  and  in  the  same  year  the  name  which  it 
now  bears  was  proposed  by  Sir  J.  William  Dawson.*  The  district  within 
which  Dr.  Dawson  first  recognized  the  existence  of  this  formation  is  in 
western  Alberta.  It  embraces  a  i)ortion  of  the  Rocky  Mountain  Kange, 
together  with  the  adjacent  eastern  foothills.  Its  length  north  and  south 
is  about  140  miles,  and  its  width  about  40  miles.  The  whole  district 
within  which  the  Kootanie  strata  referred  to  exist  lies  between  the 
parallels  of  49^  and  52^  north  latitude,'  but  equivalent  strata  have  since 
been  recognized  elsewhere  by  means  of  its  peculiar  fossil  flora.  By 
means  of  the  specific  identification  of  fossil  plants  Prof.  Newberry-  has 
recognized  a  series  of  coal-bearing  strata,  which  occur  in  the  vicinity  of 
the  Great  Falls  of  the  Missouri,  in  Montana,  as  equivalent  to  the 
Kootanie  of  western  Alberta.^  The  geologists  of  the  Canadian  Survey, 
as  just  intimated,  have  also  recognized  identical  or  equivalent  strata  at 
various  localities,  some  of  which  are  far  northwestward  from  the  district 
in  which  the  Kootanie  was  first  discovered.  An  important  observation 
concerning  the  stratigraphical  relation  of  Mie  Kootanie  to  marine  Cre- 
taceous strata  of  the  Pacific  Border  region  has  been  made  at  one  of  these 
localities,  which  will  be  again  referred  to  in  the  discussions  of  the  forma- 
tions of  that  region. 

According  to  Dr.  Dawson,  the  Kootanie  formation  in  western  Alberta 
rests  uncomformably  upon  the  Carb>OGiiferous  and  Devonian  limestone 
series,  and  reaches  a  maximum  thickness  of  more  than  7,000  feet,  the 
beds  being  chiefly  shales  and  sandstones  of  various  texture  and  appear- 
ance, characteristic  Kootanie  species  of  plant  remains  ranging  through 
the  whole.* 

He  finds  these  strata  conformably  overlain  by  others  in  many  re- 
spects resembling  them,  which  he  refers  to  the  Dakota  formation;  and 
the  latter  overlain  by  others  referred  by  him  to  the  Benton  group  (the* 
lower  part  of  the  Colorado  formation).  The  former  reference  of  course 
implies  the  existence  of  a  time-hiatus  between  the  Dakota  and  the  Koo- 
tanie strata.  Still,  no  plane  of  their  iuterdelimitation  has  yet  been 
definitely  recognized. 


'  Koy.  Soc.  Canada,  Proc.  and  Trans.,  vol.  3,  nee.  4,  pp.  1-22. 
«GeoI.  Surv.  Cannda,  Ann.  llep.  for  IflSfi,  pp.  1-169  B. 
•See  School  of  Mines  Quarterly,  vol. 8,  pp.  327-330. 
«Geol.  Surv.  Canada,  Ann.  Rep.  for  1886,  pp.  1-167  B. 
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The  sum  of  all  the  evidence  yet  obtained  is  in  favor  of  regarding  all 
the  strata  referable,  or  equivalent,  to  the  Kootanie  as  of  non-marine 
origin,  and  I  have  therefore  so  treated  them  in  this  memoir.  Certain 
marine  fossils,  however,  have  been  discovered  in  Kootanie  strata  in 
western  Alberta.^  These  discoveries  do  not  seem  sufficient  to  indicate 
a  full  marine  origin  for  the  strata  in  which  they  were  made,  but  taken 
in  connection  with  the  observed  relation  of  the  Kootanie  to  marine  Cre- 
taceous strata,  which  is  to  be  noticed  in  treating  of  the  formations  of 
the  Pacific  Border  region,  they  seem  to  support  the  opinion  which  the 
Canadian  geologists  apparently  entertain,  that  the  Kootanie  was  in 
part  at  least  contemporaneous  with  the  marine  Queen  Charlotte  forma- 
tion of  the  Pacific  Border  region,  and  that  it  in  some  degree  merged 
into  that  formation. 

The  only  invertebrate  fossils  that  have  been  reported  as  occurring 
in  the  Kootanie  strata  of  the  Great  Falls  region  in  Montana  are  some 
sandstone  casts  of  a  bivalve  shell,  apparently  a  species  of  Unio,  ^  which 
were  found  by  Prof.  Newberry,  and  it  is  not  improbable  that  these  strata 
were  deposited  in  fresh  waters  at  the  same  time  with,  but  perhaps  sep- 
arated from,  those  in  which  the  northern  Kootanie  strata  were  depos- 
ited, by  intervening  land  upon  which  grew  the  plants  whose  deciduous 
leaves  were  cast  into  the  waters  upon  either  side. 

The  Montana  Kootanie  strata  occupy,  or  originally  occupied,  several 
hundred  square  miles,  but  its  limits  are  unknown.  The  area  occupied 
by  them  in  British  America  w^s  evidently  much  greater,  but  their  orig- 
inal extent  is  also  unknown. 

The  obscuration  of  any  plane  of  separation  which  may  exist  between 
the  Dakota  and  Kootanie  strata  that  Dr.  Dawson  observed  in  western 
Alberta  appears  also  to  obtain  in  Montana.  For  example, us  one  traces 
the  Cretaceous  formations  up  the  valley  of  the  Missouri,  upon  approach- 
ing the  Great  Falls  he  observes  a  series  of  strata  arising  from  beneath 
the  Fort  Benton  shales  which  have  the  general  aspect  of  those  of  the 
Dakota  formation,  and  upon  reaching  the  falls  he  finds  that  it  is  strata 
of  this  series  over  which  the  Missouri  River  plunges  there  and  which 
form  the  blufi;8  of  the  river  upon  both  sides.  All  the  strata  at  and 
near  the  falls  are  referred  to  the  Kootanie  by  Prof.  Newberry  and 
although  it  is  probable  that  the  Dakota  formation  is  represented  by  simi- 
lar and  conformable  strata  in  that  neighborhood,  it  seems  not  yet  to  have 
been  definitely  recognized  there  as  separate  from  the  Kootanie  strata. 
Since  such  chronological  evidence  as  marine  fossils  might  afi:brd  is  want- 
ing in  the  case  of  the  Kootanie  formation,  it  has  been  assigned  to  the 
Lower  Cretaceous  upon  the  evidence  furnished  by  its  fossil  plants  and 
by  its  stratigraphical  relation  to  other  formations  the  taxonomic  po- 


*  See  Whiteaves,  J.  F.,  Cont  Can.  Paleoot.,  vol.  1,  part  2,  p.  163  et  8eq. 

AIbo  Ann.  Rep.  Geol.  Sarv.  Canada  for  1885,  p.  162  B. 

*Tbefle  casts  sugKost  that  the  so-called  Ainerloan  types  of  CTnio  were  introdaced  mach  earlier  than 
was  before  known.  That  is,  the  sarfaco  is  sculptured  in  a  pattern  which  in  a  general  way  resembles 
that  of  certain  speoies  of  Unio  now  living  in  the  Mississippi  drainage  system. 
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sitioD  of  which  is  known.  The  character  of  some  of  tbe  plants  is  sach 
as  to  have  originally  raised  a  doabt  whether  the  formation  ought  not 
to  be  referred  to  the  Upper  Jurassic,^  but  the  subequeut  discovery  of 
strata  bearing  several  marine  species  belonging  to  the  fauna  of  the 
Queen  Charlotte  group  beneath  strata  bearing  characteristic  Kootanie 
plants '  leaves  no  reason  to  doubt' the  Cretaceous  age  of  the  latter. 

Dr.  Dawson  has  shown  that  in  western  Alberta  the  Kootanie  is  an 
imi)ortant  coal-bearing  formation,  aud  Prof.  Newberry  also  has  shown 
that  important  coal  beds  occur  in  the  strata  near  the  Great  Falls  of  the 
Missouri  which  he  refers  to  the  Kootanie. 

THE  UPPER  CRETACEOUS. 

The  names  of  the  formations  which  constitute  the  Upper  Cretaceous 
series  of  the  North  Interior  region  have  been  given  on  page  166.  Four 
of  them,  the  Dakota,  Colorado,  Montana,  and  Laramie,  are  regarded  as 
essentially  identical  with  those  which  are  designated  by  the  same  names 
in  the  South  Interior  region,  and  the  other,  the  Belly  River  formation, 
is  peculiar  to  the  North  Interior  region.  Only  two  of  them,  the  Colo- 
rado  and  Montana  formations,  are  of  marine  origin,  the  other  three, 
the  Dakota,  Belly  River,  and  Laramie,  being  of  non-marine,  all  three  of 
them  apparently  having  been  deposited  in  part  in  brackish  and  in  part 
in  fresh  waters.  It  will  thus  be  seen  that  of  the  whole  Cretaceous 
series  in  the  North  Interior  region  all  the  Lower  Cretaceous  strata 
and  the  greater  part  of  those  of  the  Upi)er  Cretaceous,  in  which  the 
Laramie  is  included,  are^of  non-marine  origin.  This  fact  has  already 
been  mentioned  as  implying  that  the  greater  4)art  of  all  the  Cretaceous 
strata  in  this  region  was  accumulated  under  continental,  that  is,  not 
under  true  marine  conditions. 

The  reports  of  the  field  geologists  of  both  the  Canadian  and  United 
States  surveys  make  it  evident  that  in  the  eastern  part  of  the  North 
Interior  region  the  Dakota,  Colorado,  and  Montana  formations  present 
considerable  difit'erences  from  the  groups  of  strata  which  respectively 
represent  them  in  the  western  part.  That  is,  in  the  eastern  part  the 
strata  constituting  or  representing  these  three  formations  are  more 
readily  referable  to  the  Upper  Missouri  section  of  Meek  aud  Hayden,  or 
to  the  modification  of  it  which  I  have  adopted  in  this  memoir,  than 
they  are  fn  the  western  part.  These  differences,  although  largely 
lithological,  are  in.  part  paleontological,  but  in  the  latter  respect  the 
hitherto  observed  difference  apt)ears  to  be  due  more  to  the  pancity  of 
fossils  than  to  actual  faunal  and  floral  variance.  Unfortunately  it  has 
not  yet  been  practicable  to  harmonize  these  differences  by  tracing  their 
physical  connection  across  the  broad  Cretaceous  area  of  this  region. 

Although  it  is  in  the  North  Interior  region  that  the  Dakota  formation 
was  first  recognized  it  has  been  found  exposed  in  only  a  small  pare  of  its 


I  See  remarks  of  Sir  J.  Wm.  Dawson  ia  Uoy.  Soc.  Gauada,  Proc.  and  Trans.,  toL  3,  seo.  4,  pp.  1-22. 
•  Am.  Jour.  Sci.,  1890,  vol.  38.  p.  120. 
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area,  even  where  other  Cretaceous  formations  occar.  In  no  part  of  the  re- 
gion, except  perhaps  in  the  vicinity  of  the  Bocky  Mountains,  does  its 
thickness  api)ear  t<o  exceed  the  few  hundred  feet  that  it  reaches  in  the 
South  Interior  region.  Although  it  is  not  frequently  exposed  at  the  sur- 
face, it  has  been  reached  by  artesian  borings  at  many  localities  in  both 
North  and  South  Dakota,  where  it  has  lately  attracted  considerable  atten- 
tion as  the  strata  which  have  furyished  abundant  flows  of  water  from  ar- 
tesian wells.^ 

The  most  characteristic  exposures  of  the  Dakota  formation  are  found 
in  the  southern  districts  of  this  region,  where  also  its  identity  is  clearly 
distinguishable.  Farther  westward  and  northwestward,  as  already 
mentioned,  the  strata  which  are  regarded  as  its*  equivalent  have  not 
been  found  to  present  all  the  distinctive  characteristics  which  the  for- 
mation presents  at  tbe  typical  localities,  and  it  is  probable  that  in  its 
extreme  northward  extension  it  either  disappears  or  loses  its  identity 
by  blending  with  the  next  overlying  Upper  Cretaceous  formation,  as  it 
is  now  understood  to  do  in  its  extreme  southward  extension. 

The  lithological  character  and  fossil  contents  of  some  of  the  Creta- 
ceous outliers  which  have  l>een  discovered  in  Iowa  eastward  from  the 
nominal  boundary  of  the  North  Interior  region,  where  tliey  rest'uncon- 
formably  ux)on  Paleozoic  rocks,  indicate  that  the  Dakota  deposits  prob- 
ably were  nearly  or  quite  coextensive  in  that  direction  witb  those  which 
are  referable  to  the  immediately  succeeding  epochs. 

The  Dakota  formation  has  been  discussed  or  referred  to  in  connection 
with  what  has  been  written  of  the  Texan,  North  Mexican,  South  Int<erior, 
and  North  Interior  regions,  but  the  following  general  remarks  are  added 
as  applicable  to  the  formation  in  its  whole  extent  and  they  are  regarded 
as  proper  in  this  place  because  the  formation  is  not  represented  in  the 
region  that  remains  to  be  discussed. 

As  has  already  been  stated,  this  formation  is  of  non-marine  origin 
and  originally  covered  a  remarkably  large  area  for  a  deposit  of  that 
kind.  In  some  districts  the  presence  of  the  remains  of  Unio  and  of  other 
forms  similar  to  those  which  are  usually  associated  with  living  species 
of  that  genus  shows  that  fresh  water  conditions  prevailed.  In  other 
districts  molluscan  forms  are  found  which  indicate  the  presence  of 
brackish  water,  and  in  the  southern  and  southeastern  portion  of  the 
great  area  which  the  formation  occupies  its  contained  fossils  show  that 
the  waters  in  which  it  was  accumulated  gradually  changed  from  a  fresh 
water  to  a  marine  character. 

Until  these  marine  remains  were  discovered  few  or  none  of  the  purely 
paleontological  data  derived  from  the  Dakota  formation  itself  gave 
satisfactory  indications  as  to  its  age,  and  that  question  was  vigorously 
discussed  by  geologists  and  paleontologists  for  several  years,  some  con- 


>See  Robert  Hay,  iu  Senatti  Mis.  Doc.  No.  170.  Fifty-firiit  Congroas,  firnt  su.ssiuD,  p.  &.  Alao  Warron 
Upham,  in  Am.  Gcoloi^i-it,  vol.G.  pp.  21l-t!21.  ilr.  (Jpliiim  gives  a  iisl  of  thirty  wells  in  wbich  water 
liowa  from  tbe  DatLota  sanUslone. 
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tending  for  its  Tertiary  and  some  for  its  Oretaceous  age  J  The  fact  that 
all  the  other  formations  which  in  this  memoir  are  referred  to  the  Upper 
Cretaceous  are  found  in  their  order  of  superposition  above  the  Dakota 
and  the  comparatively  late  discovery  that  its  strata  merge  into  an  umis- 
takably  marine  Cretaceous  formation  would  seem  to  leave  no  further 
room  for  such  discussion ;  but  it  is  nevertheless  true  that  within  the 
last  5  or  6  years  the  Tertiary  age  of  the  Dakota  formation  has  been 
again  suggested,  if  not  asserted.^  This  opinion  has  been  based  upon 
the  character  of  its  plant  remains,  which  prevail  in  nearly  all  the  dis- 
tricts in  which  the  formation  occurs,  its  other  fossils,  which  are  com- 
paratively rare,  never  having  entered  into  discussions  concerning  its 
age. 

It  has  already  been  mentioned  that  in  the  South  Interior  region  the 
Dakota  formation  rests  with  apparent  conformity  upon  the  Jur  tssic, 
where  the  two  formations  are  found  in  contact,  and  that  at  some  places 
it  rests  unconformable  upon  the  Carboniferous.  It  is  also  known  that 
while  the  Dakota  rests  witli  apparant  conformity  upon  both  the  Koota* 
nie  and  the  Jurassic  in  the  North  Interior  region  its  outliers  in  Iowa 
rest  unconformably  upon  the  Paleozoic  rocks.  Because  the  Dakota  for- 
mation is  referred  to  the  Upper  Cretaceous  it  can  not  be  conceded  that 
its  apparent  conformity  upon  the  Jurassic  is  real  or  at  least  that  there 
is  not  a  great  time-hiatns  between  them ;  and  in  view  of  the  compara- 
tively recent  character  of  the  Dakota  flora  and  the  ancient  character  of 
that  of  the  Kootanie  we  have  necessarily  inferred  that  there  is  a  very 
great  time-hiatus  between  these  two  formations  also. 

That  a  marine  formation  should  be  found  to  preserve  its  identity  over 
a  great  geographical  area  need  excite  no  surprise,  but  it  is  remarkable, 
even  in  view  of  what  we  know  of  the  great  extent  and  integrity  of  the 
Laramie,  that  a  non-marine  frequently  coal-bearing  formation  like  the 
Dakota,  which  has  a  thickness  seldom  exceeding  500  feet,  should  pre- 
serve its  integrity  of  character  over  an  area  little,  if  any,  less  than  1,000 
miles  in  extent,  both  north  and  south  and  east  and  west,  not  including 
its  marine  equivalents  in  the  Texan  and  North  Mexican  regions. 

Strata  representing  the  Colorado  formation  as  it  has  been  defined  in 
connection  with  discussions  of  the  formations  of  the  South  Interior 
region,  that  is,  those  which  represent  both  the  Fort  Benton  and  the 
Niobrara  groups  of  Meek  and  Hayden's  Upper  Missouri  section,  have 
been  recognized,  not  only  in  the  southern,  but  in  the  far  northern  por- 
tions of  the  North  Interior  region.  In  the  southern  portions  of  the  re- 
gion the  lithological,and  in  part  the  paleontological, differences  between 
the  upper  and  lower  portions  of  the  Colorado  formation  are  such  that 
Meek  and  Hayden  regarded  each  portion  as  properly  constituting  a 
separate  group,  as  has  already  been  shown ;  but  north  of  the  forty-ninth 
parallel,  where  the  Canadian  geologists  have  studied  it  with  care,  the 

'  See  the  historical  sketob  in  the  introductory  portion  of  tliis  memoir. 

'See  J.  Starkie  Gardner.  British  Assooifttion  Report  of  the  54th  Meeting,  London,  1885,  pp.  739-741. 
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presence  of  the  Niobrara  portion  as  separate  from  the  eqaivalentof  the 
Fort  Benton  portion  has  not  been  clearly  recognized  upon  paleoutological 
ground.  Indeed,  those  geologists  seem  to  have  experienced  some  diffi- 
culty in  recognizing  both  the  upper  and  lower  limit  of  the  equivalent  of 
the  Colorado  formation  north  of  the  forty-ninth  parallel.  This  difficulty, 
appears  to  have  arisen  in  part  from  the  presence  of  the  Belly  Kiver 
formation  within  a  considerable  area,  and  from  the  apparent  uncertainty 
whether  that  formation  rests  wholly  between  the  Colorado  and  Mon- 
tana or  is  intercalated  in  the  latter  formation  near  its  base. 

That  the  true  equivalent  of  the  Colorado  formation  is  coextensive 
with  the  other  marine  members  of  the  Upper  Cretaceous  series  in 
British  America  there  seems  to  be  abundant  reason  for  believing,  and  if 
it  were  not  for  certain  modifications  which  all  those  formations  have 
undergone  in  their  northerly  extension,  and  for  the  presence  there  of 
the  Belly  Biver  formation,  the  relation  of  the  equivalent  of  the  Colo- 
rado to  that  of  the  Dakota  and  Montana  iormations  would  doubtless  be 
essentially  the  same  as  it  is  in  other  parts  of  the  Great  Interior  area. 
Still,  if  the  Cretaceous  series  north  of  the  forty-ninth  parallel  had  been 
fully  and  independently  investigated  before  the  publication  of  Meek  & 
Hayden's  section,  it  is  doubtful  whether  the  results  would  not  have 
varied  from  that  section,  even  more  than  the  modification  of  it  which  is 
proposed  on  page  158. 

However  indefinite  the  upper  and  lower  limits  of  the  Colorado  forma- 
tion may  be  in  certain  districts,  it  is  true  that  the  strata  which  consti- 
tute it  and  its  .equivalents  form  a  very  distinct  Cretaceous  horizon  or 
Bubhorizon  within  a  large  part  of  the  interior  portion  of  North  Amer- 
ica.^ By  comparing  with  one  another  the  various  tables  which  have 
been  presented  on  preceding  pages  it  will  be  seen  that  the  Colorado 
horizon  may  be  traced  from  the  district  of  Alberta,  and  apparently 
Irom  much  farther  northward  in  British  America,  southward  through 
the  Oreat  Interior  area  to  the  valley  of  the  Eio  Grande,  and  thence 
eastward,  where  it  is  understood  to  blend  with  the  horizon  that  is  repre- 
sented by  the  Montana  formation  in  the  Interior  regions.  This  matter 
will  be  further  discussed  on  following  pages  under  the  head  of  Horizons 
of  the  North  American  Cretaceous. 

The  Belly  River  formation  is  found  occupying  the  surface  within  a 
large  area  which  embraces  portions  of  the  Canadian  districts  of  Assini- 
boia,  Saskatchewan,  and  Alberta,  the  Canadian  geologists  having  traced 
it  continuously  as  far  north  in  northern  Alberta  as  the  parallel  of  53^ 
3(K.  This  area  is  not  less  than  300  miles  across  by  its  longer  diameter, 
but  that  which  the  deposit  originally  occupied  was  evidently  much 
larger.  The  Belly  River  strata,  whicb  reach  a  known  maximum  thick- 
ness of  not  less  than  1,000  feet,  as  well  as  its  fossil  fauna  and  flora,  are 

^Beoanseof  tho  intimate  relation  of  the  equivalents  of  the  Colorado  \rtth  tlioge  of  the  Montana 
formation  in  the  sonthcm  and  eastern  Crctnccous  regions,  I  have  treated  the  strata  which  those  for- 
mations re8]>ectively  represent  in  iht*  North  Interior  region  as  sab-horizons.  See  following  pagea, 
where  this  unnsnal  nse  of  the  term  horison  ia  explained. 
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Bimilar  in  character  to  those  of  the  Larauiie,  many  of  the  fossil  species 
of  both  formations  including  vertebrates,  invertebrates  and  plants,  be- 
ing regarded  as  identical.  The  Belly  River  strata  also  constitute  an 
important  coalbeariug  formation.' 

•  Typical  exposures  of  these  strata  are  found  in  the  valley  of  the  Belly 
Biver,  a  tributary  of  the  South  Saskatchewan,  from  which  circumstance 
Dr.  G.  M.  Dawson  gave  them  the  name  by  which  the  formation  is  now 
known.^  Certain  observed  conditions  of  strata  exposed  along  the  Mis- 
souri Biver  in  northern  Montana  apparently  indicate  its  presence  there* 
It  also  seems  not  improbable  that  some  of  the  strata  in  the  upper  part 
of  the  valley  of  Musselshell  Biver,  in  Montana,  which  have  been  re- 
ferred to  the  Laramie,^  i^ally  belonged  to  the  Belly  Biver  formation. 
If  strata  of  this  formation  really  exist  there  they  probably  were  origi- 
nally continuous  with  tbose  of  the  Belly  Biver  Valley.  At  present, 
however,  almost  nothing  is  known  of  either  its  southern  or  eastern 
limit,  but  it  is  known  not  to  reach  so  far  east  as  western  Manitoba.* 

Within  a  district  drained  by  Peace  Biver,  and  near  the  fifty-sixth  par- 
allel of  north  latitude,  there  are  certain  beds  of  non-marine  origin  which 
are  underlain  and  overlain  by  marine  Cretaceous  strata  apparently  repre- 
senting the  Colorado  and  Montana  formations  respectively.  These  beds 
are  designated  as  the  Dunvegan  series  by  the  Canadian  geologists,  who 
regard  them  as  corresponding  to  the  Belly  Kiver  formation,  more  or 
less  completely,  and  as  representing  the  northwestern  continuation 
along  the  eastern  base  of  the  Bocky  Mountains  of  the  conditions  under 
which  the  Belly  Biver  strata  were  deposited,^  but  the  northern  and  south- 
ern areas  have  not  yet  been  definitely  connected  by  continuous  tracing 
of  outcrops.  It  is  evident  that  the  Dunvegan  series  thins  out  toward 
the  east  from  the  base  of  the  Rocky  Mountains,^  and  it  already  has  been 
shown  that  the  strata  whi  ch  are  definitely  referred  to  the  Belly  Biver 
formation  also  thin  out  in  that  direction.  Mr.  B.  G.  McConuelPs section 
on  Athabasca  River  also  indicates  an  eastward  thinning  out  of  the  Dun- 
vegan series.''  The  following  remarks,  however,  are  intended  to  apply 
more  especially  to  the  Belly  River  group  as  represented  by  its  expo- 
sures on  Belly  Biver. 

Like  the  Laramie,  this  formation  rests  directly  upon  marine  Creta- 
ceous strata,  and  it>s  faunal  and  fioral  remains  are  also  closely  like  those 
of  that  group,  both  indicating  an  intracontinental,  non-marine,  but  not 

1  Canadian  Naturalist,  vol.  10,  pp.  423,  et  seq. 

*Geol.  Snrv.  Canada,  Report  of  Progress  for  1880,  '81,  '82,  pp.  1-23  B. 

*Seo  Lindgren,  W.,  Tenth  Census  cf  the  Uniled  States,  vol.  15,  pp.  743-746. 

*  See  Tyrrell,  J.  B.,  Am.  Jour.  Sci„  vol.  40, 1890,  p.  228. 

■See  Ann.  Report  Geol.  Snrv.  Canada  for  1882-'84,  p.  118  C ;  ib.  for  1881-82,  p.  8  B;  and  Trans.  Roy.  Soo. 
Canada,  vol.  3,  sec.  4,  p.  18.  Compard  also  Ann.  Kep.  Geol.  Surv.  Canada  for  1879-'80,  pp.  115, 116,  et  seq, 
where  the  lower  sandstones  and  shales,  or  Dunvegan  series,  arc  characterized,  and  the  existence  of  a 
great  clayey  fresh- water  intercalation  in  the  Cretaceous  is  recognized. 

*  See  column  Y  on  p.  128  B,  of  report  last  cited,  where  a  thickness  of  only  100  feet  is  tissignad  to  this . 
series  on  Smoky  River. 

'See  report  last  cited,  pp.  132, 133  B;  Ann.  Rep.  GeoL  Snrr.  Canada,  for  1884, p.  40,  and  Am.  Jour. 
BcL,  1881,  vol.21,  p. 393. 
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wholly  fresh-water  origin.  Unlike  the  Laramie,  the  Belly  Kiver  for- 
mation is  immediately  overlain,  as  well  as  underlain  by  marine  Creta- 
ceous strata.  The  marine  strata  which  overlie  the  Belly  Eiver  are  cer- 
tainly referable  to  the  Montana  formation,  but  whether  they  represent  the 
whole  of  that  formation  or  not  it  is  at  present  impossible  to  say.  That 
is,  it  is  not  3^et  certainly  known  whether  the  Belly  River  formation  is  inter- 
posed betweeu  the  top  of  the  Colorado  and  the  base  of  the  Montana  or 
betweenalargeupper  and  asmali  lower  part  of  the  last-named  formation. 
The  former  condition  is  assumed  to  exist,  nithough  it  is  not  yet  certain 
that  some  of  the  fossil  species  discovered  beneath  Belly  Kiver  strata  do 
not  also  occur  in  the  Montana  formation. 

Although  the  area  occupied  by  this  non-marine  formation  is,  or  orig- 
inally was,  several  thousand  square  miles  in  extent,  its  presence  as 
such  among  the  Cretaceous  formations  excites  no  surprise  in  view  of 
the  existence  of  such  non-marine  formations  as  the  KooUinie,  Dakota, 
and  Laramie,  at  least  two  of  which  have  much  greater  geographical 
extent  than  has  the  Belly  River  formation.  What  gives  this  formation 
especial  interest  is  the  intimate  relation  of  its  fauna  and  flora  to  those 
of  the  Laramie,  although  these  two  non- marine  formations  are,  in  the 
district  within  which  both  are  now  known  to  occur,  separated  by  a 
great  thickness  of  strata  which  are  unmistakably  of  marine  origin. 

This  faunsil  and  floral  relationship  is  not  only  of  that  character  which 
appears  upon  a  general  comparison,  and  which  is  shown  by  identity  of 
certain  of  the  families  and  genera  which  are  found  in  the  strata  of  each 
formation,  but  a  considerable  number  of  the  species  in  each  are  iden- 
tical with  those  of  the  other.^  That  certain  species  of  plants  and  of  air- 
breathing  animals  should  have  survived  fi*om  the  Belly  River  epoch 
through  the  Montana  and  into  the  Laramie  epoch  is  in  accord  with  well 
known  facts  of  that  character.  In  this  case,  however,  we  find  that  cer- 
tain  of  the  Laramie  species  which  survived  from  the  Belly  River  into 
the  Laramie  epoch  are  gill-bearing  mollusks  of  fresh  and  brackish  water 
types.  Their  survival  implies  the  continuity  of  congenial  aqueous  con- 
ditions of  habitat  from  one  epoch  to  the  other  through  an  intervening 
one,  because  their  specific  identity  in  both  the  earliest  and  latest  of 
these  three  epochs  implies  direct  genetic  descent. 

It  Is  not  to  be  supposed  that  the  mollnscan  fauna  referred  to  could 
have  survived  in  the  marine  waters  of  the  Montana  epoch  that  subse- 
quently prevailed  over  the  ground  which  they  had  occupied,  and  we 
therefore  must  conclude  that  the  fresh-water  habitat  of  the  Belly  River 
mollnscan  fauna  was  shifted,  not  destroyed,  during  that  epoch.  Such 
a  shifting  must  necessarily  have  been  caused  by  subsidence  and  eleva- 
tion respectively  of  land  and  sea  bottom  or  by  subsidence  and  gradual 
filling  of  aqueous  areas.  The  conditions  ihat  have  been  observed  sug- 
gest a  subsidence  which,  at  the  close  of  the  Belly  River  epoch,  brought 
marine  waters  upon  the  whole  or  a  part  of  the  area  which  had  pre- 

1  See  Wbitoavea,  J.  F.,  Cont.  Canadian  Poleont.,  vol.  1,  pp.  5^-63. 
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viously  been  occupied  by  the  land-locked  Belly  Biver  sea,  and  prob- 
ably shifted  a  portion  of  that  sea  upon  districts  which  previously 
were  occupied  by  dry  {i^round.  An  elevation  or  filling,  or  both,  is  also 
suggested,  which,  at  the  close  of  the  Montana  epoch,  caused  the  with- 
drawal of  the  marine  waters  of  that  epoch  from  the  area  upon  which 
they  had  previously  encroached,  not  only  restoring  the  previous  non- 
marine  condition  there,  to  be  continued  during  the  Laramie  epoch,  but 
probably  then  completing  the  final  retirement  of  all  marine  Cretaceous 
waters  from  the  interior  portions  of  the  continent. 

Although  the  suggestions  which  have  just  been  made  as  to  the  occur- 
rence of  certain  physical  changes  and  to  their  resulting  conditions  seem 
to  be  fully  warranted  by  the  facts  referred  to,  it  is  true  that  no  observa- 
tion has  yet  been  made  of  a  complete  thinning  out  of  the  Belly  Biver 
formation  in  any  direction,  or  of  its  blending  with  the  Laramie  by  the 
absence  or  by  the  thinning  out  of  the  Montana  formation.  It  is  rea- 
sonable, however,  to  infer  that  such  conditions  existed  and  to  expect 
that  observations  confirming  these  suggestions  may  yet  be  made.  The 
following  diagram  represents  the  supposed  chronological  relation  of 
the  Belly  Biver  formation  with  other  members  of  the  Upper  Cretaceous 
series  of  the  North  Interior  region,  and  its  supposed  community  of 
origin  with  the  Laramie  formation.  The  vertical  width  of  the  divi- 
sions of  the  diagram  has  no  reference  to  the  relative  thickness  of  the 
formations  which  they  respectively  represent. 

Diagram  showing  the  relations  to  one  another  of  the  Upper  Cretaceous 

formations. 
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The  left-hand  portion  of  the  diagram  represents  the  relation  of  the 
four  Upper  Cretaceous  formations  «as  they  are  known  in  the  southern 
part  of  the  North  Interior  region,  the  middle  portion  represents  the 
observed  relations  of  those  formations  including  the  Belly  Biver,  while 
the  right-hand  portion  represents  the  supposed  passage  of  the  Belly 
Biver  into  the  Laramie  formation.  A,  assumed  point  where  the  Belly 
Biver  thins  out  between  the  Colorado  and  Montana  formations.*  B, 
assumed  point  of  union  of  the  Belly  Biver  and  Laramie  formations. 

From  the  foregoing  diagram  and  the  remarks  preceding  the  same  it 
will  be  seen  that  the  continental  conditions  which  produced  the  Lara- 


» Mr.  J.  B.  Tyrrell  has  recently  shown  that  the  Belly  River  formation  is  not  present  between  the 
eqaivalents  of  the  Colorado  and  Montana  formations  in  western  Manitoba.    It  therefore  has  thinned 
out  toward  the  eaat.   See  Am.  Jooi.  &ci.,l^!Mi  No\.4Si,^.*22A. 
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inie  formation  and  favored  the  development  of  the  fauna  and  flora  which 
charactedze  it  are  understood  to  have  prevailed  over  a  portion  of  that 
part  of  the  continent  which  is  now  designated  as  the  North  Interior 
region  long  before  the  begining  of  the  Laramie  epoch  as  it  is  repre- 
sented by  the  formation  which  now  boars  that  name.  That  is,  those  con- 
ditions are  understood  to  have  been  continuous  from  the  beginning  of  the 
Belly  Biver  epoch,  if  not  from  a  preceding  one,  to  the  close  of  the  Lar- 
amie epoch;  and  if  the  Belly  River  and  Laramie  formations  are  ever 
found  in  contact  they  will  doubtless  constitute  a  single  formation,  the 
lower  part-of  which  only  was  formed  contemporaneously  with  the  Mon- 
tana formation. 

The  Montana  formation  extends,  or  originally  extended,  over  much 
the  greater  part  of  the  North  Interior  region,  recognizable  exposures 
of  it  having  been  observed  at  numerous  localities  from  the  northern  to 
the  southern  and  from  the  eastern  to  the  western  borders.  Fossils 
found  in  the  Cretaceous  outliers  in  Iowa  and  Minnesota,  which  already 
have  been  mentioned,  indicate  that  these  strata  originally  extended  as 
far  eastward  as  the  Mississippi  River. 

The  lithological  characteristics  of  the  Montana  formation  are  quite 
uniform  over  large  portions  of  this  region,  in  which  respect  it  does  not 
greatly  differ  from  that  part  of  it  which  lies  in  the  South  Interior 
i*egion.  The  Canadian  geologists  find  that  in  this  region,  especially 
in  its  eastern  part,  the  up[)er  portion  of  the  formation  is  largely  com- 
posed of  sandy  material,  and  that  the  lower  portion,  that  which  repre- 
sents the  Fort  Pierre  group  of  the  Upper  Missouri  section,  is  frequently 
clayey  or  shaly. 

In  all  parts  of  the  North  Interior  region,  as  well  as  elsewhere,  wher- 
ever the  Laramie  has  been  found  resting  upon  the  Montana  formation, 
their  conformity  with  each  other  appears  to  be,  and  doubtless  is,  com- 
plete; and,  as  before  stated  in  connection  with  the  discussion  of  the 
Great  Interior  area,  both  formations  appear  to  have  been  the  result  of 
continuous  sedimentation  from  the  lower  to  the  upper  formation,  not- 
withstanding the  freshening  of  the  waters  in  which  the  latter  was  de- 
posited. The  conformity  of  the  Montana  with  the  Belly  River  forma- 
tion, wherever  it  has  been  observed,  also  appears  to  be  complete;  but, 
if  the  suggested  shifting  of  the  areas  which  their  respective  waters 
occupied  really  occurred,  some  degree  of  unconformity  must  have  re- 
sulted, although  it  may  not  anywhere  have  been  important.  Still, 
wherever  the  Montana  formation  has  been  found  resting  upon  the 
Colorado  their  conformity  seems  to  be  complete. 

The  general  characteristics  of  the  Laramie  formation  have  already 
been  stated  on  preceding  pages,  and  as  they  are  practically  the  same 
in  the  North  Interior  region  that  they  are  elsewhere  the  subordinate 
differences  only  need  be  pointed  out.  Its  southern  extension  into  the 
South  Interior,  North  Mexican,  and  Texan  regions  has  already  been 
discussed,  and  it  has  also  been  shown  to  extend  to  near  the  fiftyliith 
Bull.  83 12 
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parallel  of  north  latitude,  or  to  within  five  degrees  of  the  designated 
northern  bouudary  of  the  North  Interior  region.  The  strata  at  the 
localities  north  of  this  northern  boundary,  in  which  Laramie  species 
of  plants  have  been  found,  were  doubtless  deposited  in  two  or  more 
separate  bodies  of  water,  as  mentioned  on  page  146.^ 

The  Laramie  is  really  the  most  conspicuous  of  the  Upper  Cretace- 
ous formations  of  this  region,  on  account  of  its  great  maximum  thick- 
ness, which  the  Canadian  geologists  estimate  at  not  far  from  7,000 
feet,  and  of  the  great  area  within  which  it  occupies  the  surface.  Being 
not  only  the  latest  of  the  Cretaceous  series,  but  with  slight  exceptions 
the  uppermost  of  all  the  sedimentary  deposits  of  this  great  region,  it 
covers  from  view  a  large  part  of  all  the  Cretaceous  formations  there 
which  are  older  than  itself.  Therefore,  in  the  greater  part  of  that  per- 
tion  of  this  region  which  upon  the  accompanying  map  is  represented 
as  being  occupied  by  Cretaceous  rocks,  it  is  the  Laramie  alone  that 
occupies  the  surface  beneath  the  soil. 

Students  of  the  plant  remains  of  the  Laramie  formation  often  have 
recognized  a  considerable  diiference  between  those  of  the  upper  and 
lower  xK)rtions  respecti  vely,  but  except  in  the  Canadian  districts  no  defi- 
nite division  of  the  great  formation  has  been  made  upon  stratigraphical 
grounds.  There  the  Canadian  geologists  have  recognized  three  divi- 
sions of  the  Laramie  on  account  of  certain  differences  in  the  character 
of  the  strata,  and  they  also  find  that  certain  species  of  plants  are  char- 
acteristic of  each  division.^  The  molluscan  fauna  of  the  whole  forma- 
tion in  this  region  is,  however,  so  nearly  identical  with  that  of  all  other 
portions  of  it  in  other  regions  that  further  reference  to  it  is  now  deemed 
unnecessary. 

The  two  upper  divisions  of  the  Laramie,  which  are  recognized  by  the 
Canadian  geologists,  are  distinguishable  over  a  great  part  of  the  Korth 
Interior  region.  They  are  not  understood  as  respectively  representing, 
except  perhaps  in  a  general  way,  those  strata  in  central  Colorado  which 
have  received  the  names  Denver  and  Arapaho  groups,  although  those 
northern  upper  divisions  probably  represent  them  approximately  as  to 
time. 

The  lower  delimitation  of  the  full  Cretaceous  series  in  the  North  Inte- 
rior region  is  by  the  Kootauie  formation,  which,  according  to  Dr.  Daw- 
son,^ rests  unconformably  upon  the  Carboniferous  and  Devonian  lime- 
stone series.  The  Kootanie  formation,  as  already  mentioned,  was  form- 
erly thought  to  occupy  the  lowest  position  in  the  Cretaceous  system,  and 
some  doubt  was  entertained  whether  it  ought  not  to  be  referred  to  the 
Jurassic;  in  the  discussion  of  the  formations  of  the  Pacific  Border  re- 
gion, we  shall  see  that,  while  it  is  now  regarded  as  referable  to  the  Lower 

*  See  DawBOD,  Q.  M.,  Later  Pbys.  GeoL  Rooky  Mt  Begion  in  CanacUu    Trans.  Boy.  Soa  Canada,  1880, 
vol.  8,  sec.  4,  sketch  map  No.  3. 

'See  DawsoD,  Sir  J.  W.,  Boy.  Soo.  Can.  Trans.,  vol.  4,  sec.  4,  pp.  19-34. 

*  Dr.  Dawson  seems  now  to  bo  in  doubt  whether  any  of  these  underlying  strata  ought  to  be  referred 
to  the  Devonian. 
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Gretaceoas,  certain  other  Cretaceoas  strata  underlie  it.  The  upper 
delimitation  of  the  Lower  Cretaceous  of  this  regiou  is  also  by  the  Koo- 
tanie,  uo  other  formation  having  been  recognized  as  occupying  a  position 
between  it  and  the  base  of  the  equivalent  of  the  Dakota. 

The  lower  delimitation  of  the  Upper  Cretaceous  series  of  this  region 
is  by  the  Dakota  formation,  and  its  upper  by  the  Laramie. 

Sedimentation  is  believed  to  have  been  continuous  within  at  least  some 
]>ortionsof  this  region  from  base  to  top  of  the  series,  the  interruptions 
at  the  places  where  the  shifting  of  the  waters  of  the  Belly  Kivcr  and  the 
Montana  seas  took  x>l^ce,  as  suggested  in  preceding  pariigraphs,  not 
having  been  general.  That  is,  it  is  believed  that  sedimentation  was  at 
no  time  at  all  points  wholly  interrupted  from  the  beginning  of  the 
Dakota  to  the  close  of  the  Laramie  epoch. 

The  following  table  shows  the  relation  to  one  another  of  the  formations 
of  the  North  Interior  region  and  their  order  of  superposition,  and  Dr. 
6.  M.  Dawson's  table  on  a  following  page  will  show  to  some  extent  his 
view  of  their  correlation  with  the  formations  of  the  Pacific  border 
region. 

Ta^le  of  the  Cretaceous  formations  of  the  North  Interior  region. 

1.  Laramie. 

2.  Montana. 

3.  Belly  Eiver. 

4.  Colorado. 

5.  Dakota. 
(Probable  hiatus.)^ 

6.  Kootanie. 
(Hiatus.) 

7.  Carboniferous  and  Devonian. 

Briefly  reviewing  the  preceding  discussion  of  the  Cretaceous  geology 
of  the  six  regions  which  occupy  the  central,  southern,  and  eastern  x)or- 
tions  of  the  continent  we  observe  that  certain  of  the  facts  there  re- 
corded have  special  significance  and  importance  with  reference  to  the 
character,  and  to  the  order,  of  the  events  which  took  place  on  this  con- 
tinent dunng  Cretaceous  time.  Among  the  most  remarkable  fticts  per- 
taining to  the  geology  of  the  regions  that  have  been  discussed  are  those 
which  show  that  a  large  part  of  the  formations  which  are  referred  to 
the  Cretaceous  are  of  non-marine  origin,  that  they  range  in  age  from 
the  earliest  to  the  latest  epoch  of  Cretaceous  time,  and  that  they  are 
all  of  great,  and  some  of  them  of  remarkable,  geographical  extent. 

A  part  of  the  facts  referred  to  relate,  on  the  one  hand,  to  the  corre- 
lation of  certain  of  the  Cretaceous  formations  in  each  of  the  regions 

*  Some  handreds  of  feet  in  thicknoas  of  strata  occar  in  the  Kootanie  section  between  the  uppermost 
stratum  known  to  bear  Kootanie  fossils  and  the  lowermost  one,  which  Dr.  Dawson  has  found  to  bo 
satisfactorily  referable  to  the  Dakota.  He  informs  me  in  a  private  note  that  he  therefore  doca  not 
now  feel  laro  that  those  strata  do  not  repMseat  all  the  time  betwiMU  \.b«  lLQoVauV«aa&s^'V>l^lA^a^«\^wi^^ 
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meutioued  with  others  respectively,  which  occur  in  all  the  other  re- 
gions ;  and  on  the  other  hand,  to  the  existence  of  certain  deposits  in 
each  of  the  regions  that  are  not  known  to  be  represented  in  others.  For 
example,  the  difficulty,  if  not  the  impracticability,  of  correlating  non- 
marine  with  marine  formations  makes  it  quite  uncertain  whether  the 
Kootauie  of  the  North  Interior  region  was,  or  was  not,  contemporane- 
ous in  its  origin  with  the  Comanche  series  of  the  Texan  and  North 
Mexican  regions;  and  none  of  the  great  physical  changes  which  are 
known  to  have  occurred  on  the  continent  appear  to  offer  any  valuable 
suggestions  on  this  subject.  For  similar  reasons  none  of  the  non-ma- 
rine formations  of  the  Great  Interior  area  have  been  satisfactorily  cor- 
related with  the  formations  of  the  Atlantic  and  Gulf  Border  regions. 
Therefore  the  correlation  which  has  been  recognized  as  extending  to  all 
six  of  the  regions  referred  to  is  confined  primarily  to  the  marine  forma- 
tions of  the  Upper  Cretaceous,  but  secondarily  extended  to  the  non- 
marine  because  of  their  known  stratigraphical  relation  to  some  of  the 
former. 

While  approximately  definite  correlation  is  practicable  for  the  regions 
mentioned  we  shall  see  that  satisfactory  correlation  of  any  of  the  Cre- 
taceous formations  of  the  Pacific  Border  region  with  any  of  those  of 
all  the  other  regions  has  not  yet  been  accomplished.  This  statement 
applies  to  the  marine  as  well  as  to  the  non-marine  formations,  and  even 
to  those  which  presumably  were  of  contemporaneous  origin.  It  is  ex- 
pected that  the  nearest  approach  to  their  correlation  will  be  made 
through  the  Cretaceous  formations  of  British  Columbia,  some  progress 
in  which  has  already  been  made  by  the  Canadian  geologists;  and  it  is 
highly  probable  that  future  investigation  of  the  Mexican  Cretaceous 
formations  will  throw  much  light  upon  this  subject. 

No  evidence  of  the  existence  of  coal  has  yet  been  found  among  any 
of  the  Cretaceous  strata  of  either  the  Atlantic  border  or  the  Gulf  border 
regions,  but  some  unimportant  beds  of  lignite  are  reported  to  exist  in 
strata  of  the  lower  division  of  the  Cretaceous  series  in  the  first-named 
region.  In  the  Texan  region  coal  has  been  found  in  Cretaceous  strata 
only  in  the  valley  of  the  Rio  Grande,  and  only  in  the  upper  formations 
of  the  Upper  Cretaceous,  namely,  the  Eagle  Pass  beds,  and  the  Lara- 
mie formation,  and  a  similar  condition  prevails  in  the  North  "Mexican 
region.  That  is,  in  these  two  southern  regions  coal  is  not  known  to 
have  been  found  in  either  the  Lower  Cretaceous  or  in  the  lower  portion 
of  the  Upper  Cretaceous.  In  the  South  Interior  region,  however,  all  the 
Cretaceous  formations,  from  the  Dakota  to  the  Laramie  inclusive,  have 
been  found  to  be  coal  bearing,  and  coal-i)roduciug  conditions  prevailed 
there  through  the  Laramie  into  the  Wasatch  epoch. 

It  has  been  shown  also  that  coalproduciug  conditions  prevailed  in 
Upper  Cretaceous  time  in  the  North  Interior  region,  large  carbonaceous 
accumulations  having  taken  place  there,  especially  in  the  Belly  Eiver 
and  Lanimie  epochs.  Furthermore,  it  has  been  shown  that  the  Koo- 
tanie,  which  has  been  recoguiz^bd.  owY^  \w  "tti^  "SJ^^Ui  Interior  region,  is 
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an  importaDt  coal-bearing  formation.  This  fact,  together  with  others 
yet  to  be  presented,  demonstrates  that  coal-producing  conditions  pre- 
vailed extensively  in  the  western  portion  of  North  America  in  Lower, 
as  well  as  in  Upper,  Cretaceons  time.  Indeed,  the  Gretaceoas  system 
as  it  is  developed  in  North  America  seems  to  be  as  worthy  the  name  of 
Carboniferous  as  is  the  system  to  which  that  name  has  been  specifically 
applied. 

THE  PACIFIC  BORDER  REGION. 

This  region  is  very  long  and  narrow,  and  for  want  of  knowledge  of 
the  distribntion  of  the  Cretaceous  formations  in  the  greater  ])art  of 
that  portion  of  the  continent  its  northern,  soathern,  and  inland  bound- 
aries are  not  clearly  definable.  The  thirty-first  parallel  of  uoith  lati- 
tude may,  however,  be  selected  as  the  south  boundary  and  the  six- 
tieth parallel  as  the  north  boundary,  the  latter  parallel  being  the  same 
that  was  selected  for  the  north  boundary  of  the  North  Interior  region. 
The  western  boundary  of  the  Pacific  border  region  is  naturally  the 
shore  line  of  the  Pacific  Ocean,  or  rather  a  line  so  drawn  between  the 
sixtieth  and  thirty-first  parallels  as  to  include  the  islands  adjacent  to 
the  coast.  The  eastern  boundary  may  be  designated  as  being  identical 
with  the  western  boundary  of  the  "North  Interior  region  from  tlie  six- 
tieth parallel  of  north  latitude  to  where  that  boundary  meets  the  one 
hundred  and  eighteenth  meridian,  and  from  that  point  along  the  one 
hundred  and  eighteenth  meridian  to  where  the  latter  meets  the  Pacific 
Coast  line  in  southern  California.  In  other  words,  the  southern  iK)rtion 
of  the  boundary  is  the  meridian  just  named,  and  the  northern  portion 
is  the  watershed  between  the  Pacific  drainage  on  the  one  hand  and 
the  Arctic  and  Atlantic  drainage  on  the  other. 

The  existence  of  certain  geographical  and  geological  features  has 
made  it  convenient  to  divide  the  eastern  and  southern  portions  of  the 
continent  into  smaller  regions  than  the  one  here  designated  as  the 
Pacific  Border  region,  but  although  the  latter  is  so  very  long  and  nar- 
row our  present  knowledge  does  not  seem  to  warrant  its  division.  There- 
fore this  portion  of  the  continent  will  for  the  present  purpose  be  re- 
garded as  constituting  a  single  Cretaceous  region. 

The  displacements  of  the  strata  constituting  the  different  formations 
are  found  to  be  so  great  in  all  the  Pacific  Border  region,  especially  as 
compared  with  the  moderate  displacements  in  the  greater  part  of  both 
the  Interior  regions,  that  it  is  often  difficult  to  study  those  western 
Cretaceous  formations  in  a  comprehensive  manner.  The  reports,  how- 
ever, of  the  California  State  geological  survey,  of  the  United  States 
survey  for  portions  of  California,  Oregon,  and  Washington,  and  of  the 
Canadian  survey  for  western  British  America  afford  some  good  data 
for  at  least  their  general  classification. 

From  those  reports  and  from  other  sources  we  learn  that  l>oth  the 
Upper  and  Lower  Cretaceous  are  in  this  region  represented  by  forma- 
tions which  respectively  bear  distinguishing  tjpeaoC  fo^\%,    Vl^t^'sv^^^ 


182  THE  CRETACEOUS.  fButuC 

these  formations  certain  others  are  found  in  different  parts  of  the  re- 
gion resting  u[>on  undoubted  Upper  Cretaceous  strata,  concerning  the 
true  geological  age  of  which  the  opinions  of  geologists  differ,  some  re- 
garding them  as  of  Cretaceous  and  others  as  of  Tertiary  age.  Facts 
will  he  presented  or  cited  in  following  paragraphs  which  are  accepted 
as  evidence  that  at  least  a  part  of  these  formations  occupy  a  transitional 
position  l>etween  the  Cretaceous  and  Tertiary. 

The  first  published  account  of  Cretaceous  rocks  in  this  region  seems 
to  have  been  by  Prof.  Newberry  ^  in  1855  and  the  next  by  Sir  James 
Hector  in  1861,'  the  former  referring  to  strata  occurring  in  California, 
and  the  latter  to  those  occurring  upon,  and  in  the  vicinity  of,  Vancouver 
Island.  The  publications  in  which  distinctive  names  were  first  given  to 
the  Cretaceous  formations  in  this  region  were  those  of  Prof.  J.  D,  Whit- 
ney and  Mr.  Wm.  M.  Gabl»,  of  the  California  State  survey.^  The  sec- 
tion for  northern  California,  published  by  Mr.  J.  S.Diller,*  and  that  for 
Qneen  Charlotte  Islands,  ]>ublishcd  by  Dr.  G.  M.Dawson*  and  repnb- 
lishe<l  by  Mr.  J.  F.  Whiteave8,*^are  the  most  comprehensive  and  import- 
ant ;  and  together  they  embrace  nearly  or  quite  the  full  vertical  range  of 
all  the  known  deposits  which  in  this  region  are  certainly  referable  to  the 
Cretaceous. 

By  the  aid  of  these  two  sections  we  are  able  to  determine  the  rela- 
tion to  one  another  of  all,  or  nearly  all,  the  formations  of  the  Pacific 
border  region  which  will  be  discussed  on  this  occasion ;  but,  as  will  be 
plainly  shown  on  following  pa^es,  we  are  not  yet  able  satisfactorily 
to  correlate  these  Pacific  Coast  formations  with  those  of  the  other 
regions  which  have  been  discussed  on  preceding  pages. 

The  following  table  contains  the  names  of  the  formations,  in  their 
order  of  superposition,  which  constitute  the  California  Cretaceous  sec- 
tion as  published  in  the  geological  reports  of  that  State  and  which  are 
retained  in  this  memoir,  to  which  is  added  in  brackets  the  name  of  the 
subsequently  recognized  Wallala  group.' 

The  table  also  indicates  the  portions  of  the  California  section  which 
are  referred  to  the  tr[)per  and  Lower  Cretaceous  respectively. 


Table  of  the  Calif ornia  Cretaceous  formations. 


i  T^jon  gronp. 


Upper  Cretaceons - <  Chico  gronp. 

f  [WaUala  gronp.] 

Lower  Cretaceons Shasta  group. 

The  next  following  table  represents  Dr.  Geo.  M.  Dawson's  section  of 
the  Cretaceous  formations  of  Queen  Charlotte  Islands,^  which  is  also 


■  Pacific  Railroad  Reports,  vol.  G,  part  2,  pp.  9-68. 
'Quart.  Jour.  Gool.  Soc.  Loud.,  vol.  17,  pp.  388-485. 
■Seo,  for  exiiraple,  PaloontoloRy  of  Ualifornla,  vol.2,  pp.  xil,  xiii. 
*  Am.  Jour.  Sci.,  vol.  40. 1890,  pp.  470-478. 

*Geol.  Survey  of  Canada,  Rep.  PropresH  for  1878-'79,  pp.  1-10,  and  map. 
•Geo!.  Survey  Cniiacla,  Mesozoic  Fossils,  vol.  1,  part  i,  pp.  1-92. 
»Ball.  U.  S.  Gool.  Surv.  No.  22,  vol.  3,  p.  8. 

*Geol.  Snrv.  Canada.  Rep.  Progress  for  1878-79,  pp.  1-101,    Also,  Geol.  Sorv.  Canada,  Meaozoic  Foa- 
aUe,  vol.  1,  part  3,  p.  192. 
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made  to  indicate  the  formations  that  are,  according  to  the  plan  adopted 
in  this  memoir,  referred  to  the  Upper  and  Lower  Cretaceoos,  respect- 
ively, 

Table  of  the  Cretaceous  formations  of  Queen  Charlotte  Islands, 


•  Upper  Cretaceous j  A;  UPP^ 


shales  and  sandstones. 
Conglomerates. 

i  C.  Lower  shales  and  sandstones^ 

>  Lower  Cretaceous <  D.  Agglomerates. 

(  £.  Lower  sandstones. 

An  assemblage  of  strata  to  which  the  name  Pnget  group  has  been 
applied,  and  of  which  further  mention  will  be  made,  occurs  in  the  Stale 
of  Washington.  It  is  an  estuary  deposit,  .'ind  is  probably  equivalent 
to  a  portion  of  the  Tejon  group  of  the  California  geologists  and  perhaps 
also  to  a  portion  of  the  Laramie  formation. 

THE  LOWER  CRETACEOUS. 

The  Lower  Cretaceous,  as  it  is  represented  by  portions  of  the  Call- 
forniaand  Queen  Charlotte  Islands  section,  respectively,  has  been  recog- 
nized in  various  parts  of  the  Pacific  Border  region,  from  near  its  north 
boundary  to  central  California,  and  it  is  believed  to  have  been  origi- 
nally continuous  between  the  two  points  indicated,  if  not  throughout 
the  whole  length  of  the  region.  If  these  formations  were  originally 
thus  continuous  much  the  greater  part  of  all  of  them  has  been  obscured 
by  later  deposits  or  removed  by  erosion.  It  is  evident  that  at  least 
between  the  two  points  mentioned  they  have  been  largely  covered  from 
view  by  subsequent  accumulations  of  strata  and  of  d6bris  resulting 
from  erosion;  and  where  they  have  been  brought  to  the  surface  by  the 
great  displacements  which  have  occurred  in  this  region  they  have  been 
largely  removed  by  subsequent  erosion.  Mainly  because  of  these  dis- 
placements and  of  the  erosion  which  the  strata  have  suffered,  they  have 
been  observed  only  at  a  few  localities  in  those  portions  of  the  region 
which  have  been  examined.  Some  of  the  localities  at  which  they  have 
been  observed  are  jn  California,  some  in  Oregon,  some  in  Washington, 
and  the  remainder  in  British  America.  It  will  be  convenient  to  begin 
the  discussion  of  the  Lower  Cretaceous  of  this  region  with  the  deposits 
which  are  found  in  California. 

The  name  Shasta  group  was  applied  by  the  geologists  of  the  Califor- 
nia State  Survey  to  all  the  Cretaceous  strata  which  they  found  in  that 
State  and  knew  to  be  older  than  the  strata  which  they  designated  as 
theChico  group;  and  under  this  head  they  embraced  all  the  California 
strata  which  in  this  memoir  are  referred  to  the  Lower  Cretaceous.  It 
was  believed  by  those  geologists  that  the  strata  which  they  referred  to 
the  Shasta  group  represent  two  epochs,  or  that  they  coustitnte  two 
divisions  of  a  series  of  strata  which  are  respectively  characterized  by 


*Dr.  Geo.  M.  Dawaon  denigaaleA  tho.fo  divisioos  aa  Earlier  and  Later  Cretaceous,  respootivel}'.    See 
Am.  Joar.  Sci.,  1889,  vol.  38.  pp.  121-127. 
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a  more  or  lens  distinct  molluscan  fauna ;  and  they  recognized  them  both 
together  as  probably  representing  the  European  (Cretaceous  from  the 
Neocomiau  to  the  Gault.^  In  the  course  of  my  own  field  studies  of  these 
rocks  I  have  found  it  convenient  to  recognize  those  two  divisions,  and 
I  designated  them  respectively  as  the  Horsetown  beds  and  the  Knox- 
ville  beds,  from  the  names  of  the  localities  at  which  typical  exposures 
of  each  division  occur.^ 

These  divisions,  of  which  the  Knox  ville  is  understood  to  be  the  older, 
are  each  characterized  by  a  molluscati  fauna,  of  which  few  or  no  species 
are  yet  known  to  be  common  to  both  within  the  limits  of  California,  but 
there  is  probably  no  time-hiatus  between  them.  The  Knox  ville  division 
is  chai'acterized  by  the  prevalence  of  shells  of  Ancella^  which  are  often 
abundant,  and  it  is  believed  that  none  of  those  fossil  forms  occur  in 
the  Pacific  Border  region  in  strata  that  are  older  than  the  Knoxville 
division,  although  northward  from  California  they  are  now  known  to 
range  above  it  into  the  equivalent  of  the  Horsetown  division.  That  is, 
although  specimens  of  Auce^^  have  seldom  if  ever  been  found  in  the 
Horsetown  division  withiu  the  State  of  California,  they  have  been  found 
in  the  equivalents  of  that  division  in  Oregon,  Wiishington  and  British 
Columbia.  Cephalopods  are  the  leading  fossil  forms  in  the  Horsetown 
beds  of  northern  California,  the  greater  part  of  those  which  are  published 
in  the  paleontological  reports  of  that  State  as  coming  from  the  Shasta 
formation  having  been  in  found  in  those  beds. 

The  foregoing  remarks,  of  course,  imply  that  the  Aucellahe^kvmg 
strata  of  the  Pacific  Border  region  characterize  a  great  paleontological 
horizon  of  the  Lower  Cretaceous.  They  also  imply  that  this  horizon 
includes  not  only  strata  which  all  geologists  agree  in  referring  to  the 
Cret}iceous,  but  certain  others  that  some  geologists  have  regarded  as 
of  Jurassic  age.  Not  only  is  the  lower  division  of  the  Shasta  forma- 
tion especially  characterized  by  Aucella^  but  while,  northward  from 
California,  that  fossil  form  ranges  higher  in  the  series  it  is  still  the 
northern  equivalent  of  the  lower  division  that  is  especially  character- 
Jzed  by  it;  that  is,  strata  in  which  Aucella  is  found  to  prevail  abun- 
dantly are  regarded  as  belonging  at  or  near  the  base  of  the  Pacific 
Border  Lower  Cretaceous;  but  it  is  believed  that  these  lowest  strata  of 
that  region  do  not  represent  the  beginning  of  Cretaceous  time* 

The  Cretaceous  strata  just  mentioned  as  having  by  some  geologists 
been  referred  to  the  Jurassic  are  found  in  Mariposa  County,  California,' 
and  constitute  a  portion  of  the  so-called  anriferous  slates.  These 
strata,  although  greatly  altered  and  much  disturbed  by  erogenic  move- 
ments, have  been  found  to  bear  fossils  the  Mesozoic  age  of  v»  hich  has 
not  been  questioned,  opinion  having  differed  only  as  to  whether  thej 
indicate  the  earlier  or  later  Mesozoic  age  of  the  strata  containing  them. 


>  Paleontology  of  California,  vol,  2,  p.  xiv. 
•Bull.  U.  a  Geol.  Surv.,  No.  15,  \ol.  3,  p.  19. 

*  See  Gabb,  Wni.  U.,  Proc.  Cal.  A  cud.  Nat.  Sci.,  vol.  3.  pp.  172, 173.    Also  Meek,  F.  B.,  GeoL  Sarv.  CaL 
Qeology,  vol.  1,  pp.  477-482,  and  plates. 
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Recognizing  the  specific  identity  of  the  Aucella,  which  these  strata  bear 
with  those  which  prevail  iu  the  Knoxville  division  of  the  Shasta  forma- 
tion, I  have  referred  these  slates  to  that  horizon,  and  therefore  regard 
them  as  of  Lower  Cretaceous  age.*  This  view  is  supported  by  the 
probable  identity  of  other  fossil  forms  in  the  auriferous  slates  with 
some  found  in  the  Shasta  formation. 

Other  strata,  which  occur  in  the  Coast  Range  and  in  other  parts  of 
California,  and  which  are  much  altered  or  metamorphosed,  have  been 
by  Dr.  Becker  referred  to  the  Lower  Cretaceous,  although  other  geolo- 
gists have  regarded  them  as  of  much  greater  age.* 

The  specimens  ol  Aucella  which  have  been  obtained  from  the  Creta- 
ceous strata  of  ditferent  parts  of  California  have  received  various  spe- 
cific names  from  different  authors,  some  of  which  specimens  were  re- 
ferred to  other  genera ;  but  I  regard  all  these,  and  also  all  the  forms  of 
Aucella  which  are  found  in  the  Knoxville  division,  and,  in  short,  all  the 
forms  referable  to  that  genus  which  have  yet  been  found  in  North 
America,  as  belonging  to  one  and  the  same  species,  albeit  a  very  varia- 
ble one.' 

Aucella-hesLTiug  strata  have  been  discovered  at  numerous  places  in 
northern  California,  all  of  which  are  referred  to  the  Knoxville  division 
of  the  Shasta  formation.  They  also  have  been  found  in  the  vicinity  of 
Monte  Diablo,  in  the  central  part  of  the  State.  Those  which  occur  at 
the  most  southerly  known  locality,  as  already  shown,  were  formerly  re- 
ferred to  the  Juriissic,  but  they  are  now  referred  to  the  Shasta  forma- 
tion of  the  Lower  Cretaceous.  The  latter  locality,  which  is  near  the 
parallel  of  37^  30'  north  latitude,  is  the  most  southerly  point  to  which 
Aucella  is  certainly  known  to  reach  in  the  northern  hemisphere,^  and  it 
is  the  most  southerly  known  locality  of  fossil-bearing  Lower  Cretaceous 
strata  in  the  Pacific  Border  region. 

All  the  Lower  Cretaceous  strata  of  California  have  been  so  much  dis- 
turbed, eroded,  and  covered  from  view  by  later  formations,  that  their 
study  has  been  a  matter  of  much  difficulty.  Mr.  J.  S.  Diller,  of  the  U.  S. 
Geological  Survey,  who  has  done  much  field  work  u[)on  these  California 
formations,  has  lately  published  a  statement  concerning  some  sections 


» See  White,  C.  A.,  Ball.  U.  S.  Gool.  Sarv.,  No.  15,  vol.  3,  pp.  24, 25 :  and  Monoj?.  IT.  S.  Gcol.  Siirv.,  vol. 
13,  pp.  228-232.  See  also  Becker,  Geo.  F.,  in  lastt  name<l  volaino,  and  in  Bull.  U.  S.  Geo!.  Stirv.,  No.  19, 
vol.  5. 

*  See  Bull.  XT.  S.  Geol.  Sarv.,  No.  19 ;  Monog.  U.  S.  Geol.  Snrv.,  vol.  3 ;  and  Bull.  Gcol.  Soc.  Amer.,  toI.  2, 
pp.  201-206. 

*6oe  Bull.  TJ.  S.  Gool.  Sarv.,  No.  15,  vol.  3,  p.  23,  and  Mono«;.  U.  S.  Gcol.  Surv.,  vol.  13,  pp.  226-232,  pU. 
'J  and  4. 

*Aftor  the  foregoing  parafrraplis  wore  written  Prof.  S.  Nikitin  publiBlicd  in  the;  Neuea  Jahrbnch 
Jahrgang,  .1800,  II.  Band,  drittes  Eloft.  pp.  2V3, 274  tho  discovery  of  nonie  fotnil  nhellH  near  San  Lnis, 
PotoBi,  Mexico,  which  ho  believes  t^n  he  identical  wilh  forma  which  I  have  referred  to  Aucella  conecn, 
triea.  Should  his  determination  prove  t4>  bx  correct  it  will  aImo  prove  to  bo  a  very  importAut  fact  in 
North  American  geology.  It  in  probable  that  an  investiuation  of  the  strata  from  which  Prof.  Nikitiu'M 
fossils  were  obtained,  to«;ethcr  with  that  of  associated  formations,  will  reveal  the  true  relation  of  tho 
ShastA  formation  and  its  equivalents  Ut  Comanche  series.  It  will  also  add  an  important  fact  to  our  pres- 
ent knowled(;e  of  the  p:eoi;ri\phical  distribution  o(  Aueelta,  since  this  Mexican  locality  lies  upon  the 
twenty-second  parallel  of  north  latitude. 
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which  he  has  measared  in  the  northern  part  of  the  State.^  He  gives 
the  maximum  ascertained  thickness  of  the  Knoxville  division  of  the 
Shasta  formation  on  Elder  Greek,  Tehama  County,  at  nearly  20,000 
feet,  but  suggests  that  this  apparent  great  thickness  may  have  been 
increased  by  faulting.  In  the  same  neighborhood  he  finds  the  Horse- 
town  division  to  reach  a  thickness  of  over  6,000  feet. 

The  following  tables  copied  from  the  publication  just  referred  to  con- 
tain the  results  of  Mr.  Diller's  measurements  of  the  full  Cretaceous 
series  in  two  districts  in  northern  California. 

Section  on  Elder  Creeks  Tehama  County. 

Feet 

Upper  Cretaceous Cbico  group 3,897 

Lower  Cretaceous ^  Shasta  group.  Fiorsetown  division..      6,1^ 

^^  )  Shasta  group,  Kuoxvillo  division  ..     19,974 

Total 29.978 

Section  of  the  north  fork  of  CoiUmtcood  Creek,  Shasta  County, 

Feot. 

Upper  Cretaceous Chico  group 3,(>23 

Lower  Cretaceous Shasta  group,  Horsctowu  division..       5,218 


Total 8,841 

The  first  of  these  two  sections  shows  that  the  Lower  Cretaceous  in 
California  reaches  a  thickness  of  over  26,000  feet,  and  that  much  the 
greater  part  of  this  thickness  is  referred  to  the  Knoxville  division.  Al- 
though the  thickness  of  these  strata,  as  ascertained  by  Mr.  Diller,  is 
so  great,  his  announcement  will  occasion  less  surpris  ^  when  one  remem- 
bers the  conclusions  which  Dr.  Becker  has  reached  iis  to  the  Cretaceous 
age  of  a  great  thickness  of  strata  in  the  coast  range  and  elsewhere  in 
California,  which  has  been  by  most  other  geologists  regarded  as  of 
much  greater  age. 

While  it  is  understood  that  the  lower  portion  of  the  Shasta  forma- 
tion of  California  and  its  equivalent  strata  in  other  portions  of  the  Pa- 
cific Border  region  are  the  oldest  Cretaceous  strat^i  in  that  region,  they 
are  not  believed  to  represent  the  very  ejirliest  portion  of  Cretaceous 
time  in  North  America.  The  Potomac,  Tuscaloosa,  and  Trinity  forma- 
tions of  the  Atlantic,  Gulf  Border,  and  Texan  regions,  respectively, 
are,  in  this  memoir,  assumed  to  be  older,  at  least  in  part,  than  the  lower 
portion  of  the  Shasta  formation,  but  we  have  yet  found  no  satisfactory 
means  of  comparing  them  with  the  Lower  Cretaceous  of  the  Pacific 
Border  region. 

Just  as  this  memoir  is  going  to  press,  however.  Prof.  Newberry  has 
published  an  article,^  in  which  he  announces  the  certain  identification 
of  at  least  ten  species  of  fossil  plants  from  the  coal-bearing  strata  in  the 
vicinity  of  the  Great  Falls  of  the  Missouri  River  in  Montana  with 
species  that  have  been  published  by  Prof.  Fontaine  from  the  Potomac 


'  Nolo  on  the  Crotacouua  rocka  of  uorthero  Califoroia.    Am.  Joar.  Sci.,  vol.  40, 1890,  pp.  i77, 478. 
»Ani.  Jour.Sci.,  vol.41, 1891,  pp.  191-201. 
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formation.  By  means  of  specific  identity  of  fossil  plants  Prof.  New- 
berry had  previously  identified  the  Montana  strata  referred  to  with  the 
Kootauie  strata  of  the  district  of  Alberta,  as  has  already  been  men- 
tioned. 

If  the  specific  identification  of  these  fossil  plants  is  held  to  prove  the 
contemporaneity,  as  that  term  is  usually  employed  by  geologists,  of  the 
respective  formations  containing  them,  this  discovery  is  a  very  remark- 
able one.  It  is  shown  in  this  memoir  that  in  western  Alberta  Kootanie 
strata  have  been  found  resting  upon  others  which  bear  marine  Creta- 
ceous fossils  specifically  identical  with  members  of  the  fauna  which 
characterizes  the  Shasta  and  Queen  Charlotte  formations,  which  geolo- 
gists generally  do  not  regard  as  representing  the  earliest  epoch  of  Cre- 
taceous time.  If  we  admit  the  contemporaneity  of  the  Kootanie  strata 
of  Alberta  and  of  Montana  with  the  Potomac  formation,  we  must 
admit  that  the  Potomac  is  of  later  age*than  at  least  a  portion  of  the 
Shasta  and  Queen  Charlotte  formations,  notwithstanding  the  fact  that 
the  Potomac  formation  has  been  referred  to  the  Jurassic.  This  matter 
will  be  further  referred  to  on  a  following  page,  in  connection  with  the 
discussion  of  the  Potomac  horizon. 

Tbe  oldest  of  the  rocks  that  have  been  found  immediately  to  underlie 
the  Lower  Cretaceous  strata  of  the  Pacific  Border  region  are  presuma- 
bly of  Archean  age.  Others  are  of  Paleozoic,  and  still  others  are  of 
Triassic  age.  That  is,  none  of  the  immediately  underlying  strata  have 
yet  been  satisfactorily  shown  to  be  of  Jurassic  age.  Indeed,  entirely 
satisfactory  proof  of  the  existence  of  any  strata  of  the  latter  age  in  the 
Pacific  Border  region  has  not  yet  been  published. 

Although  Mr.  Diller  has  found  apparent  conformity  between  the 
Shasta  and  Cbico  formations  in  California  ^  the  great  difference  between 
their  respective  fossil  faunas  indicates  that  there  is  a  time-hiatus  be- 
tween them.  Tbe  time  relation  of  the  Wallala  formation  to  tbe  Shasta 
and  Chico  formations,  as  indicated  on  page  193,  has  not  yet  been  demon- 
strated, but  its  place  is  understood  to  be  between  the  two  last-named 
groups.  As  tbe  comparatively  little  known  Wallala  formation  is  re- 
garded as  Upper  Cretaceous,  it  follows  that  no  strata  in  California  of 
a  later  age  than  the  Shasta  formation  are  referred  to  the  Lower  Creta- 
ceous. 

As  already  indicated.  Lower  Cretaceous  strat'i  have  been  found  at  a 
number  of  localities  in  southern  Oregon,  and  some  are  also  known  to 
exist  in  tbe  State  of  Washington;  but,  beyond  the  commingling  there  of 
species  which  in  California  characterize  the  Knoxville  and  Horsetown 
be«ls,  respectively,  these  discoveries  have  afforded  no  general  facts  that 
have  not  been  mentioned  in  connection  with  the  California  section. 

Tbe  Lower  Cretaceous  strata  of  British  Columbia  will  next  be  con- 
sidered. Tbe  most  complete  section  of  those  rocks  that  has  yet  been 
investigated  in  this  ]>art  of  the  Pacific  Border  region  is  found  on  Queen 


•  Bali.  U.  S.  Geol.  Siirv.  No.  33,  pp.  1-23. 
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Charlotte  Islands,  and  a  table  representing  the  full  Gretaceoas  series 
there  as  studied  by  Dr.  G.  M.  Dawson  has  been  given  on  page  183. 

This  series  of  formations  is  found  exposed  within  a  comparatively 
small  district  embracing  a  portion  of  each  of  the  two  islands,  but  they 
constitute  one  of  the  most  importaiit  Cretaceous  sections  that  are  yet 
known  in  the  Pacific  Border  region.'  Dr.  Dawson  found  the  lowest 
member  to  rest  unconformablyuponTriassic  rocks,  and  the  uppermost 
member  to  be  unconformably  overlain  by  Tertiary  deposits.  His  di- 
visions A  and  B,  which  consitute  the  upper  portion  of  the  section,  are 
referred  to  the  Upper  Cretaceous  and  will  be  discussed  in  following 
paragraphs,  while  divisions  C,  D,  and  B  constitute  the  lower  portion 
and  are  referred  to  the  Lower  Cretaceous. 

Dr.  Dawson  found  division  C  to  be  very  fossiliferous,  and  Mr.  Whit- 
eaves  identified  a  large  proportion  of  its  species  with  those  which  char- 
acterize the  Shasta  formation  in  California.  According  to  Dr.  Dawson, 
division  D  is  of  volcanic  origin,  and  yet  divisions  C  and  B  are  closely 
related  to  each  other  by  the  specific  identity  of  some  of  their  fossils. 
Indee<],  it  seems  evident  that  these  three  members  represent  in  time  not 
only  the  Shasta  formation,  but  all  other  Lower  Cretaceous  strata  that 
are  yet  known  to  occur  in  the  Pacific  Border  region. 

Because  of  this  identity  of  species,  notwithstanding  the  intercalation 
of  the  volcanic  formation  before  mentioned,  these  three  members  of  the 
Queen  Charlotte  section  will,  for  our  present  purpose,  be  regarded  as 
representing  an  unbroken  epoch  of  Lower  Cretaceous  time,  and  for  the 
sake  of  brevity  they  will  be  referred  to  as  the  Queen  Ciiarlotte  forma- 
tion. The  paleontological  recognition  of  these  strata,  as  representing 
the  Shasta  formation  of  California,  is  of  great  importance  in  the  corre- 
lation of  the  different  and  widely  separated  exposures  of  Lower  Cre- 
taceous rorks  in  the  Pacific  Border  region.  The  extent  to  which  spe- 
cific identification  of  the  fossils  of  the  two  series  has  been  made  is 
shown  by  Mr.  Whiteaves.* 

Lower  Cretaceous  rocks  have  been  found  by  members  of  the  Cana- 
dian Geological  Survey  at  the  following  localities  in  British  Columbia^ 
which  in  each  case  were  recognized  as  equivalent  to  at  least  a  portion 
of  the  Queen  Charlotte  formation  bj'^  means  of  the  specific  identity  of 
fossils :  the  northern  part  of  Vancouver  Island,  Tatlyoco  Lake,  Jackass 
Mountain,  Skagit  River,  and  Upper  Skeua  River.^ 

The  full  series  of  strata  as  represented  by  the  Shasta  and  Queen 
Charlotte  sections  appears  not  to  have  been  found  exposed  at  any  of 
these  localities,  but  one  gets  the  impression  from  the  reports  of  the 
Canadian  geologists  that  their  original  thickness  in  that  part  of  the 


'Sco  DawHon,  G.  M.,  GooI.Surv.  Canada.,  Kep.  Prog,  fur  1878,  pp.  1-101.  Also,  Kichardson,  James, 
Ibid.,  for  lK82-'83,  pp.  42-G5. 

' Geol.  Siirv.  Canada,  Me«ozoic  Fossilfl,  vol.1,  parts. 

»SeeCana«lian  ReporU  for  1875-76. 18?0-'77,  1877-78,  1878-79,  1879-'80.  Aim,  DawsoD,  G.  M.,  Am. 
Jour.  Sci.,  1889,  vol.  38,  pp.  120-127. 
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Pacific  Border  region  was  hardly  inferior  to  that  which  has  been  re- 
ported by  Mr.  Diller  for  northern  California. 

The  Gauadiim  geologists  report  exposures  of  presumably  Cretaceous 
rocks  on  Stikine  River,  in  British  Columbia,  nearly  east  from  Sitka,^ 
and  W.JP.  Blake  has  suggested  that  the  coal-bearing  strata  of  Sitka 
Island  are  of  Cretaceous  age,  but  whether  they  belong  to  the  Upper  or 
Lower  Cretaceous,  or  to  both,  is  not  yet  known.* 

An  important  discovery,  already  two  or  three  times  referred  to,  has 
been  made  in  western  Alberta,  near  DeviPs  Lake,^  which,  although  the 
locality  is  within  the  North  Interior  region,  it  has  been  left  for  special 
mention  in  connection  with  the  Lower  Cretaceous  of  the  Pacific  Border 
region.  At  the  locality  mentioned  strata  beiiriug  characteristic  Koo- 
tanie  species  of  plants  were  found  resting  u[>on  others  which  contain 
equally  characteristic  marine  invertel^rates  of  the  Queen  Charlotte  for- 
mation. Furthermore,  those  Kootanie  strata  rest  so  conformably  upon 
the  others  that  they  all  have  the  aspect  of  constituting  one  formation, 
and  the  impression  seems  to  prevail  among  the  Canadian  geologists 
that  the  Kootanie  and  Queen  Charlotte  groups  were,  at  least  in  part, 
contemporaneous.  However  this  may  be,  it  is  now  clear  that  at  least  a 
part  of  the  Kootanie  is  of  later  age  than  at  least  a  part  of  those  strata 
upon  Queen  Charlotte  Islands,  which  are  regarded  as  equivalent  to  the 
Shasta  formation  of  California. 

There  are  several  points  of  great  interest  connected  with  this  discov- 
ery, among  which  are  the  following:  The  locality  at  which  it  was  made, 
being  upon  the  eastern  slope  of  the  Kocky  Mountains,  lies  east  of  the 
nominal  boundary  of  the  Pacific  Border  region.  It  is  also  the  most 
easterly  point  at  which  fossils  of  the  Queen  Charlotte  and  Shasta  forma- 
tions have  been  found,  if  we  except  the  circumpolar  distribution  of  the 
AucelUij  which  occurs  so  abundantly  in  those  strata  and  their  equiva- 
lents, and  the  lately  reported  occurrence  of  the  same  near  San  Luis 
Potosi,  mentioned  on  page  185. 

The  fact  that  these  Lower  Cretaceous  strata,  in  western  Alberta,  un- 
derlie a  portion,  if  not  all,  of  the  Kootanie  formation  is  of  especial 
importance :  first,  because  the  character  of  the  Kootanie  fiora  has  here- 
tofore caused  that  group  to  be  regarded  as  of  the  lowest  Cretaceous,  if 
not  of  the  Jurassic,  age,  and,  second,  the  Upi>er  and  Lower  Cretaceous 
strata,  on  Queen  Charlotte  Islands,  are  reported  to  have  the  aspect  of 
one  unbroken  series  of  deposits.  If  the  upper  strata  of  the  full  section 
on  those  islands  really  are  of  Upper  Cretaceous  age  it  seems  necessary 
to  assume  that  notwithstanding  their  conformity  with  the  lower  portion 
of  the  series  there  is  a  material  time-hiatus  between  them  similar  to, 


>  See  Dawsoo,  G.  M.,  An.  Rep.  QcoL  Sary.  Canada  for  1887-'88,  pp.  56  and  57  B ;  also,  map  accompaDy* 
iDK  this  report. 

'See  bibliographical  entry  on  p.  27. 

> See  Dawson, 6. M.,  Ani.  Jour.  Sci.,  vol.38,  p.  122;  McConnell,  R.  G.,  Geol.  Sarrey  Canada,  Rep. 
Prog,  for  1886,  p.  17  D,  and  Whiteaves,  J.  F., Oont  Canadian  Paleont.,  vol.  1,  part  2,  pp.  163-172. 
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but  not  80  great  as,  that  which  is  assumed  to  exist  between  the  Shasta 
and  ('hico  groups  of  Califoruia.  Neither  on  Queen  Charlotte  Islands 
nor  in  any  other  part  of  British  Columbia,  or  in  California,  has  any  trace 
of  a  formation  yet  been  found  which  may  be  understood  to  represent 
the  Kootanie  formation,  unless  it  be  represented  by  a  portion  of  the 
Queen  Charlotte  and  Shasta  formations,  respectively,  and  of  this  we  yet 
have  no  definite  evidence. 

The  discovery  of  the  taxonomic  relation  of  the  Kootanie  to  the  Queen 
Charlotte  formation  gives  almost  the  only  direct  clew  yet  obtaincil  as 
to  the  correlation  of  the  Cretaceous  series  of  the  Pacific  Border  i-egiou 
with  that  of  the  Great  Interior  area;  but  the  opinion  of  an  experienced 
geologist  upon  the  subject  of  their  general  correlation  is  worthy  of  con- 
sideration. Therefore  the  following  table  by  Dr.  G.  M.  Dawson*  u 
reproduced  here  for  the  purpose  of*illusi  rating  his  view  of  the  relation 
of  the  Lower  Cretaceous  formations  of  the  Pacific  Border  region  to  tho.se 
of  the  adjacent  North  Interior  region,  and  to  the  Upper  Cretaceous  of 
several  districts  in  those  regions. 


1  Am.  Jour.  ScL,  vol.  38, 1889,  p.  127. 
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VJ2  THE   CHETACEOU&  [wjllA 

III  cloisiiig  the  reniarkn  njiOD  the  Lower  Cretaceoas  of  the  Pacific  Bor- 
der n'^ioii  it  \H  well  to  refer  to  the  fact  that  not  only  have  plant  reinaifiB 
lN*eii  fouiiil  in  the  Hhsista  formation,  but  the  Qoeeo  Charlotte  is  anim. 
Iiortaiit  eoal-beariiiK  formation.  Tins  shows  that  considerable  land 
area-s  existed  in  those  districts,  although  the  strata  referred  to  areot 
marine  origin,  as  is  shown  by  their  fossils. 

TUK   UPPER  CRETACEOUS. 

The  Upiier  Cretiiceous  of  the  Pacific  Border  region,  so  far  as  oar  pres- 
ent knowledge  goes,  is  mainly  represented  by  the  Chico-T6jon  series  of 
California  and  tlie  coal-bearing  Cretaceous  strata  of  Vancouver  and 
adjacent  islands,  and  by  their  recognized  equivalents  elsewhere;  bnt 
the  strata  which  have  received  the  names  of  Wallala  group  and  Puget 
group  respectively  will  al80  be  considered  under  this  head.  The  nameis 
of  the  divisions  of  the  Upper  Cretaceous  which  have  been  recognized 
in  California  have  been  given  on  page  182,  and  it  will  be  convenient  to 
consider  them  separately  in  that  order,  beginning  with  the  yet  imper- 
fectly known  Wallala  formation. 

For  many  y(*ars  after  the  geological  formations  of  California  began 
to  be  studied  the  only  strata  that  were  recognized  as  of  Cretaceous  age 
were  those  of  the  Shasta  formation  and  the  Chico  T^jon  series.  In 
1884,  however.  Dr.  G.  F.  Becker  discovered  exposures  of  strata  near 
the  town  of  Wallala,  in  Mendocino  County,  California,  from  which  he 
obtained  uiolluscan  fossils  that  are  ditfereut  from  any  known  to  occur 
in  either  of  the  two  series  of  strata  just  mentioned.  No  stratified  rocks 
were  fuuinl  overlying  these  Wallala  strata,  or  none  that  could  be  re- 
garded as  of  Cretaceous  age.  The  underlyii^g  rocks  also  were  not  ob- 
served where  the  Wallala  strata  were  found  exposed,  but  presumably 
they  rest  u])on  the  metamorphic  rocks  which  are  known  to  prevail  in 
that  district ' 

Nearly  coincident  with  Dr.  Becker's  discovery  Mr.  C.  R.  Orcutt  sent 
to  the  Smithsonian  Institution  a  collection  of  fossil  mollusca  from  the 
shores  of  Todos  Santos  Bay,  in  Lower  California,  a  part  of  the  species 
of  which  are  identical  with  those  found  in  the  Wallala  strata.^  In 
general  character  a  part  of  the  fossils  from  these  two  localities  so  much 
resemble  certiiin  of  the  forms  which  characterize  the  European  Gosau- 
gebilde  that  one  naturally  infers  that  the  strata  containing  them  are 
referable  to  the  Upper  Cretaceous,  especially  as  none  of  the  species 
have  been  recognized  in  the  Shasta  formation.  None  of  them  having 
been  recognized  in  the  Chico  formation  or  in  any  other  North  American 
Upper  Cretaceous  strata,  I  suggested  for  those  in  which  the  fossils 
referred  to  were  found  a  place  between  the  Shasta  and  Chico  forma- 
tions and  proposed  for  them  the  name  of  Wallala  group.    This  sngges- 


1  Seo  Wliite,  C.  A..  BalL  U.  S.  Gcol.  Surv.,  No.  15,  vol  3 ;  and  Becker,  G.  F.,  ilud^  No.  19,  yoL 8. 
*B  uU.  U.  S.  GooU  Survey,  No.  22,  vol.  3, 
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tion  seemed  also  to  be  warranted  by  the  ^eueraliy  accepted  opiuion 
that  there  is  a  considerable  time- hiatus  between  the  Shasta  aud  Chico 
formatious. 

The  localities  at  which  these  strata  have  been  recognised  by  means 
of  their  peculiar  fossils  are  only  two,  and  these  are  fully  500  miles 
apart.  If  these  strata  are  to  be  regarded  as  representing  a  separate 
formation,  it  is  reasonable  to  infer  that  originally  they  were  continnoas 
between  those  localities,  and  that  they  constituted  a  distinct  Upper 
Cretaceous  horizon  which  probably  extends  far  down  into  Mexico. 
Since,  however,  these  strata  have  yet  furnished  only  a  few  species  of 
fossils,  and  have  been  discovered  only  at  the  two  localities  mentioned, 
oar  present  knowledge  of  them  is  conlined  to  a  few  almost  isolated  facts. 
Much  more,  therefore,  remains  to  be  learned  concerning  the  Wallala 
strata  before  they  can  take  a  permanent  place  in  the  list  of  Gretaceons 
formations  of  the  Pacific  Border  region. 

When  the  geologists  of  the  California  State  survey  began  their  work 
they  werd  disposed  to  recognize  the 'strata  which  I  have  called  the 
Chico  T^jon  series  as  constituting  three  separate  formations,  namely, 
the  Chico,  Martinez,  aud  Tejon ;  but  they  afterward  suggested  the  pro- 
priety of  abandoning  their  name,  Martinez  group,  because  they  recog- 
nized those  strata  which  occur  between  the  Chico  and  T6jon  divisions  as 
transitional  in  character.*  They  also  recognized  the  fact  that  the  two 
last-named  divisions  are  intimately  connected  with  each  other  by  spe- 
cific identity  of  a  large  proportion  of  the  fossils  found  in  each. 

While  most,  but  not  all,  of  the  geologists  who  have  written  concern- 
ing this  series  of  strata  have  admitted  the  Cretaceous  age  of  the  lower 
or  Chico  portion,  some  have  contended  earnestly  that  the  upper  or 
T6jon  portion  is  of  Eocene  age.^  The  geologists  of  the  California  State 
survey  referred  the  whole  series  to  the  Cretaceous,  evidently  assuming 
that  being  an  unbroken  series,  and  containing  unmistakable  Cretaceous 
fossils  in  certain  parts  of  it,  the  whole  must  be  Cretaceous. 

In  former  publications  ^  I  have  shown  that  the  Chico-T6jon  strata 
form  an  unbroken  series,  the  lower  portion  bearing  characteristic  Cre- 
taceous forms,  and  the  upper  portion  bearing  equally  characteristic 
Eocene  forms.  In  short,  I  regard  the  deposition  of  this  series  as  having 
been  begun  in  Cretaceous  time  and  continued  without  interruption  to 
its  termination  in  Eocene  time.  While  the  upper  or  Tt^on  division  of 
this  series  is  regarded  as  probably  referable  to  the  early  Tertiary,  it  is, 
like  the  Laramie  formation,  discussed  in  this  memoir  among  the  Cre- 
taceous formations  because  it  is  impracticable  or  inexpedient  to  sepa- 
rate it  by  definable  limits  from  the  lower  or  Chico  division  of  the  series, 
either  upon  stratigraphical  or  paleontological  grounds.  Because  of 
this  indivisible  character  of  the  series  I  have  adopted  the  compound 

» Paleoiitolofcy  of  California,  vol.  2,  pp.  xii.  xiii. 

'Seo  for  example,  Courad,  T.  A.,  Am.  Jnur.  Sci.,  1867,  vol.  44,  pp.  370,377. 

»  Bull.  U.  S.  Geol.  Sui-vey.  No.  15,  vol.  3,  aD4  No.  51,  vol.  8. 

Bull  82 13 
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term,  Ohico-T^jou,  to  designate  the  whole  of  it  as  it  is  kuown  in  Cali- 
fornia. 

The  most  soatherly  kuown  limit  of  this  series  of  strata  is  in  Santa 
Barbara  Govnty,  southern  California,  where,  however,  only  the  upper 
or  T^jon  division  seems  to  have  been  recognized.  In  Fresno  Couuty 
both  divisions  are  well  developed  and  they  are  to  some  degree  sepa- 
rately recognizable  in  other  parts  of  centr$il  California,  but  northward 
from  those  districts  the  ctrr^ta  which  represent  the  upper  division  ap|)ear 
to  diminish,  or  at  least  they  do  not  appear  to  reach  as  far  northward  as 
do  the  equivalent  strata  of  the  lower  division,  as  will  be  shown  when 
the  Vancouver  Island  strata  are  discussed. 

With  the  exception  of  a  locality  in  eastern  Oregon  which  lies  approx- 
imately upon  the  intersection  of  the  one  hundred  and  twentieth  meri- 
dian and  the  fortieth  parallel  of  north  latitude,  where  strata  equiva- 
lent to  those  of  the  Chico  division  have  been  found,^  all  the  knowii 
strata  referable  to,  or  representing  any  part  of,  this  series  lie  west  of 
the  Sierra  Nevada  and  Cascade  ranges. 

The  known  exposures  of  equivalent's  of  the  Chico-Tdjon  strata  in 
Oregon  and  Washington  are  few,  and  the  limits  of  the  areas  occupied 
by  them  have  not  been  fully  determined.'  While  some  of  them  are 
plainly  referable  to  the  lower  division  of  the  series,  others  represent  a 
part  of  the  upper,  or  T6jon  division,  among  which  are  probably  some 
that  have  by  some  authors  been  referred  to  the  Eocene  and  Miocene 
Tertiary^  respectively. 

Aside  from  the  Chico-T6jon  series  in  California,  which  in  some  places 
is  coal-bearing,  the  coal-bearing  series  of  the  southern  part  of  Van- 
couver Island  and  the  adjacent  smaller  islands  of  the  Gulf  of  Georgia 
constitutes  the  best  representation  of  the  Upper  Cretaceous  that  is 
known  to  occur  in  the  Pacific  Border  region.  In  the  Vancouver  dis- 
trict, however,  the  strata  are  apparently  all  referable  to  the  Chico 
division,  no  representative  strata  of  theT^jon  division  having  yet  been 
recognized  there;  that  is,  no  fossils  have  been  found  in  the  Vancouver 
strata  or  in  any  strata  northward  from  the  Vancouver  district  which 
are  understood  to  be  restricted  to  the  T6jon  division  in  California. 

The  section  of  these  Vancouver  rocks  has  been  made  known  mainly 
through  the  publications  of  Mr.  James  Richardson  and  Dr.  G.M.  Daw- 
son, references  to  whose  works  have  been  made  on  preceding  pages; 
but  a  number  of  other  authors  have  written  upon  their  paleontology.  In 
one  of  my  own  publications  concerning  the  fossils  of  this  series  of  strata 
I  proposed  the  name  Vancouver  groups  for  those  which  are  known  to 
bear  many  of  themoUuscan  species  that  characterize  the  Chico  strata  in 
California,  intending  that  the  name  should  be  only  of  restricted  geo- 
graphical application.    I  then  overlooked  the  fact  that  Dr.  G.  M.  Daw- 


1  See  Ball.  U.  S.  Geol.  Sarv.,  No.  15,  p.  8,  and  Ball.  17.  S.  Geol.  Surr.  Terr.,  yoL  2,  p.  359. 
s  For  references  to  these  localities  see  Ball.  U.  S.  GeoL  Surr.,  No.  61,  toL  8,  pp.  28-32. 
*Ball.  17.  S.  Geol.  Sarr.,  Na  51.  vol.  8,  pp.  30-32. 
*  BaU.  U.  S.  Ge9l.  Surv.,  No.  51,  p.  33. 
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SOU  bad  in  1886  applied  the  samo  name  to  another  assemblage  of  strata 
which  he  regarded  as  of  Triassic  age  and  had  suggested  the  name  Na- 
uaimo  group  for  the  Up}>er  Cretaceous  strata  iu  question.^ 

Subsequently  Dr.  Dawson  confirmed  his  selection  of  the  name  Na- 
naimo  group  for  those  Cretaceous  strata,  and  briefly  discussed  their 
relations  and  characteristics.'  I  have  therefore  abandoned  the  name 
Vancouver  group  for  the  Upper  Cretaceous  strata  of  the  Vancouver 
district,  and  adopted  the  nnme  Nanaimo  in  its  stead. 

The  occurrence  of  certain  Lower  Cretaceous  strata  near  the  northern 
end  of  Vancouver  Inland  has  been  referred  to,  but  no  Upper  Creta- 
ceous strata  appear  to  have  been  found  iu  connection  with  them,  and 
no  Lower  Cretaceous  strata  have  been  found  iu  the  Vancouver  district 
iu  connection  with  the  !Nanaimo  formation.  The  latter  formation,  as 
already  stated,  is  understood  to  embrace  no  strata  that  are  not  refera- 
ble to  the  epoch  of  the  Chico  group  of  the  California  geologists  exclu- 
sive of  the  Tejon  ;  and,  as  defined  by  Dr.  Dawson,  it  seems  to  embrace 
all  the  strata  of  Vancouver  district  which  are  referable  to,  or  that  need 
be  discussed  in  connection  with,  the  Upper  Cretaceous. 

The  invertebrate  fossils  of  the  Nanaimo  formation  have  been  pub- 
lished by  Mr.  Whiteaves,^  Mr.  Meek,*  Mr.  Gabb,*  and  by  myself,^  and 
the  plants  have  been  published  mainly  by  Dr.  J.  8.  Newberry,  Sir 
William  Dawson,  Dana,  Lesquereux,  and  Heer.^ 

Because  of  the  paucity  of  exposures  of  Upper  Cretaceous  strata  north 
of  the  Vancouver  district,  the  next  and  only  other  section  that  will  be 
considered  on  this  occasion  is  that  of  Dr.  6.  M.  Dawson  on  Queen 
Charlotte  Islands,  which  has  already  been  referred  to  as  embracing 
both  Upper  and  Lower  Cretaceous  strata,  the  former  division  reaching 
a  thickness  there  of  3,500  feet. 

It  appears  that  very  few  fossils  have  been  obtained  from  these  upper 
strata,  but  Mr.  Whiteaves  regards  those  which  have  been  found  as 
establishing  their  equivalency  to  certain  of  those  which  I  have  desig- 
nated as  of  Upper  Cretaceous  age."  They  perhaps  represent  in  part 
the  Nanaimo  formation  of  Vancouver  Island,  but  I  am  at  present  dis- 
posed to  regard  them  as  referable  to  a  somewhat  earlier  Upper  Creta- 
ceous horizon.  These  strata  are  not  reported  to  contain  any  coal  al- 
though the  Nanaimo  formation  contains  very  important  beds,  and  coal 
is  known  to  exist  in  both  the  upper  and  lower  divisions  of  the  Chico- 
T6jon  series  in  California. 

Aside  from  the  important  formations  that  have  already  been  discussed 
little  or  nothing  appears  to  be  known  of  strata  in  all  the  Pacific  Border 

*  See  Geol.  Sarr.  Canada,  Ann.  Kep.,  1886,  p.  lOB. 

*  Am.  Jonr.  Sci..  vol.  39,  IFOO,  pp.  180-183. 

*Geol.  Snnr.  Canada,  Mesozoic  Fossil?,  rol.  l.part  ii. 

*Bull.  U.  S.  Geol.  Surv.  Terr.,  vol.  2,  pp.  351-374,  and  6  plates,  and  Trans.  Albany  Inst.,  toL  4,  pp.  37-i9. 

*  Paleontology  of  California,  voln.  1  and  2. 

*BalI.  U.  S.  Geol.  Sarr.,  No.  51,  vol.  8,  pp.  33-48,  plates  6  and  7. 

'  For  Newl>erry's  publlcition,  see  Jour.  Boston  8oc.  Nat.  Hist.,  vol.  7,  pp.  500-52$. 

'GeoL  Sorv.  Canada,  Mesozoic  Fossils,  vol.  1,  part  3,  pp.  193, 194. 
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reji^ion,  wbich  may  coofidcntly  be  referred  to  the  Upper  Cretaceons,  and 
we  are  especially  iu  waut  of  knowleilge  conceruiDg  strata  to  represent 
Cretaceous  time  between  the  close  of  the  Shasta  and  the  beginning  of 
the  Ghieo  epoch.  This  lack  of  knowledge  is  perhaps  largely  due  to  tlie 
great  displacements  and  to  the  immense  erosion  which  all  the  fortiiii 
tions  of  that  region  hav^e  suffered,  but  it  is  doubtless  in  part  due  to  tbe 
fact  that  the  region  has  yet  been  only  partially  examined. 

All  the  Cretaceous  formations  of  the  Pacific  Border  region  which  have 
been  discussed  on  the  preceding  pages  are  shown  by  their  fossils  tohave 
been  of  marine  origin,  except  that  some  fresh  water  molluscan  forms 
have  been  found  iu  layers  connected  with  the  coal  beds  of  the  Nanaimo 
formation.  One  important  formation  of  non-marine  origin,  however, 
occurs  in  this  region  which  it  is  desirable  to  notice  in  this  connectioo 
although  its  Cretaceous  age  may  well  be  questioned.  This  formation, 
to  which  I  have  applied  the  name  of  Paget  group,'  is  found  occupying  a 
considerable  district  which  embraces  a  part  of  the  eastern  side  of  Puget 
Sound  basin  and  extends  upon  the  flanks  and  among  the  raountiuns 
of  the  range  which  borders  the  basin  on  the  east.  Comparatively  little 
is  yet  known  as  to  the  relation  of  this  formation  to  those  which  under- 
lie it,  but  it  has  been  observed  in  one  or  two  localities  to  overlie  strata 
which  are  evidently  equivalent  to  a  portion  of  the  Kanaimo  formation. 

The  only  fossils  that  have  yet  been  obtained  from  these  strata  are  a 
few  molluscan  forms  and  remains  of  a  considerable  number  of  plants. 
The  flora  to  which  the  latter  belong  is  regarded  by  Dr.  Newberry  as 
probably  identical  with  that  of  the  Laramie  formation,  a  part  at  least 
of  the  species  being  identical.  None  of  the  moUuscau  species  have 
been  found  in  any  other  formation,  and  their  character  indicates  their 
estuarine  origin,  besides  which  no  associated  trace  either  of  true  marine 
or  of  purely  fresli- water  forms  h^w  been  observed.  Acconling  to  the 
original  estimates  of  Mr.  Bailey  Willis^  the  Puget  formation  reaches 
a  maximum  thickness  of  12,000  feet,  but  his  later  observations  have  led 
him  to  reduce  this  estimate.^  Still  there  can  be  no  reasonable  doubt 
that  this  formation  is  a  remarkably  thick  one  for  a  deposit  of  that  kind. 

The  Puget  formation  has  been  definitely  recognized  only  in  the  dis- 
tricts already  indicated,  and  its  geographical  limits  are  not  yet  known, 
but  Dr.  Dawson  has  observed  a  formation  in  the  district  around  the 
mouth  of  the  Frazer  River,  in  British  Columbia,*  which  reaches  a  thick- 
ness of  several  thousand  feet.  It  seems  to  possess  the  general  charac- 
teristics of  the  Puget  formation  and  to  occupy  a  similar  taxononiic 
position,  but  no  fossils  have  yet  been  found  in  its  strata  by  which  the 
two  series  of  strata  may  le  identified  with  each  other.  Still,  it  is 
thought  x^robable  that  the  British  Columbian  deposit  was  contempo- 
raneous with  the  Puget  formation  and  it  is  possible  also  that  the  two 
were  originally  continuous.      The  Puget  formation  in  Puget  Sound 


>  See  Bull.  U.  S.  Geol.  Surv.,  No.  51,  vol.  &  pp.  49-03.        '  Seo  Bull.  U.  S.  Geol.  Siirv.  No.  51,  vol.  8,  p.  52. 
>S«e  Rep.  Tenth  Ceuautt  \J-  S.,  vol  15,  pp.  759-771.       *  i$ee  Aw.  Jour.  Sci.,  1890,  voL  39.  pp.  182,  IS^ 
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basin  bears  several  coal  beds,  a  part  of  which  are  of  groat  commercial 
importance,  bat  no  coal  has  yet  been  reported  to  exist  in  the  similar 
deposit  near  the  mouth  of  Frazer  Biver. 

In  my  publication  of  the  Puget  formation,  I  suggested  that  it  was 
probably  synchronous  in  its  origin  with  a  part  of  the  T^jon  group  of 
California,  bnt  no  direct  evidence  on  this  poiut  has  yet  been  obtained. 
As  already  mentioned,  the  Paget  formation  has  furnished  very  little  in- 
trinsic evidence  which  bears  upon  the  question  of  its  geological  age; 
but,  as  it  is  supposed  to  have  been  contemporaneous  with  at  least  por- 
tions of  the  Laramie  and  T6jon  formations,  respectively,  it  is  in  this 
memoir  briefly  referred  to  in  connection  with  the  Upper  Cretaceous  of 
the  Pacific  Border  region.  It  is  of  some  importance  also  as  still  further 
indicating  the  indefiuiteness  of  the  upper  delimitation  of  the  North 
American  Cretaceous. 

In  the  table  which  is  copied  on  page  191,  Dr.  Dawson  has  given  his 
view  not  only  of  the  correlation  of  the  Lower  Cretaceous  formations  in 
the  Pacific  Border  and  North  Interior  regions,  but  of  certain  of  the 
Upper  Cretaceous  deposits  also.  These  and  other  assumed  correla- 
tions will  be  further  shown  in  tableson  following  pages,  but  it  can  not 
be  denied  that  the  correlation  of  any  of  the  Cretaceous  formations  of 
the  Pacific  Border  region  with  any  of  those  of  all  other  regions  is  still 
a  matter  of  much  uncertainty.  The  discovery  of  Kootanie  strata 
superimposed  upon  others  which  bear  characteristic  fossils  of  the 
Queen  Charlotte  group,  which  has  been  several  times  mentioned  on 
preceding  pages,  is  of  great  importance,  but  it  is  not  yet  conclusive  as 
to  the  full  correlation  of  any  of  the  formations  in  question. 

The  Kootanie  being  a  non-marine  formation,  its  true  equivalency  to 
other  Lower  Cretaceous  formations  may  never  be  known,  but  one  natu- 
rally indulges  a  hope  that  marine  faunas  may  yet  afford  a  clew  to  the 
correlation  of  the  different  Lower  Cretaceous  formations  of  the  conti- 
nent. As  a  matter  of  fact,  however,  the  abundant  marine  fauna  of 
the  Shasta  and  Queen  Charlotte  formations  of  the  Pacific  Border 
region  contains  no  form  that  has  yet  been  satisfactorily  identified  with 
any  form  found  in  any  other  North  American  formation,  not  even  with 
any  member  of  the  abundant  marine  faana  of  the  Comanche  series.^ 
This  is  all  the  more  noteworthy  because  it  is  now  known  that  the 
latter  fauna  extended  westward  in  the  North  Mexican  region  to  a  poiut 
within  the  drainage  area  of  the  Gulf  of  California. 

In  the  case  of  the  Atlantic  Border,  Gulf  Border,  Texan,  North  Mex- 
ican, and  the  two  Interior  regions,  the  correlation  of  certain  of  the 
Upper  Cretaceous  formations  of  each  with  certain  of  those  or  all  the 
others  has  been  confidently  determined  by  specific  identity  of  fossils, 
and  in  many  cases  by  geographical  continuity  of  strata  also.  But  while 
one  can  not  doubt  that  the  Upper  Cretaceous  deposits  of  the  Pacific 
Border  region  were  contemporaneous  with  some  of  those  which  occur 


'See  foot-note  relative  to  certain  Ostreid  forms,  on  page  IZl. 
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in  all  the  other  regions,  no  geo<)^raphic  continuity  of  their  strata  has 
yet  been  observed  and  no  satisfactory  recognition  of  their  faanal  re- 
lationship has  been  made.  It  is,  however,  true  that  a  large  nnmber  of 
specific  forms  in  the  mollnscan  fauna  of  the  Chico  formation  are  repre- 
sented by  closely  similar  forms  in  the  Upper  Cretaceous  of  those  more 
eastern  regions,  especially  in  the  Bipley  formation  of  the  Oulf  Border 
tnd  Texan  regions. 

General  remarks  concerniiig  the  Cretaceous  of  the  seven  North  American 

regions. 

In  the  course  of  the  foregoing  discussion  of  the  Cretaceous  formations 
of  the  different  regions,  the  coal-bearing  character  of  a  large  part  of  them 
has  been  several  times  referred  to.  The  presence  of  coal  among  these 
strata  is  important  from  an  economic  view,  and  it  has  much  significance 
with  reference  to  the  physical  conditions  which  prevailed  daring  Cre- 
taceous time  in  North  America. 

The  vegetal  substance  of  which  the  coal  is  composed  having  orig- 
inated upon  land  or  marsh  surfaces  implies  that,  although  it  may  be,  as 
it  in  some  cases  is,  intercalated  between  marine  strata,  non-marine  con- 
ditions prevailed  when  and  where  it^  material  wavS  prodnceil,  although 
marine  conditions  immediately  i)reeeded  and  followed  its  production. 
It  is  true,  however,  that  much  the  greater  part  of  the  coal  and  so- 
called  lignite  of  the  Cretaceous  formations  of  North  America,  which 
in  the  aggregate  probably  exceeds  the  coal  of  the  Carboniferous  Coal 
Measures  of  the  continent,  has  been  accumulated  among  the  strata  of 
wholly  non-marine  formations,  which  implies  the  existence  of  broad 
continental  areas. 

Thus  the  coal  of  the  Colorado,  Montana,  Chico,  Nanaimo,  and  Queen 
Charlotte  formations  being  both  overlain  and  underlain  by  marine 
strata  indicates  the  preponderance  of  marine  over  land  conditions  when 
and  where  those  formations  were  accumulated.  But  the  coal  of  the 
Kootanie,  Dakota,  Belly  River,  Laramie,  and  Puget  formations  occur- 
ring among  strata  of  wholly  non-marine  origin  implies  that  marine 
waters  had  retired  from  the  districts  or  regions  where  they  were  de- 
posited and  that  broad  continental  conditions  prevailed. 

These  facts,  together  with  the  evidence  of  the  existence  of  varions 
breaks  in  the  order  of  succession  of  the  formations  which  has  been 
pointed  out,  show  that  during  the  whole  of  Cretaceous  time  continental 
conditions  prevailed  over  largo  portions  of  what  is  now  the  North 
American  continent.  Therefore,  the  study  of  its  Cretaceous  geology 
ought  to  have  large  reference  to  continental  conditions. 

Closing  the  discussion  of  the  formations  of  each  of  the  Cretaceous 
regions  of  the  continent,  remarks  were  made  upon  the  upper  and  lower 
delimitations  of  the  full  Cretaceous  series  as  found  within  it«  borders, 
but  the  following  summary  will  give  a  more  comprehensive  view  of  the 
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relation  of  the  North  American  Cretaceons  as  a  whole  to  the  earlier 
Mesozoic  and  to  the  Eocene. 

The  entire  absence  of  Lower  Gretnccous  formations  from  large  geo- 
graphical areas  where  Upper  Cretaceons  formations  prevail  and  the 
comparatively  slight  development  of  them  in  other  areas,  together  with 
thegreat  paleontological  differences  between  the  characteristics  respec- 
tively of  the  Lower  Cretaceons  formations  which  are  now  known,  indi- 
cate the  existence  of  large  continental  areas  dnring  Lower  Cretaceons 
time,  of  which  no  record  has  yet  been  discovered,  and  necessarily  ren- 
der the  lower  delimitation  of  the  Cretaceons  svstem  in  North  America 
as  a  whole  a  matter  of  mnch  nncertainty.  Besides  this  the  Triassic 
and  Jurassic  systems  are  nowhere  welt  represented  in  North  America, 
particularly  <is  regards  their  paleontological  characteristics. 

At  no  known  place  in  North  America  where  Jnrassic  strata  have  been 
recognized  do  their  fossil  contents  give  any  clear  indication  of  an  im- 
pending change  to  Cretaceons  characteristics,  and  in  no  case  have 
Lower  Cretaceous  strata  been  found  to  bear  fossil  remains  which  indi- 
cate a  gradual  transition  from  the  Jnrassic,  unless  the  Potomac  forma- 
tion and  its  equivalents  shall  prove  to  be  an  exception.  Moreover, 
with  that  possible  exception,  no  Lower  Cretacons  strata  have  been 
found  resting  upon  those  which  may  satisfactorily  be  referred  to  the 
JurassicJ  Admitting  the  possible  exception  just  mentioned,  the  Poto- 
mac formation  is,  in  the  tables  on  following  pages,  represented  as  occu- 
pying a  transitional  position  between  the  Jurassic  and  Cretaceons; 
but  this  question  is  not  regarded  as  by  any  means  a  settled  one.  In 
all  other  cases  the  facts  hitherto  observed  indicate  on  the  one  hand 
that  the  lowermost  known  Cretaceous  strata  do  not  represent  the  very 
earliest  portion  of  Cretaceous  time,  in  North  America,  and  on  theother 
that  no  strata  yet  discovered  represent  the  close  of  North  American 
Jurassic  time. 

It  will  thus  be  seen  that,  with  the  possible  exception  referred  to,  the 
lower  delimitation  of  the  North  American  Cretaceous  is  everywhere 
marked  by  a  hiatus  which  is  an  important  one  even  where  the  shortest 
interval  of  time  is  indicated,  and  which  over  a  great  geographical  area 
is  so  great  as  to  reach  npward  to  the  base  of  the  Dakota  formation, 
which  is  regarded  as  the  base  of  the  Upper  Cretaceous.  Moreover, 
this  hiatus  is,  in  many  places,  extended  downward  by  the  absence  of 
older  formations,  so  that  Cretaceous  strata,  even  as  late  as  those  of  the 
Dakota  formation,  are  found  resting  upon  Pcileozoic,  and  even  upon 
Archean  rocks. 

The  lower  delimitation  of  the  North  American  Cretaceous  system  is  in- 
definite because  of  ( he  facts  just  mentioned,  and  because  of  the  imprac- 
ticability of  correlating  with  one  another  those  formations  that  in  the 


■ItU  possible  that  the  Trinity  formation  of  the  Toxnn  r»<;ion,npon  which  the  Comanche  series 
rests  there,  may  yet  prove  to  be  of  Jurassic  a^^e,  but  it  is  in  this  memoir  reforreil  provisionally  to  the 
Lower  Cretaceous. 
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different  regions  of  the  continent  constitnte  the  locnl  base  of  the  fall 
series  of  Cretaceoas  formations.  The  upper  delimitation  of  the  system 
is  frequently  the  result  of  removal  of  strata  that  have  been  deposited,  or 
that  of  a  failure  of  their  deposition,  but  in  certain  cases  it  is  indefinable 
because  of  the  blending  of  the  uppermost  strata  of  the  Cretaceous  with 
those  the  Eocene  age  of  which  can  not  reasonably  be  doubted. 

The  plainest  and  most  unmistakable  case  of  blending  of  Upper  Cre- 
taceous with  Eocene  strata  is  that  of  the  Chico-T^jon  series  in  Cali- 
fornia, where  it  is  both  paleontological  and  stratigraphical.  This 
series  is  known  to  reach  an  aggregate  thickness  of  not  less  than  10,000 
feet,  through  which  ranges  a  marine  molluscan  fauna  em  bracing,  both 
Cretaceoas  and  Tertiary  tyi>es.  In  the  lower  portion  of  the  series  the 
Cretaceous  types  are  so  numerous  that  one  is  not  justified  in  referring 
it  to  other  than  the  Cretaceous  system ;  and  in  the  upper  portion  the 
fauna,  a  large  proportion  of  the  members  of  which  are  also  found  in 
the  lower  portion,  is  equally  characteristic  of  the  Tertiary,  the  Creta- 
ceous forms  having  gradually  disa[)peared. 

It  seems  to  be  unquestionable  that  the  passage  from  Cretaceous  to 
Tertiary  time  wtis  accomplished  while  the  marine  area  in  which  the 
Chico-Tejon  series  of  stratii  was  deposited  was  undisturbed  by  any 
movements  of  the  earth's  crust  which  resulted  disastrously  to  its  fauna 
or  in  any  general  interruption  of  its  sedimentation. 

Another  case  of  the  blending  of  the  Cretaceous  and  Terti  iry  is 
understood  to  have  occurred  within  or  in  connection  with  the  Laramie 
formation,  which  subject  has  been  discussed  on  preceding  pages.  In 
this  case,  however,  while  the  stratigraphical  evidence  is  quite  as  good 
as  it  is  in  the  case  ot*  the  Chico-T6jon  series  the  paleontological  evi- 
dence is  not  so  direct.  That  is,  in  the  case  of  the  Chico-T6jon  series, 
unbroken  marine  conditions  existed,  but  in  the  other  case  there  was, 
near  the  close  of  Cretaceous  time,  a  change  from  marine  to  non-marine 
conditions,  while  there  was  evidently  no  general  interruption  of  se<li- 
mentation  within  the  great  area  where  the  evidences  of  that  transition 
from  marine  to  non-marine  conditions  have  been  observed. 

It  is  probable  also  that  the  Puget  formation  represents  the  Laramie, 
and  therefore  a  transitional  epoch  between  Cretaceous  and  Tertiary 
time ;  but  the  Puget  formation  occupies  a  comparatively  small  area,  while 
the  aggregate  area  occupied  by  the  Chico-T^jon  series  and  by  the  Lar- 
amie formation  are  each  many  thousands  of  square  miles  in  extent. 

These  facts  are  sufficient  to  show  the  indefinable  character  of  the 
upper  delimitation  of  the  North  American  Cretaceous  system,  at  least 
in  two  important  regions,  a  condition  that  must  necessarily  have  ex- 
isted in  many  other  parts  of  the  world,  but  evidence  of  which  has  sel- 
dom been  recognized. 

One  can  not  review  the  facts  that  have  been  ascertained  concerning 
the  North  American  Cretaceous  without  being  impressed  with  the  evi- 
dence already  referred  to  of  the  prevalence  of  continental  conditions  at 
different  epochs  during  t\\e,  \\\io\^  o^  ^Y^\;s3ifc%w3k&  \\m^^  ^>AvaA  of  them 
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having  been  eontemporancoua  with  those  in  which  important  marine 
/ormationa  were  deposited ;  and  he  is  Ktill  further  impressed  with  the 
fact  that  continental  conditions  prevailed  in  North  America  even  more 
extensively  during  the  earlier  Mesozoic. 

It  is  true  that,  upon  at  least  the  western  border  of  tlie  continent,  we 
find  the  marine  Cretaceous  merging  into  the  marine  Eocene,  but  within 
a  large  part  of  its  great  interior  portion  we  find  the  marine  Cretaceous 
formations  immediately  succeeded  by  those  which  were  deposited  in 
either  brackish  or  purely  fresh  waters,  all  of  which  necessarily  were 
more  pr  less  completely  landlocked.  The  prevalence  of  such  bodies  of 
wafer  implies  the  contemporaneous  existence  of  surrounding  continental 
conditions  which  we  have  reason  to  believe  never  afterward  suffered 
from  marine  invasion.  The  subsequent  continental  changes  involved 
the  final  draining  away  of  those  non- marine  waters,  and  the  elevation 
of  the  principal  now  existing  mountain  ranges,  but  the  oc^surreuce  of 
those  changes  was  evidently  coincident  with,  or  after  the  close  of,  Cre- 
taceous time. 

EXTRA-REGIONAL  DISTRICTS. 

Reference  has  already  been  made  to  the  existence  of  Cretaceous 
deposits  in  certain  portions  of  North  America  which  are  not  included 
within  the  limits  of  any  one  of  the  seven  regions  which  have  been 
defined  and  discussed  on  preceding  pages.  These  deposits  have  been 
left  to  be  discussed  or  referred  to  under  the  head  of  extra-regional  dis- 
tricts, because  their  known  exposures  are  small  and  it  is  impracticable 
to  clearly  define  the  respective  areas  which  they  occupy,  or  because 
little  has  yet  been  learned  of  their  character  or  extent. 

From  a  few  desultory  publications  and  from  casual  items  of  informa- 
tion which  have  from  time  to  time  reached  geological  investigators 
there  is  reason  to  believe  that  large  portions  of  central  and  southern 
Mexico  and  of  Central  America  are  occupied  by  Cretaceous  forma- 
tions. The  Upper  Cretaceous  doubtless  prevails  in  that  great  southeru 
area,  and  it  is  probable  that  the  marine  Lower  Cretaceous  has  there  a 
more  important  development  than  it  has  elsewhere  upon  this  continent. 
This  is  indicated  by  the  increase  in  thickness  of  the  Comanche  series 
toward  the  west  and  southwest  from  the  Texan  region,  which  has  been 
noted,  as  has  also  the  evidence  that  the  whole  series  thins  out  toward 
the  north  and  east  within  the  Texan  region.  The  little  that  is  yet 
known  of  the  geology  of  this  great  southern  portion  of  the  continent 
makes  it  probable  that  when  it  has  been  systematically  investigated  it 
will  be  found  to  constitute  one  of  the  most  important  Cretaceous  regions 
within  its  limits  in  North  America. 

The  following  publications,  besides  those  which  have  already  been 
referred  to,  contain  the  most  that  has  yet  been  made  known  concerning 
the  Cretaceous  geology  of  Mexico: 

Castillo,  Antonio  del.    Bosquojo  do  ima  Carta  de  la  Republica  Mexicana,  for- 
mado  por  disposicion  del  Secreiariu  do  Fouieuto. 
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Galkotti,  H.    Notice  sar  le  Caloaire  Creiaco  des  environs  do  Jalapa  au  Mexique. 

Bull.  Soc.  fr6o\,  i\e  France,  vol.  10,  I8:i8  a  1H39,  pp.  32-39. 
Ramirez,  Santiago.    Informe  que  conio  resultado  de  su  Exploracion  en  la  Sierra 

Mojada.    Anales  del  Ministorio  de  Fomento  de  la  Repiiblica  Mexicaua,  vol.  3,  pp. 

l)'^7-C87. 
.    Informe  sobre  el  Mineral  de  Guadalcazar  en  el  Eatadodo  San  Lnis  Potoef, 

ibid,  pp.  3:i9-404 
.    Memoria  para  la  Carta  Geologica  <lel  Distrito  de  Znmpan^o. 


Bakcena,  Mariano.    Noticia  cientifica  <lo  una  parte  del  Estadode  Hidalgo.    Anales 

del  Mtuisterio  de  Fomento  do  la  Rcpublica  Mexicaua,  vol.  1,  pp.  :);U-:i51. 
.    Materiales  para  la  Formncion  <le  una  Obra  <lo  Paleontologia  Mexicaua. 

Anales  del  Mnseo  Nacional  de  Mexico,  vol.  1,  pp.  85-87, 19&-202,  283-28(i. 
Urquiza,  Manuel.    Exploracion  del  Dintrito  de  Coalconiau,  Entado  de  Michoacan. 

AnalcH  del  MiniMtorio  de  Fomento  de  Republica  Moxicuua,  vol.  7,  pp.  195-261. 
White,  Ciiaules  A.     DeHcripcion  de  an   gran   fossil  Gastoropodo  del  Estado  de 

Pue.bla.     La  Natnraleza,  vol.  6,  pp.  219-221. 
Heilpkin,  Angklo.    The  Geology  and  Paleontology  of  tbe  Crotaceons  Deposits  of 

Mexico.    Proc.  Aoad.  Nat.  Sci.,  Phila.,  for  1890,  pp.  445-469,  and  3  platen. 
NiKiriN,  S.    Einiges  neber  den  Jura  in  Mexico  nnd  Centralasieu.     Neues  Jahrbnch 

fur  Min.,  Geol.  u.  Paliveont.,  Jabrgaug,  181K),  II  Band,  drittes  Heft,  pp.  273-274. 

Just  as  tlio  manu8cri])t  of  tbis  memoir  is  going  to  press  an  article  by 
Prof.  Aiigelo  IJeilprin  lias  appeared,  eutitlcd  The  Geology  and  Paleon- 
tology of  tbe  Cretaceous  Deposits  of  Mexico.*    He  says : 

Cretaceous  deposits  cover,  or  are  seal  tcred  over,  tbe  greater  part  of  Mexico,  from  the 
Atlantic  p!aius  to  tbe  Pacific,  and  froui  the  Rio  Grande  to  (or  tbrough)  the  States  of 
Coliuia,  Micboacan,  Guorero,  aud  Oaxaca.  These  deposits  are  continuous  with  tbe 
Cretaceous  area  of  tbe  interior  basin  of  the  Uuited  States,  and  are  largely  the  equiva- 
lents in  age  of  the  deposits  which  arc  represented  in  Texas  and  in  the  other  Gulf 
States. 

The  geological  map  by  Prof.  Castillo  is  also  received  while  this  memoir 
is  in  press.  It  is  an  important  contribution  to  the  knowledge  of  the 
geology  of  the  Mexican  Republic,  and  contains  much  matter  hitherto 
unpublished,  but  it  is  accompanied  by  no  descriptive  text. 

Several  authors  have  published  reports  of  the  existence  of  Cretaceous 
deposits  upon  certain  of  the  West  India  Islands,  namely,  upon  Jamaica, 
St.  Thomas,  San  Domingo,  and  Trinidatl.^  For  the  present  purpoHC, 
however,  these  discoveries  are  comparatively  unimportant,  and  the  I'e- 
ported  characteristics  of  the  deposits  afford  few  if  any  data  by  which 
they  may  be  correlated  with  any  of  the  North  Amerioftu  Cretaceous 
formations.  Indeed,  a  part  of  them,  especially  those  of  the  Island  of 
Trinidad,  appear  to  have  less  affinity  with  these  than  with  those  of 
South  America. 

Naturalists  connected  with  the  various  expeditions  to  the  far  north 
have  brought  back  collections  of  fossils,  comprising  both  invertebrate 
and  plant  remains,  which  indicate  the  existence  of  Cretaceous  deposits 


>Proa  Aoad.  Nat.  Sci.  Tbila.,  Dec,  1890.  pp.  445-4G9 ;  Plates  xi-xiii. 

'See  Barrett:  Go  sonio  Cretaceous  Rocks  in  the  SoutlieasLern  portion  of  Jamaica.  Qaart.  Jour. 
Geol.  Soc.  Lond.  for  1860,  pp.  324-32G. 

Duncan,  P.  M.,  and  G.  P.  Wall :  A  notice  of  tbe  Geolojiy  of  Jamaica.  Quart.  Joar.  GeoL  Soc  Lend, 
for  188-1,  pp.  1-15. 

Sawkins.  J.  G  :  Report  on  the  Geology  of  Jamaica,  or  Port  2  of  the  West  Indian  Survey. 
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in  different  portious  of  Arctic  North  America.  The  best  known  collec- 
tions of  plant  remains  were  obtmned  in  western  Greenland,  and  these 
represent  floras  that  are  respectively  referable  to  the  Upper  and  Lower 
Oretaceous  of  North  America.'  The  collections  that  have  been  obtained 
at  the  two  localities,  respectively  designated  as  Atane  and  Patoot,  are 
each  regarded  as  representing  a  separate  stage  of  the  Upper  Cretaceous, 
that  of  Atane  being  the  older,  and  probably  eqaivalent  to  the  Dakota 
formation.  The  collections  made  at  the  Kome  locality  are  referred  to 
the  Lower  Cretaceous. 

The  second  Nortli  Pole  expedition  obtained  a  collection  of  inverte- 
brate fossils  on  Kuhn  Island,  of!:'  the  east  coast  of  Greenland,^  which 
contained  among  other  forms  numerous  examples  of  the  Aucella^  which 
is  found  so  plentifully  at  various  plsices  in  the  Paciiic  Boixler  region 
and  in  northwestern  North  America  north  of  the  sixtieth  parallel  of 
north  latitude.  The  strata  from  wbich  these  Greenland  fossils  were 
obtained  are  therefore  referred  to  the  Lower  Cretaceous  and  not  to  the 
Jurassic. 

There  is  in  the  central  portion  of  the  continent,  and  not  included  within 
any  of  the  regions  that  have  been  defined  on  preceding  pages,  a  large 
district  which  has  been  already  referred  to  as  one  within  which  CreUi- 
ceous  deposits  formerly  prevailed,  but  which  have  been  mostly  removed 
by  erosion  or  obscured  by  glacial  action.  This  district  lies  east  of  and 
adjacent  to  the  eastern  boundary  of  the  Great  Interior  area  as  defined 
on  page  141,  and  north  of  the  Texan  region.  The  eas1:ern  boundary  is 
not  clearly  definable,  but  it  may  be  designatetl  as  passing  northward 
through  the  western  bonier  of  Illinois  and  that  of  Wisconsin  to  the 
northeast  corner  of  Minnesota,  and  thence  northwestward  through  Mani- 
toba. That  is,  it  is  assumed  that  the  sea  in  which  the  Cretaceous  de- 
posits of  the  Great  Interior  area  were  formed  originally  extended  east- 
ward nearly  or  quiti^  as  far  as  the  boundary  just  indicated. 

Small  outliers  or  local  exposures  of  Cretaceous  strata  have  been  found 
at  numerous  localities  in  Minnesota,  and  a  less  number  in  Iowa,  the 
principal  of  which  are  shown  npon  the  map  accompanying  this  memoir. 
In  the  former  State  these  discoveries  range  from  its  southern  to  near 
its  northern  boundary,  but  in  the  latter  they  are  confined  mainly  to  the 
western  and  northern  portions.^ 

'  Oswald  Hcer,  Flora  Fossils  Arctica. 

^  Tonla,  F. :  Die  zwoite  deutsche  Nordpolar^ihrt,  vol.  2,  pp.  497-507. 

^  For  the  various  published  accounts  of  those  exposures  and  of  the  discovery  of  Cretaceous  fossils  in 
the  drift,  consult  the  following  wortts : 
Hall,  James,  U.  S.  and  Mexican  Boundary  Survey,  vol.  1.  pp.  101-140,  4  maps. 
Hall,  James,  Trans.  Am.  Philos.  Soc,  vol.  13  (n.  s. ),  pp.  329-339. 
White,  C.  A.,  Kep.  GeoL  Surv.  Iowa,  vols.  I  and  2. 
White,  C.  A.,  Proc.  Am.  As'n  Adv.  Sci.,  vol.  21,  pp.  187-192. 
Winchell,  N.  H.,  Oeol.  and  Nat  Hist  Surv.  Minn.,  Hop.  for  1873,  pp.  127-212. 
Winchell,  N.  H.,  Minn.  Acad.  Sci.  Bull.,  vol.  1,  pp.  347-3.50. 

Wiuchell,  N.  H..an(l  Wan-on  U]»hani,  Qcol.  and  Nat.  Hist  Surv.  Minn.,  Final  Report,  vol.2. 
Eldos,  J.  H.,  Am.  Jour.  Sci.,  1872,  vol.  3,  pp.  17-26. 
Worthen,  A.  n.,  Kep.  Geol.  Surv.  Illinois,  vol.  8,  pp.  3-7. 
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Besides  those  discoveries  in  Iowa  and  Minnesot^i,  Cretaceous  fossils 
and  material  believed  to  have  been  derived  from  Cretaceous  deposits 
have  been  found  in  the  driftof  western  Illinois  ^  and  the  drift  of  certain 
portions  of  western  Wisconsin  is  believed  by  some  geologists  to  contain 
similar  material.  The  character  of  these  latter  discoveries  is  such  as  to 
indicate  that  original  deposition  of  Cretaceous  deposits  occurred  in  the 
neighborhood  where  the  observations  were  made. 

No  such  deposits,  or  unmistakable  traces  of  them,  are  yet  known  to 
have  been  discovered  in  Missouri,  but  it  is  thought  not  improbable  that 
they  may  yet  be  found  at  least  in  the  northern  part  of  that  Stale.  In- 
deed it  seems  probable  that  the  waters  in  which  the  interior  Cretaceous 
deposits  were  made  were  continuous  with  those  in  which  were  dei>osited 
the  Cretaceous  formations  of  the  Gulf  Border  region,  by  way  of  a  nar- 
row strait  passing  through  what  is  now  a  portion  of  southwestern 
Illinois.  That  the  Cretaceous  sea  extended  eastward  as  far  aa  has  just 
been  indicated  seems  to  be  unquestionable,  but  that  a  narrow  strait 
connected  it  with  the  southern  sea  has  not  yet  been  proved. 

The  exposures  of  Cretaceous  deposits  in  situ  that  have  been  dis- 
covered in  this  district  are  all  so  small  that  they  are  represented  only 
by  mere  dots  on  the  accompanying  map,  but  there  are  trustworthy  in- 
dications that  in  certain  parts  of  the  district  they  really  occupy  con- 
siderable unbroken  areas  beneath  the  drift,  especially  in  Iowa  and 
Minnesota,  and  that  in  some  of  tho.'ie  places  they  reach  several  hundred 
feet  in  thickness.  There  is  no  reason  to  doubt  that  this  is  the  case 
within  a  considerable  area  in  northwestern  Iowa  and  within  similarly 
important  areas  in  southern  Minnesota.  So  fully  convinced  was  I, 
while  investigating  the  geology  of  northern  and  western  Iowa,  that  Cre- 
taceous deposits  occupy  a  large  area  beneath  the  drift  that  I  so  repre- 
sented it  upon  the  maps  of  my  reports.' 

All  the  Cretaceous  deposits  which  have  been  recognized  within  this 
district  belong  to  the  Upper  Cretaceous,  remnants  of  the  Dakota,  Col- 
orado, and  Montana  formations  having  been  recognized  in  different 
parts  of  it  by  means  of  characteristic  fossils,  but  no  evidence  has  been 
observed  that  the  Laramie  ever  existed  within  it,  and  none  that  this 
formation  ever  extended  so  far  eastward  as  its  western  border.  Because 
these  deposits  are  generally  found  resting  upon  Paleozoic  and  older 
rocks  it  is  not  thought  probable  that  an^^  Lower  Cretaceous  strata  were 
ever  depositicd  within  the  limits  of  the  district. 

It  is  probable  that  the  Cretaceous  ibrmatious  of  this  district  never 
reached  so  great  a  thickness  as  did  their  representatives  in  the  regions 
to  the  west  of  it,  and  this  may  in  part  account  for  the  small  bulk  of  the 
remnants  which  now  exist  there.  But  evidently  this  paucity  of  Creta- 
ceous deposits  there  is  largely  due  to  the  fact  that  they  were  not  only 
exposed  to  erosion  during  Tertiary  time,  but  they  were  still  further 


*  Geol.  Surv.  IllinoiK,  vol.  8,  pp.  3-7. 

'See  Kep.  Geol.Surv.  Iowa,  1870,  toIb.  1  and  2,  with  maps. 
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removed  and  obscured  by  glacial  a<;tiou.  Tbese  causes  togetber  bave 
left  tlie  record  of  Cretaceous  bistory  for  tbis  part  of  tbe  interior  of  tbe 
continent  in  a  very  fragmentary  condition. 

The  otber  extra-regional  districts  wbich  remain  to  be  noticed  embrace 
Alaska  and  otber  portions  of  tbe  northwestern  part  of  tbe  continent, 
north  of  tbe  60tb  parallel.  Tbe  discovery  of  Cretaceous  deposits  in 
western  Alaska  and  adjacent  islands  bave  been  made  by  persons  con- 
iiect>ed  with  several  different  expeditions.  Tliese  discoveries  bave  given 
comparatively  little  information  concerning  tbe  general  Cretaceous 
geology  of  tbe  district,  and  therefore  our  knowledge  of  it  is  mainly 
confined  to  tbe  inferences  which  properly  may  be  drawn  from  the  char- 
acter of  tbe  fossils  collected  there.  This  information  is  scattered 
through  a  considerable  number  of  publications  in  different  countries.^ 

Tbe  localities  at  which  the  fossils  referred  to  were  discovered  are 
nearly  all  indicated  upon  the  accompanying  maj)  by  spots  of  the  color 
used  to  designate  other  Cretaceous  areas,  but  tbe  following  statements 
indicate  the  localities)  that  were  visited  by  each  discoverer. 

The  fossils  published  by  Grewiugk  were  collected  by  Ilia  Wosness- 
ensky  at  the  bay  of  Katmai  on  the  southern  coast  of  the  Alaskan 
peninsula,  approximately  u])on  58^  north  latitude  and  155^  west  longi- 
tude. It  was  near  this  locality  that  some  Mesozoic  fossils  were  obtained 
that  were  published  by  myself,  but  which  I  could  not  then  confidently 
refer  to  the  Cretaceous.^  It  is  now  thought  probable  that  the^se  fossils 
belong  to  the  same  general  horizon  as  the  Aucella- bearing  beds,  and  if 
so  they  ought  to  be  referred  to  the  (Dretaceous. 

Tbe  few  fossils  that  were  published  by  Fischer  were  obtained  by 
Alpb.  Pinart  at  ^'  le  baie  d'Amakshak,  pr^  de  Soutkhoum,  et  le  bale 
Nokkbalilik,  pr^  du  volcan  Chigihinagak."  The  former  locality  is 
approximately  upon  north  latitude  66°  58'  and  longitude  159^  40',  and 
the  latter  upon  56^  58'  north  latitude  and  longitude  159o  10'  west, 
both  localities  being  upon  the  north  side  of  the  Alaskan  peninsula. 

The  few  species  which  were  ])ublished  by  myself  and  collected  by 
W.  H.  Dall  at  Fossil  Point,  Port  Miiller,  were  found  approximately  upon 
longitude  160^  31'  minutes  west  and  latitude  55°  14'  north,  tbe  locality 
being  upon  the  north  side  of  the  Alaskan  peninsula,  and  not  far  distant 
from  the  localities  which  were  visited  by  Pinart. 

Eichwald's  fossils  were  obtained  by  Peter  Doroschin  from  several 
localities  upon  both  sides  of  the  Alaskan  peninsula,  the  principal  of 
which  may  approximately  be  indicated  as  follows  by  north  latitude 
and  west  longitude:  lat. 59©  20',  long.  1520;  lat.  60^32',  long.  152°  25'; 
lat.  580,  long.  155°  25';  lat.  5Go  30'  long  157^  30'. 


*  Eichwald,  £.,  Goognont.  Falaeont.  Bomerkungen  U.  d.  Halbiiisel  MangiBcblak  n.  d.  Aleatischen  In- 
win,  pp.  88-200 :  White,  C.  A.,  Bull.  U.  S.  Geol.  Siirv.  No.  4.  pp.  1016 ;  Growingk,  C.,  Rasa.  Kaia,  MIn.  Ge- 
tielUcli.,  St.  Petersburg;,  1848-'49,  pp.344-.T«7 ;  FiMcber,  I*.,  Voya^o  alacote  uordoiiest  derAni^rique,  par 
M.  Alpii.  Pinart,  pp.  33,  ot  .set}.  For  n  brief  Kkotcb  of  tlio  {zo<>lo<:v  of  tlio  Alaskan  Peninsula,  see  W.  H. 
Dall  in  Am.  Jour.  Sci.  for  July,  1JV2.  pj).  67-(K  Compare  also  White,  C.  A.,  Meaozoic  Mollosca  from 
the  Southern  Coast  of  the  Alasknu  Peninsula,  I3uil.  U.  S.  Geol.  Surv.  No.  51,  vol.8,  pp.  494-500,  andplatov 
12-U. 

s  See  Bali  U.  S.  Geol  Surv.  No.  51,  vol.  8,  pp.  494-500  and  PUie^  U-W 
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The  foMsilH  fouod  at  all  the  localities  which  have  been  mentioned  in 
the  foregoiug  paragraphs  are  all  invertebrates,  and  all  are  referred  to 
the  Low(*r  Oretticeous,  although  Eichwald  refers  a  part  of  his  species 
to  theOaiilt.  Furthermore,  I  have  little  or  no  doubt  that  the  strata 
from  which  all  these  fossils  were  obtained  belong  to  the  great  horizon 
of  the  Sha(«ta  group  of  Califoruia,  and  of  the  Queen  Charlotte  group  of 
British  Columbia. 

The  only  other  published  evidence  of  the  existence  of  Cretaceous 
strata  iu  the  western  Alaskan  district  of  which  I  have  any  kuowled^^ 
cousists  of  some  fossil  plants  which  have  been  discovered  at  Cape  Lis- 
burne,  and  which  have  been  referred  to  the  Neocomian  by  Lesqueren^ .^ 
These  ]>lants  probably  represent  a  portion  of  one  of  the  Greenland 
floras,  but  direct  evidence  upon  that  point  is  wanting. 

The  discoveries  of  Cretaceous  deposits,  which  have  been  made  in 
British  America  north  of  the  sixtieth  parallel  of  north  latitude  and  in 
the  adjacent  parts  of  eastern  Alaska,  are  among  the  results  of  explora- 
tions undertaken  by  the  Canadian  geological  survey,  only  a  part  of 
which  are  yet  published.^  Besides  the  information  derived  from' the 
published  reports  of  that  survey',  I  have  been  favored  with  notes  from 
reports  by  Dr.  G.  M.  Dawson  and  Mr.  li.  G.  McConuell,  which  are  yet 
unpublished.  The  following  statements,  as  well  as  the  outlines  of  the 
aresis  which  arc  colored  as  Cretaceous  upon  the  map  at  the  end  of  this 
bulletin,  are  in  part  made  in  accordance  with  those  notes  and  in  part 
from  the  published  reports  referred  to. 

The  color  upon  the  map  includes  all  deposits,  from  those  of  the  Shasta 
horizon  to  the  Laramie,  inclusive,  and  the  observations  that  have  been 
made  have  not  yet  been  sufficient  to  define  all  the  intervening  forma- 
tions which  presumably  exist  in  that  northern  region.  It  is  certain, 
however,  that  strata  of  the  Shasta  horizon  originally  extended  over  a 
large  part  of  it,  esi)ccially  in  the  area  drained  by  the  Yukon.  It  ap- 
pears also  that  marine  U))per  Cretaceous  deposits  also  occur  nearly  or 
quite  as  far  north  as  the  mouth  of  Mackenzie  River.  These  latter  de- 
posits presumably  are,  or  originally  were,  continuous  with  those  farther 
south,  in  the  Great  Interior  area,  but  it  does  not  necessarily  follow  that 
those  deposits  which,  in  the  valley  of  Mackenzie  River,  have  been  found 
to  contain  Laramie  species  of  plants  were  originally  continuous  with  the 
great  Laramie  formation.  It  is  more  ])robable  that  they  were  contem- 
poraneously' deposited  in  separate  bodies  of  water  and  that  the  leaves 
of  then  existing  deciduous  plant^^  were  cast  into  those  waters  on  either 
hand,  as  has  been  intimated  by  i^r.  G.  M.  Dawson.' 


» Proc.  U.  S.  Nat  Mus.,  vol.  11, 1888.  pp.  31-33,  aud  plates  10  and  16. 

'Seo Dawson,  6.  M.,  Report  on  an  Exploration  in  the  Yukon  District,  N.  W.  T.,  etc.,  GeoL  Sarv.  Can- 
ada, Ann.  Rep.  Proj^.  for  1887-'88,  pp.  5-178  B ;  also.  Notes  to  accompany  a  geological  map  of  the  northern 
portion  of  the  Dominion  of  Canada  east  of  the  }«ouky  Moantains.  Ann.  Rep.  Geol.  Sarv.  Canada  for 
1886,  pp.  1-62  R,  and  map. 

Mr.  R.  G.  McConnell,  of  the  Canadian  geo1o;;ical  survey,  has  now  in  press  an  important  report  con- 
cerning his  explorations  in  the  vnlloy  of  Mackenzie  River  and  that  of  the  Yakon. 

*  Trans.  Roy.  Soc.  Canada,  vol.  8,  sec.  4,  sketch  map  3,  following  page  74. 
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CORRELATION  AND  TAXONOMY   ILLUSTRATED  BY  TABLES. 

The  relation  of  the  Cretaceous  fornuUious  in  each  of  the  seven  recog- 
nized regions  of  the  continent  to  those  which  lie  adjacent  to  it  and  the 
known  or  supposed  taxonoiuic  position  of  each  of  those  formations  with 
relation  to  a  recognizable  scale,  have  to  some  extent  been  shown  upon 
preceding  pages,  but  it  is  desirable  that  the  subject  of  the  correlation 
and  taxonomy  of  the  North  Americiui  Cretaceous  formations  should  be 
presented  somewhat  more  concisely*.  Therefore,  the  )>rincipal  sections, 
18  in*nuuiber,  that  have  been  published  from  time  to  time  by  diftereut 
authors  have  been  selected  for  tabular  arrangement  in  such  a  manner 
as  to  be  synoptically  comparable  with  one  another,  and  these  tables 
are  presented  on  following  pages.  This  tabular  presentation  of  the 
subject  not  only  gives  my  own  views  as  to  the  correlation  and  taxo- 
nomic  position  of  each  formation,  but  it  shows  the  limitation  of  the 
formations  which  other  authors  have  recognized  and  the  identity  of 
certain  formations  that  have  received  diiferent  names  from  different  V 
authors.  The  spaces  which  in  each  tab^e  are  inclosed  by  lines  respect- 
ively represent  the  formations  which  have  been  recognized  and  also 
the  position  in  the  scale  to  which  each  is  assigned.  The  spaces  which 
are  open  at  the  right  hand  side  represent  the  assumed  absence  of 
strata  necessary  to  make  the  section  complete. 

One  always  finds  it  more  or  less  difficult  to  present  satisfactorily  in 
tabular  form  his  views  as  to  the  correlation  of  formations  which  occur 
in  different  and  widely  separated  portions  of  a  continent,  but  perhaps 
one  of  the  best  methods  is  to  tabulate  them  by  name  in  parallel  columns 
upon  a  single  sheet.  In  the  present  case  a  sheet  would  be  inconven- 
iently large,  especially  as  explanations  are  deemed  necessary  for  each 
section  to  be  represented.  I  have  therefore  devoted  one  table  to  each 
section,  a  whole  page  to  each  table,  and  the  whole  of  the  opposite  page 
to  its  explanation. 

To  show  the  actual  or  supposed  relation  of  each  section  with  the 
others  1  have  adf>pted  for  each  table  a  graduated  scale,  the  unitary  di- 
visions of  which  are  represented  by  the  letters  of  the  alphabet,  a  full 
alphabet  being  devoted  to  both  the  Upper  and  Lower  Cretaceous. 
Thus  "a"  of  the  Upper  Cretaceous  division  of  the  scale  represents  the 
terminal  portion  of  Cretaceous  time;  and  "  z"  of  the  Lower  Cretaceous 
division,  the  initial  portion  of  the  same. 

The  scale  for  each  table  being  an  exact  counterpart  of  all  the  others, 
the  position,  with  reference  to  its  unitary  divisions,  of  the  space  which 
in  each  table  is  devoted  to  each  formation  of  the  section  represented 
api)roximately  expresses  my  views  as  to  its  correlation  with,  or  it«  taxo- 
nomic  position  with  reference  to,  the  formations  represented  in  all  the 
other  tables. 

Conspicuous  among  the  objections  that  may  be  made  against  the  use 
of  this  scale  is  the  aspect  of  mathematical  exactnei>s  which  is  produced 
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by  the  equal  spacing  of  the  unitary  di visions;  but  this  objection  would 
apply  vO  any  scale  the  purpose  of  whicli  is  to  express  subdivisions  of 
geological  time.  I  therefore  wish  distinctly  to  state  that  the  correlation 
and  taxooomic  arrangement  of  formations  which  are  shown  in  the  tables 
in  connection  with  the  use  of  this  scale  are  intended  only  to  represent 
my  present  views,  a  part  of  which,  at  least,  are  likely  to  be  changed  by 
further  investigation. 

In  some  cases,  for  example  in  the  case  of  the  Lower  Cretaceous  forma- 
tions represented  in  the  following  tables,  it  is  likely  that  the  true  posi- 
tion of  each  formation  with  reference  to  the  base  and  top  of  the  series 
and  also  with  reference  to  the  other  formations  may  not  be  accurately 
represented,  but  their  present  assignment  in  the  scale  has  been  made  iu 
accordance  with  my  present  interpretatioii  of  ascertained  facts,  lii 
other  cases,  however,  the  correlation  and  taxonomy  represented  in  the 
tables  are  regarded  with  much  confidence,  and  in  certain  cases  the  cor- 
relation is  necessarily  correct  because  similar  or  identical  sections  are 
compared,  the  formations  of  which  have  received  different  names  from 
different  authors;  that  is,  the  differences  in  the  latter  cases  are  only 
or  mainly  those  which  relate  to  their  roomenclature. 

In  the  discussion  of  the  formations  of  the  Pacific  Border  region  it  has 
beei.  shown  that  the  correlation  of  separate  formations  there  with  those 
of  any  of  the  other  regions  is  a  matter  of  much  uncertainty,  although 
one  can  not  doubt  that  at  least  the  Upper  Cretaceous  formations  of  that 
region  were  really  contemporaneous  with  some  of  thoseof  the  other  re- 
gions. It  will  therefore  be  understood  that  the  correlation  which  is 
implied  in  the  tables  embracing  those  formations  has  not  yet  been 
directly  demonstrated. 

Other  cases,  in  which  I  have  only  indicated  my  present  views  rather 
than  given  expression  to  established  facts,  are  the  placing  of  the  Da- 
kota formation  and  its  equivalents  at  the  base  of  the  Upper  Cretaceous, 
and  of  the  Potomac  formation  and  its  real  and  supposed  equivalents  at 
the  base  of  the  Lower  Cretaceous,  with  a  partial  extension  of  them  into 
the  Jurassic. 

The  student  of  Euroi)ean  geology  will  doubtless  be  disappointed  by 
not  finding  in  these  tables  an  attempt  to  correlate  the  subdivisions  of 
the  American  with  those  of  the  European  Cretaceous,  but,  as  was  stated 
in  the  introduction,  I  believe  that  much  more  extensive  studies  of  these 
formations  ought  to  be  made  before  any  such  correlation  can  be  satis- 
factorily established.  It  has  already  been  shown  that  North  American 
Cretaceous  geology  is  not  a  continental  unit,  and  until  we  are  able  to 
satisfactorily  correlate  the  Pacific  Border  formations  with  those  of  the 
other  regions  of  this  continent,  it  is  well  to  hold  in  abeyance  any  defi- 
nite attempt  at  the  correlation  of  the  subdivisions  of  the  North  Ameri- 
can Cretaceous  with  those  of  any  other  continent. 

It  may  not  be  amiss,  however,  to  say  that  the  time-scope  of  the  Amer- 
can  scale  which  I  have  here  introduced  being  regarded  as  ideally  cquiv- 
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alent  to  that  of  the  European  scale,  it  is  thought  that  the  plane  of  ^^c" 
in  the  Upper  Cretaceous  portion  of  the  former  corresponds  to  a  plane 
that  will  fall  within  the  approximate  honiotaxial  equivalent  of  the  sub- 
division of  the  European  scale  known  as  the  Upper  Chalk.  This  some- 
what indefinite  statement  and  the  general  inferences  that  may  be  drawn 
from  it  as  to  further  correlation  of  the  North  American  with  the  Euro- 
pean Cretaceous'  constitute  all  that  I  feel  warranted  in  saying  upon 
that  subject  in  this  connection. 

It  is  in  part  my  belief  that  the  time  has  not  yet  arrived  for  a  full  cor- 
relation of  the  subdivisions  of  the  American  with  those  of  the  European 
Cretaceous^  but  it  is  mainly  the  inherent  characteristics  of  the  various 
formations  which  constitute  our  North  American  Cretaceous  that  has 
caused  me  to  recognize  only  two  general  divisions  of  the  system,  an 
upper  and  a  lower,  instead  of  upper,  middle,  and  lower  divisions  which 
are  usually  recognized  in  Europe.  • 
Bull.  82 14 
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MSBK  A  HATDBN'8  UPPER  MISSOURI  RIVER  SECTION. 

The  section  which  for  mauy  years  has  been  known  as  Meek  &  Hay- 
den's  Upper  Missouri  Biver  section  is  represented  by  the  table  on  the 
opposite  page.  It  embraces  all  the  Cretaceous  formations  that  were 
recognized  by  those  authors  as  existing  in  the  region  which  is  ti-aversed 
by- the  Missouri  Eiver  from  Fort  Benton  in  Montana  to  the  mouth  of 
Big  Sioux  Biver  in  western  South  Dakota.  By  most  geologists  this 
section  has  been  recogiiized,  with  or  without  modification,  as  a  standard 
for  the  classification  of  the  formations  of  the  interior  ])ortion  of  the 
continent,  which  in  this  memoir  are  referred  to  the  North  American 
Cretaceous. 

The  modifications  which  have  been  proposed  by  different  authors  are 
shown  in  the  tables  upon  pages  213,  226,  231,  233,  235,  and  237.  For 
discussions  of  the  section  and  tables  representing  it  see  pages  144, 145, 
155  and  158. 
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Meek  ^  Hayden^s  Upper  Missouri  Biver  Section. 
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GEKKRAL  8ECTIOX  OF  THE  UPPER  CRETACEOUS  FOR  THE  GREAT  INTERIOR  AREA. 

The  opposite  table  represents  the  general  section  of  the  Upper  Cre- 
taceous formation  of  the  Great  Interior  area  in  the  form  which  was  pro- 
I)ose(l  and  published  by  Mr.  George  H.  Eldridge  as  a  modification  of 
the  classification  and  nomeuchvture  of  the  strata  and  their  equivalents 
which  were  embraced  in  the  Upper  Missouri  River  section  of  Meek  and 
Hayden,  and  not  as  being  exclusively  applicable  to  any  particular  one 
of  the  several  districts  in  which  the  strata  referred  to  occur. 

This  modified  classification  has  the  same  scope  and  is  essentially  the 
dame  as  that  which  was  used  by  Newberry,  Powell,  and  White  respec- 
tively, the  difference  being  only  or  mainly  that  of  nomenclature.  Both 
the  nomenclature  and  classification  proposed  by  Mr.  Eldridge  are  in 
this  memoir  adopted  for  general  use  in  those  districts  where  the  forma- 
tions in  question  are  known  to  occur.    See  pages  144  and  158. 
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General  Section  of  the  Upper  Cretaceous  for  the  Great  Interior  Area* 
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THK  NEW  JRRSKT  SltCTION. 

The  section  which  is  represented  by  the  table  npon  the  opposite  page 
is  that  which  has  been  described  and  illustrated  by  Prof.  Oco.  H.Cook 
in  several  of  the  publications  of  tlu»  New  Jersey  State  Geological  Sur- 
vey, but  which  was  first  defined  by  Prof.  H.  D.  Rogers.  The  tabular 
arrangement  of  the  formations  with  reference  to  the  scale  adopted  for 
this  memoir  shows  that  the  Potomac  formation  proper  is  supposed  to 
belong  in  part,  to  the  Jurassic,  and  also  that  the  Baritan  and  Amboy 
clays  are  thought  to  be  equivalents,  at  least  in  part,  of  the  Dakota 
formation.  See  tables  on  pages  211  and  213.  The  arrangement  of  the 
formations  in  this  table  also  shows  that  there  is  understood  to  be  a  time- 
hiatus  between  the  lower  and  upper  parts  of  the  Upper  Marl  bed  equal 
to  at  least  the  greater  part  of  the  epoch  of  the  Laramie  formation,  the 
taxonomic  position  of  which  is  shown  in  the  tables  on  pages  213,  223, 
225,  233,  237  and  239,  where  it  occupies  essentially  the  same  porliou  of 
the  scale  that  the  hiatus  does  in  this.  For  description  of  the  members 
of  the  New  Jersey  section,  see  pages  80-83. 
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SMITH   AND  JOHNSON'S  ALABAMA   SECTION. 

The  greater  part  of  this  sectiou,  which  may  be  taken  to  represent  the 
full  Cretaceous  series  of  Alabainn,  was  published  many  years  ago  by 
Prof.  M.  Tuomey  and  by  Prof.  A.  Winchell,  but  as  it  is  presented  in 
this  memoir  it  has  been  compiled  mainly  from  Bulletin  No.  43  of  the 
IT.  S.  Geological  Survey,  of  which  Prof.  E.  A.  Smith  and  Mr.  L  C- 
Johnson  are  the  authors.  The  section,  as  a  whole,  is  understood  to  be 
equivalent  to  that  of  New  Jersey  and  also  to  that  of  Mississippi,  which 
are  shown  in  the  tables  on  pages  215  and  219  respectively. 

The  time-hiatus  which  is  shown  in  the  op|)osite  table  to  occur  above 
the  Ripley  group  of  those  authors  occupies  the  same  part  of  the  scale 
that  the  corresponding  hiatus  does  in  tljat  of  both  the  New  Jersey  and 
Mississippi  sections,  and  like  the  hiatus  represented  in  the  two  latter 
sections  it  is  understood  t^  represent  the  whole  or  nearly  the  whole  of 
the  epoch  of  the  Laramie  formation  of  the  Interior  regions,  the  position 
of  which  formation  is  shown  in  the  tables  on  pages  213,  223,  225,  23.3, 
237  and  239. 

Immediately^  above  this  hiatus  certain  beds  occur  in  Wilcox  (/ounty 
which  contain  numerous  specimens  of  the  nautiloid  genus  EncUmaio- 
ceras  of  Hyatt,  which  beds  are  represented  here  because  tlrey  and  their 
equivalents  near  Little  Rock,  Arkansas,  have  been  erroneously  referred 
to  the  Cretaceous.    See  also  table  on  page  221. 

The  upper  portion  of  the  Eutaw  group  of  Alabama  is  understood  to 
be  equivalent  to  the  Tombigbee  sands  of  the  Mississippi  section  and, 
like  the  latter,  to  be  not  properly  S(»parable  from  the  Rotten  limestone. 
The  horizon  of  the  Tombigbee  sands  is  believed  to  be  approximately 
the  same  as  that  of  the  Dakota  formation,  as  will  be  seen  by  com- 
paring its  tabular  position  with  that  of  the  latter  formation  ui>on 
pages  211,  213,  229, 231, 233,  237  and  239.  For  discussions  of  the  form- 
ations of  the  Alabama  section  and  a  figure  representing  it  see  pages 
105-108. 
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Smith  and  Johnson's  Alabama  Section, 
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HILOARD'B  MISSISSIPPI  SKCnON. 

Prof.  B.  W.  Hilgartl,  in  his  Geological  Survey  of  tbe  State  of  Mia- 
sissippi,  fooDcl  there  essentially  the  same  section  of  Gretaceons  roeks 
that  exists  in  the  adjoining  State  of  Alabama,  and  these  are  assigned  to 
similar  positions  with  reference  to  the  scale,  as  will  l)e  seen  by  compar- 
ing the  table  on  page  217  with  this.  The  same  time-hiatus  also  is  recog- 
nized in  the  Mississippi  section  which  has  been  indicate<l  in  the  tables 
representing  the  New  Jersey  and  Alabama  sections  as  having  occarred 
between  the  dei>osition  of  the  uppermost  Cretaceous  stratii  and  that  of 
the  overlying  Eocene.  Furthermore,  it  is  understood  that  this  hiatus, 
as  in  the  other  cases  referred  to,  r«>presents  either  the  whole  or  much 
the  greater  part  of  the  Laramie  epoch. 

The  Eutaw  group  of  the  Mississippi  section  is  understood  to  repre- 
sent the  Tuscaloosa  group  and  the  lower,  greater  part  of  the  Eutaw 
group  of  the  Alabama  section,  and  to  be  equivalent  to  the  Potomac 
formation  of  the  Atlantic  Border  region. 

The  Tombigbee  Sand  is  nnderstoo<l  to  be  not  properly  separable  as  a 
distinct  formation  from  the  Rotten  limestone,  and,  like  the  upper  part 
of  the  Eutaw  group  of  Alabama,  to  belong  to  approximately  the  same 
horizon  as  that  of  the  Dakota  formation.  See  tables  on  pages  211, 
213,  229,  231,  233,  237  and  239;  and  for  discussions  of  the  formations, 
see  pages  105, 106. 
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Hilgard's  MUsissippi  Seotiou, 
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THR  KA8T  TEXAN  SECTION. 

Aside  from  the  GomaDche  series  the  Cretaceoas  section  of  the  eastern 
part  of  the  Texan  region  is  regarded  as  essentially  equivalent  to  those 
of  New  Jersey,  Alabama,  and  Mississippi,  respectively,  which  are  repre- 
sented in  the  tables  on  pages  215,  217  and  219. 

The  time-hiatus  above  the  Kipley  formation  is  understood  to  be  ap- 
proximately identical  with  that  which  is  shown  in  those  three  sections, 
and  to  represent  at  least  the  greater  part  of  the  epoch  of  the  Laramie 
formation,  the  position  of  which  is  shown  in  the  next  and  other  tables. 
The  Enclimatocerds  bed  of  the  Eocene  is  shown  in  the  opposite  table  for 
the  reason  given  on  page  112.  It  is  not  known  whether  this  bed  really 
constitutes  the  base  of  the  Eocene,  as  it  is  represented  to  do  in  these 
two  tables,  but  its  position  is  evidently  not  far  from  the  base. 

The  true  position  of  the  Comanche  series  in  the  Lower  Cretaceous 
scale  is  not  known,  and  it  is  only  provisionally  placed  in  the  position 
shown  in  the  opposite  table,  as  well  as  in  the  two  next  following  tables. 

The  true  place  of  the  Trinity  formation  is  a  matter  of  much  doubt. 
It  is  perhaps  equivalent  to  the  Potomac  formation  of  the  Atlantic 
Border  region,  the  assumed  position  of  which  is  shown  in  the  table  on 
page  215,  and  upon  that  supposition  the  Trinitj'  is  given  a  similar  place 
in  the  oppoi^te  table.  For  references  to  the  Potomac  formation,  see 
pages  80,  90;  and  to  the  Trinity,  pages  118, 119. 
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The  Eiut  Texan  Section, 
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THE  WR8T  TEXAN  SECTION. 

« 

In  the  western  part  of  theTexaii  region  the  Oretaceousseries  is  capped 
by  the  Laramie,  which  foniiation  there  reaches  it^  most  southeasterly 
known  extension.  Beneath  the  Laramie,  this  section  as  a  whole  is  re- 
garded as  eqaivalentto  the  East  Texan  sectiou,  bat  all  of  the  separate 
formations  of  the  eastern  sectiou  liave  not  yet  been  satisfactorily  rec- 
ognized in  the  western  one.  The  Comanche  series  and  the  Trinity  for- 
mation, however,  have  been  recognized  in  tlie  western  section,  which 
fact  is  shown  in  the  opposite  table.  The  thickness  of  the  Trinity  is  less 
in  this  section  than  in  the  preceding  one. 

In  this  table  also  it  is  shown  that  marine  Bocene  beds  overlie  the 
Laramie,  which  fact  is  recorded  on  page  12G. 

For  discussion  of  these  formations,  see  pages  125-127. 
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THE  NORTH  MEXICAN  SECTION. 

Too  little  is  definitely  known  of  the  Cretaceons  geology  of  the  North 
Mexican  region  to  enable  one  to  construct  a  satisfactory  section  of  those 
formations.  Enough,  however,  is  known  to  indicate  that  all  the  Upper 
Cretaceous  series,  from  the  Dakota  to  the  Laramie  formation  inclusive, 
is  represented  in  that  region  as  shown  in  the  opposite  table.  The  sep- 
arate formations  of  the  series,  as  they  exist  in  the  interior  regions,  have, 
however,  not  yet  been  recognized  in  the  North  Mexican  region. 

The  Comanche  series  here  reaches  its  greatest  known  development, 
but  no  other  Lower  Cretaceous  strata  have  yet  been  recognized  in  that 
region. 

For  discussions  of  these  formations,  see  pages  134-140. 
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NEWBERRY'S  NEW   MEXICAN  SECTION. 

The  opposite  table  represents  the  three  divisions  of  the  Upper  Cre- 
taceous series  which  Prof.  Newberry  recognized  in  New  Mexico.  This 
section  agrees  with  that  which  is  adopted  in  this  memoir  for  general  use 
in  the  Great  Interior  area,  and  with  the  sections  of  White  and  Powell, 
respectively,  as  shown  on  pages  235  and  237,  except  that  it  differs  in 
nomenclature,  and  his  upper  division  seems  to  include  a  portion  of  the 
Laramie  formation.  The  terms  upper,  middle,  and  lower  are  relative 
only  as  applied  to  the  iK>rtions  of  the  series  which  they  represent,  and 
were  not  used  by  Newberry  as  applicable  to  the  whole  Cretaceous  sys- 
tem. For  references  to  the  work  of  Prof.  Newberry  in  New  Mexico  see 
page  155. 

In  his  first  geological  work  in  New  Mexico,  Prof.  J.  J.  Stevenson 
used  substantially  the  same  classification  as  that  of  this  section  of  Dr. 
Newberry's,  but  in  his  later  work  there  he  adopted  the  classification 
which  was  used  by  King  in  his  survey  of  the  fortieth  parallel,  so  far  as 
the  marine  Cretaceous  formations  are  concerned.    See  page  157. 
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COPERS  GEKKRAL  SECTION. 

The  opposite  table  is  constracted  mainly  from  an  article  by  Prof.  E. 
D.  Cope,  entitled  '^  The  Mesozoic  and  Cenozoic  Bealms  of  the  Interior 
of  JN^orth  America,"  in  the  American  Naturalist,  volume  21,  page  445- 
459  inclusive.  Prof.  Cope  does  not  therein  present  a  iormal  section 
but  adopts  the  Upper  Missouri  Kiver  section  of  Meek  &  Hay  den  with 
the  addition  of  subsequently  discovered  or  recognized  formations.  It 
is  introduced  here  mainly  for  the  purposeof  showing  thorclation  to  the 
Laramie  of  the  assemblage  of  strata  to  which  ho  gave  the  name  Puerco 
group,  and  its  taxonomic  position  with  relation  to  the  other  formations. 
See  page  149. 
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THE  EASTERN  COLORADO  SECTIOy. 

This  table,  which  is  essentially  identical  with  the  one  on  page  213  rep- 
resenting the  general  section  of  the  Upper  Cretaoeons  of  the  Great 
Interior  area,  bnt  to  which  is  added  space  representing  the  Arapaho 
and  Denver  deposits,  is  introduced  to  exhibit  tlte  position  of  the  latter 
with  relation  to  the  other  members  of  the  section  which  occnr  in  the 
same  district. 

For  discussion  of  these  deposits,  see  pages  154-160. 
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KING^S  FORTIKTIT   PARALLEL  SECTION. 

Tbe  vertical  range  of  this  section  is  the  same  as  that  of  White,  which 
is  represented  on  page  257,  and  it  is  also  the  same  as  that  of  Meek  and 
Hayden's  Upper  Missouri  Eiver  section,  with  the  addition  of  the  Lara- 
mie formation.  In  nomenclature  and  in  the  delimitation  of  a  part  of 
the  formations,  however,  King's  section  differs  from  the  two  sections 
just  named ,  that  is,  tlie  equivahnits  of  tlie  Fort  Benton,  Niobrara, 
and  Fort  Pierre  groups  of  Meek  and  Hayden  are  united  under  the  name 
of  the  Colorailo  group,  while  the  equivalents  of  the  Dakota  and  Fox 
Hills  groups  of  the  latter  section  are  retained  as  separate  groups  by 
King. 

In  his  later  geological  work  in  New  Mexico  Prof.  J.  J.  Stevenson  fol- 
lowed Mr.  King  with  regard  to  those  features  of  his  classification  of 
the  Cretaceous  formations  which  are  here  shown  to  distinguish  it  from 
that  which  is  adopted  in  this  memoir. 
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POWXLL'S  UINTA  SECTION. 

The  section  represeuted  by  the  opposite  table  was  published  by  Maj. 
J.  W.  Powell  in  his  report  on  the  eastern  portion  of  the  Uinta  Moun- 
tains. Its  vertical  range  is  nearly  the  same  as  that  of  the  sections  of 
King  and  White  respectively,  which  sections  are  represented  by  the 
tables  on  pages  233  and  237.  The  only  difference  as  to  the  vertical  range 
of  Powell's  section,  ascompared  with  the  two  others  just  namea,  consists 
in  the  assignment  of  the  extreme  upper  portion  of  his  Point  of  Bocks 
group,  that  is  of  the  Laramie,  to  the  overlying  Eocene  formation. 
With  that  exception  also,  the  separate  formations  of  Powell's  section 
are  exactly  equivalent  to  those  of  the  general  section  which  is  repre- 
sented on  page  213,  and  to  those  of  White's  section,  which  is  represented 
by  the  next  following  table.  That  is,  PowelFiJ  section,  with  the  slight 
exception  mentioned,  differs  from  tho^se  two  sections  only  in  nomencla- 
ture.   For  discussion  of  Powell's  section  see  pages  155, 156. 
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PowelVa  Dinta  Section. 
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white's  NORTHWKST  COLORADO   SKCTION. 

The  formations  embraced  in  this  section  occnr  in  part  in  the  same 
district  as  that  in  which  Maj.  Powell's  section,  re[)resented  in  the  im- 
mediately preceding  table,  was  constrncted.  It  is  equivalent  to  that 
section  in  all  respects  except  that  the  Laramie  formation  extends  to  a 
somewhat  higher  horizon  than  does  the  Point  of  Eocks  group  as  defined 
by  Powell.  In  this  section,  however,  King's  nomenclature,  which  is 
shown  in  the  table  on  page  233,  is  ado]>ted,  but  the  division  into  forma- 
tions of  that  portion  of  the  series  which  comes  between  the  Dakota  and 
Laramie  formations  is  diHerent  from  that  which  was  nuule  by  King. 
This  portion  of  the  section  is  medially  divided  upon  the  same  horizon 
as  that  which  was  recognized  by  Meek  and  Hayden,  Powell  and  New- 
berry, as  is  shown  in  the  tables  on  pages  211, 235,  and  227. 

For  remarks  on  this  section  see  page  157. 
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THE   NORTH  INTERIOR  GENERAL  SECTION. 

The  opposite  table  represents  all  the  Cretaceous  formations  which 
have  been  recognized  in  the  North  Interior  region,  together  with  their 
position  with  relation  to  one  another.  The  Upper  Cretaceous  series  there 
has  the  same  vertical  range  as  have  the  sections  which  are  represented 
by  the  tables  on  pages  213, 231, 233,  and  237,  but  the  non-marine  Belly 
Kiver  formation,  to  which  the  Dunvegan  beds  are  regarded  as  equiva- 
lent, is  added  to  the  series,  its  taxonomic  i)osi  tion,  as  shown  in  the  table, 
being  between  the  Colorado  and  Montana  formations.  A  non-marine 
Lower  Cretaceous  formation  also  occurs  in  this  region,  namely,  the 
Kootanie.  Its  relative  position  in  the  Lower  Cretaceous  series  is  repre- 
sented in  the  table  in  accordance  with  my  present  views.  It  is  known 
to  be  later  than  at  least  a  part  of  the  Queen  Charlotte  formation,  the 
relative  position  of  which,  as  at  present  understood,  is  shown  in  the 
table  on  page  245.  That  table  also  shows  that  the  latter  formation  is 
not  understood  to  represent  the  earliest  part  of  Lower  Cretaceous  time. 
In  that  table  also,  for  reasons  just  indicated,  the  Kootanie,  as  a  whole, 
is  placed  higher  in  the  scale  than  is  the  base  of  the  Queen  Charlotte 
formation.  For  discussion  of  the  formations  which  constitute  the  North 
Interior  section  see  pages  165-171. 
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The  North  Interior  General  Section. 
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THE   CALIFORNIA  SECTION. 

The  opposite  table  shows  the  author's  present  views  as  to  the  relative 
position  of  the  different  Cretaceous  groups  that  have  been  recogniztMl 
in  California.  The  Chico-T6jou  series  is  thus  shown  to  extend  upward 
from  a  level  that  is  well  down  in  the  Cretaceous  scale  to  one  that  is 
much  above  the  base  of  the  Eocene,  as  has  been  explaineti  on  page  193. 

Too  little  is  yet  linown  concerning  the  character  and  relative  position 
of  the  Wallala  formation  to  confidently  assign  its  place  in  the  scale,  but 
its  probable  place  is  represented  in  the  table.  For  remarks  upon  this 
group,  see  page  192. 

The  lower  portion  of  the  Upper,  and  the  upper  portion  of  the  Lower, 
Cretaceous  are  both  understood  to  be  absent  from  California,  but  the 
Shasta  formation  is  believed  to  occupy  a  place  near  the  base  of  the 
Lower  Cretaceous  scale,  and  to  be  equivalent  to  the  Queen  Charlotte 
formation,  as  is  shown  by  the  table  on  page  245.  For  remarks  upou  this 
subject,  see  pages  184, 188. 
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THK  NANAIMO  SECTION. 


The  opposite  table  is  presented  only  for  the  purpose  of  representing 
the  position  in  the  scale  that  the  Kanaimo  formation,  as  defined  by  Dr. 
G.  M.  Dawson,  and  which  occurs  on  Vancouver  Island,  as  well  as  upon 
several  smaller  islands  in  the  adjacent  waters  of  the  Gulf  of  Georgia, 
is  understood  to  occupy.  As  is  shown  by  the  table,  and  as  stated  on 
preceding  pages,  those  strata  are  regarded  as  equivalent  to  the  lower 
or  Chico  portion  of  the  Chico-T^jon  series  of  California,  which  is  rep- 
resented in  the  immiediately  preceding  table.  For  remarks  concerning 
the  name  and  characteristics  of  this  formation  see  page  194. 
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The  Nanaimo  Section, 
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*  DAWSON'S  QUEEN  CHARLOTTE  ISLANDS  SECTION. 

Althoagh  this  is  one  of  the  most  important  Cretaceons  sections  of  the 
Pacific  border  region  the  opposite  table  shows  definitely  little  more 
than  that  the  divisions  C,  D,  and  E  of  Dr.  G.  M.  Dawson  are  regarded 
as  equivalent  to  the  Lower  Cretaceons  Shasta  formation  of  California, 
as  is  shown  by  the  table  on  page  241,  and  that  divisions  A  and  B  prob- 
ably belong  to  the  base  of  the  Upper  Cretaceous. 

For  references  to  the  Qaeen  Charlotte  Islands  section,  see  pages  183, 
187, 188,  and  189. 
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The  foregoing  18  gradnated  tables  representing  the  principal  pub- 
lished Cretaceous  sections  of  North  America  arc  intended  to  exhibit  the 
relation  to  one  another  of  the  formations  which  they  respectively  em- 
brace, their  taxonomic  position  with  reference  to  a  recognizable  general 
scale,  and  the  identity  with  one  another  of  certain  of  those  formations 
to  which  different  names  have  been  applied  by  different  anthors. 

The  folded  plate  opposite  (PI.  ii),  entitled  "  Sammary  of  the  pablished 
Oretaceons  sections  for  each  region,"  is  intended  to  represent  at  a  single 
glance  a  part  of  the  conclusions  that  have  been  expressed  in  the  fore- 
going tables  and  to  form  a  visible  basis  for  a  few  general  remarks  concern- 
ing them.  The  scale  upon  which  it  is  constructed  is  the  same  as  that  of 
the  preceding  tables.  It  is  divided  into  seven  columns,  each  respec- 
tively bearing  the  name  and  representing  the  full  Cretaceous  section  of 
one  of  the  seven  regions  which  have  been  defined  and  discussed  upon 
preceding  pages.  The  upper  and  lower  dotted  lines  across  the  table 
respectively  represent,  theoretically,  the  earlier  and  later  limits  of  Cre- 
taceous time. 

The  Cretaceous  section  of  each  region,  omitting  all  its  subdivisions, 
is  represented  in  its  appropriate  column  by  line-siiading.  The  blank 
spaces  Indicate  the  assumed  absence  of  any  strata  which  would  repre- 
sent those  portions  of  the  scale  if  the  section  were  complete,  and  the 
extension  of  the  shading  be^'oud  the  dotted  lines  indicates  that  in  those 
cases  certain  Cretaceous  characteristics  have  been  recognized,  or  re- 
ported to  exist,  beyond  the  theoretical  time-limit  of  the  system. 

Thus  the  deposits  which  occur  at  the  base  of  the  full  Cretaceous  series 
in  the  Atlantic  Border,  Gulf  Border,  and  Texan  regions  are  represented 
by  the  shading  in  the  table  as  extending  below  the  dotted  line  into  the 
space  assigned  to  the  Jurassic,  because  certain  of  the  vertebrate  and 
plant  remains  which  those  strata  contain  are  reported  to  possess  Juras- 
sic characteristics. 

Again,  the  shading  in  the  columns  which  respectively  represent  the 
Texan,  North  Mexican,  and  North  Interior  regions  extends  above  the 
upper  dotted  line  into  the  space  assigned  to  the  Eocene.  This  is  in  ac- 
cordance with  the  view  that  has  been  expressed  on*preceding  pages 
that  the  Laramie  formation  which  prevails  in  those  regions  is  properly 
referable  in  part  to  the  Eocene  and  in  part  to  the  Cretaceous. 

The  shading  in  the  columns  which  represent  the  South  Interior  and 
the  Pacific  Border  regions,  respectively,  extends  still  farther  into  the 
space  assigned  to  the  Eocene  than  it  does  in  the  former  cases.  In  the 
case  of  the  South  Interior  region  the  additional  extension  represents 
the  Puerco  beds  which  rest  upon  the  Laramie,  both  of  which  Prof.  Cojw 
has  referred  to  the  Cretaceous.  The  extension  of  the  shading  in  the 
column  representing  the  section  of  the  Pacific  Border  region  far  up  into 
the  space  assigned  to  tlie  Eocene,  is  in  accordance  with  the  evidence 
that  has  been  given  and  referred  toon  the  preceding  pages  that  the 
ChicoT^jon  epoch  extended  from  Cretaceous  far  into  Eocene  time. 
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This  plate  conspicaoasly  illustrates  the  fact  that  mach  the  greater 
part  of  the  Cretaceous  deposits  of  North  America  are  referable  to  the 
Upper  Cretaceous  according  to  the  classiticatiou  adopted  in  this  mem- 
oir and  it  also  shows  conspicuously  that  the  base  of  the  Upper  Cre- 
taceous in  each  of  the  seven  sections  is  referred  to  one  and  the  same 
horizon.  Because  the  delimitation  of  formations  and  series  of  forma- 
tions must  from  the  nature  of  the  case  be  more  or  less  indefinite,  the 
last-named  feature  of  this  table  will  doubtless  strike  the  observer  as 
unnatural.  It  should  be  explained,  however,  that  the  opinion  indicated 
by  this  tabular  arrangement  of  the  formations  is  the  result  of  a  some- 
what definitely  ascertained  equivalency  of  the  basal  member  of  the 
Upper  Cretaceous  section  of  each  region  with  that  of  all  the  others. 

For  example  the  basal  formation  in  both  the  North  and  South  Inte- 
rior regions  is  the  Dakota  formation,  the  identity  of  which  in  both 
regions  can  not  be  questioned.  Evidence  has  been  presented  on  preced- 
ing pages  that  the  basal  member  of  the  Texan  Upper  Cretaceous  is  equiv- 
alent to  the  Dakota  formation,  and  there  are  also  paleontological  indi- 
cations that  the  base  of  the  North  Mexican  Upper  Cretaceous  belongs 
to  the  same  horizon.  The  identity  of  certain  i)lant  remains  which  jire 
found  in  the  Raritan  and  Amboy  clays  of  the  Atlantic  Border  region 
with  Dakota  species,  together  with  the  position  of  those  clays  with  ref- 
erence to  overlying  formations,  is  thought  to  bo  acceptable  proof  of  at 
least  the  approximate  equivalency  of  the  former  to  the  Dakota  forma- 
tion. The  evidence  that  has  been  given  on  preceding  pages  of  the  equiv- 
alency of  the  Gulf  Border  section  to  those  of  New  Jersey  and  Eastern 
Texas,  respectively,  seems  to  make  it  reasonable  to  refer  the  basal  por- 
tion of  the  Gulf  Border  Upper  Cretaceous  also  to  the  horizon  of  the 
Dakota  formation. 

These  facts  seem  to  warrant  the  selection  of  a  common  horizon  for 
the  base  of  the  Upper  Cretaceous  in  each  of  the  six  regions  designated, 
but  it  can  not  be  denied  that  the  reference  of  the  upper  part  of  Daw- 
son's Queen  Charlotte  Islands  section  to  the  same  horizon  has  been  made 
on  comparatively  slight  evidence. 

The  horizon  of  the  Dakota  formation  has  been  chosen  as  the  base  of 
the  North  American  Upper  Cretaceous  because  its  marine  representa- 
tive has  been  found  to  bliMul  both  paleontologically  and  stratigraph- 
ically  with  overlying  formations  the  Upi)er  Cretaceous  ago  of  which 
need  not  be  questioned,  and  because  no  older  formation,  which  is  not 
plainly  referable  to  a  much  lower  horizon,  has  yet  been  recognized. 
All  the  formations  above  and  including  the  Dakota  are  referred  to 
the  Upper  Cretaceous  because  the  character  of  their  resi)ective  fossil 
faunas  approximately  indicates  that  age  and  because  their  paleonto- 
logical and  stratigraphical  roljition  to  one  another  is  too  intimate  to 
admit  of  their  natural  separation.  That  is,  all  the  time  from  the  be- 
ginning to  the  end  of  tlie  Upper  Cretaceous  seems  to  be  represented  in 
North  America  by  a  series  of  formations  that  was  not  in  any  case 
everywhere  completely  broken. 


248  THE   CRETACEOUS.  [buu*«2. 


HORIZONS  OP  TH£  NORTH  AMERICAN  CRETACEOUS. 

The  term  horizon,  aside  from  its  ordiuary  signiticatioii,  has  been 
variously  used  by  geologists  aud  paleontologists  iu  its  application  to 
their  respective  branches  of  investigation.  Sometimes  this  term  or 
others  which  convey  the  same  idea  have  been  used  in  a  purely  biolog- 
ical aud  sometimes  in  a  purely  stratigraphic<al  sense.  That  is,  some 
paleontologists,  confining  their  studies  to  a  biological  basis  and  pros- 
ecuting them  with  reference  to  an  erroneously  assumed  uniform  rate 
of  the  past  secular  evolution  of  all  organic  forma,  recognize  the  vertical 
or  time  range  of  a  given  class  of  faunal  or  floral  types  of  fossil  remains 
as  constituting  a  sufficiently  well  defined  horizon,  and  confine  their 
work  to  that  class  of  remains  alone,  disregarding  the  time  range  of  all 
other  associated  types  and  paying  little  or  no  regard  to  the  structural 
geology  of  the  region  in  which  their  discoveries  are  ma<le.  Again,  it 
has  been  the  habit  of  some  field  geologists  to  recognize  horizons  only, 
from  a  physical  point  of  view,  and  to  prosecute  their  studies  in  struc- 
tural geology  with  little  or  no  reference  to  paleontology. 

While  a  knowleijge  of  certain  important  facts  may  be  obtained  by 
each  of  these  exclusive  methods  they  are  quite  insuflicient  for  the  ac- 
quirement of  thefuUest  obtainable  biological  results  on  the  one  hand 
or  for  acquiring  those  of  general  structural  geology  on  the  other. 
Therefore,  the  recognition  of  geological  horizons  for  the  purposes  of 
general  investigation  can  be  rationally  made  only  after  due  considera- 
tion of  all  obtainable  facts  relating  to  them.  A  rational  recognition  of 
geological  horizons  as  an  indispensable  aid  to  the  comprehensive  study 
of  structural  geology,  while  always  implying  their  material  existence 
in  definable  series  of  strata,  is  in  all  cases  based,  either  directly  or  indi- 
rectly, ui)on  paleontological  data.  These  data,  however,  are  of  unequal 
value,  and  for  obvious  reasons  preference  in  such  cases  should  always 
be  given  to  such  of  them  as  relate  to  the  remains  of.  denizens  of  the 
waters  in  which  were  deposited  the  strata  wherein  they  are  found. 

The  North  American  Cretaceous  horizons  which  are  thus  recogniza- 
ble diff*er  considerably  from  one  another  in  their  character  and  scope, 
some  embracing  no  more  than  a  single  well  defined  formation  and  some 
embracing  a  series  of  more  or  less  distinctly  recognizable  formations 
which,  to  some  degree  and  in  some  places,  blend  with  one  another  both 
paleontologically  and  stratigraphically.  The  former  may  be  desig- 
nated as  simple  and  the  latter  as  complex  horizons.  The  strata  which 
physically  constitute  the  former  are,  of  course,  regarded  as  having 
been  deposited  in  a  body  of  water  which  was  geographically  unbroken 
and  not  materially  changed  from  the  beginning  to  the  end  of  tlie  deposi- 
tion of  the  strata  which  now  represent  it.  The  sedimentation  by  which 
the  formations  constituting  the  latter  class  of  horizons  was  produced  is 
regarded  as  not  having  been  everywhere  wholly  broken  or  interrupted, 
although  it  was  at  times  so  largely  arrested  or  modified  as  to  mark  off 
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the  great  series  of  strata  into  more  or  less  readily  distinguishable 
formations.  Such  arrests  or  modifications  of  the  sedimeutation  were 
accompanied  by  material  changes  of  the  fauna  which  lived  in  the  waters 
in  which  the  sedimentation  took  place,  but  they  were  not  sufficient 
to  produce  at  any  time  and  in  all  places  a  complete  break  in  the  nat- 
ural genetic  succession  of  the  denizens  of  those  waters.  The  forma- 
tions constituting  the  Cretaceous  horizons  which  are  discussed  in  fol- 
lowing paragraphs  having  been  produced  under  diverse  conditions, 
further  definition  of  the  term  as  here  employed  will  necessarily  be  ex- 
pressed or  implied  in  the  following  description  of  cach.^ 

The  paleontological  and  physical  characteristics  of  each  horizon  nat- 
urally convey  much  information  as  to  the  physical  conditions  which 
prevailed  during  the  time  when  and  within  the  area  where  the  deposits 
which  constitute  them  were  accumulated.  It  is  by  this  means  that  the 
respective  formations  which  have  been  discussed  on  preceding  pages 
are  known  to  have  originated  under  a  wide  diversity  of  conditions,  and 
these  facts  necessarily  have  an  important  bearing  upon  their  paleonto- 
logical investigation.  The  value  of  such  facts  will  be  enhanced  and 
their  character  emphasized  by  the  recognition  and  study  of  thehorizons 
which  those  formations  are  found  to  constitute.  Furthermore,  because 
the  vertical  and  geographical  limitsof  such  horizons  are  coincident  with 
our  attainable  knowledge  of  both  the  geographical  and  time  limits  of 
faunas  and  floras^  the  advantages  to  be  derived  from  their  recognition 
and  study  are  very  important  from  a  biological  as  well  as  a  geolog- 
ical standpoint. 

By  most  paleontologists  the  Cretaceous  fossils  of  North  America, 
especially  those  of  aqueous  origin,  heretofore  have  been  studied  only 
or  mainly  with  reference  to  tlie  formations  which  were  recognizable 
within  the  respective  districts  where  their  collections  were  made,  and 
not  with  reference  to  extended  horizons  throughout  which  a  greater  or 
less  proportion  of  such  species  are  now  known  to  have  ranged  with 
only  local  variations.  Furthermore,  those  authors  often  failed  to  recog- 
nize the  fact  that  certain  species  range  vertically  from  one  formation 
to  another.  One  result  of  such  a  treatment  of  the  subject  has  been  a 
great  duplication  of  specific  names  and  a  burdensome  synonymy  in 
our  paleontological  literature  that  might  in  large  part  have  been 
avoided  by  a  proper  recognition  of  great  horizons  as  representing  both 
the  time  and  geographical  range  of  specific  forms. 

I  am  well  aware  that  objection  may  be  raised  to  this  manner  of  treat- 
ing the  subject,  especially  to  the  great  difference  in  the  relative  scope 
of  the  horizons  that  have  been  indicated  and  are  to  be  briefly  discussed 
on  following  page?,  but  I  am  confident  that  in  future  paleontological 
work  upon  the  North  American  Oetaceous  the  recognition  of  such  hori- 


'It  is  obvious  tliattho  tonii  hnrlxoit  in  herein  fiiiipioyecl  iu  au  unusually  oxtondoil  Hensn,  but  even  in 
the  abaeaco  of  a  better  ouo  it  is  believed  that  the  idea  iuteoded  lu  be  cooveyed  will  readtly  bo  under* 
stood. 
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zona  will  bo  indiflpensablo.  Sncli  recognition  will  enable  the  paleon- 
tologist to  correct  many  of  the  errors  that  have  been  committed  eitUer 
by  himself  or  others  and  will  largely  tend  to  the  establishment  of  both 
tbe  geology  and  paleontology  of  those  formations  upon  a  more  philo- 
sophical basis  than  heretofore  has  been  recognized. 

Eight  horizons  and  two  subhorizons  have,  with  sufficient  distinct- 
ness for  separate  discussion,  been  recognized  among  the  North  Ameri- 
can Cretaceous  formations,  each  of  which  is  more  or  less  clearly  distin- 
guishable over  a  large  area,  and  the  following  names  have  been  selected 
to  indicate  them. 

(  Laramio  horizon. 

Upper  Cretaceous.  \  ^'^IS:':!  h.tTor  horizon.  )  Montana  Bubhorizo... 

(.Dakota  horizon.  <  Colorado  eubhorizon. 

r  Shasta  horizon. 

Lower  PrfttftP«>nn«  J  Kootaaie  horizon. 
L,owerUretaceon8.<  comancho  horizon. 

( Potomac  horizon. 

The  areas  occupied  by  some  of  these  horizons  embrace  portions  of 
several  of  the  regions  which  have  been  defined  and  named  in  this  mem- 
oir and  some  are  confined  to  a  single  region.  Some  of  them  plainly  suc- 
ceeded one  another  in  time,  but  the  order  of  succession  of  others  is  not 
accurately  known.  Some  were  probably  either  wholly  or  in  part  con- 
temporaneous with  one  or  more  others,  but  in  accordance  with  the  fore- 
going definition  they  are  treate<l  separately  beciiuse  of  their  geograph- 
ical restriction  and  of  their  paleontological  dissimilarity  to  any  others. 

The  formations  which  physically  constitute  these  horizons  have  been 
produced  under  two  classes  of  conditions,  a  part  of  them  having  been 
marine  and  a  part  non-marine  or  continental.  Those  of  the  former  class 
are  naturally  more  uniform  than  most  of  the  others  and,  as  a  rule,  they 
had  greater  geographical  extent.  They  therefore  generally  constitute 
the  best  and  most  distinctive  horizons,  although  some  of  the  lacustrine 
formations  are  quite  as  distinctive  as  are  those  of  marine  origin  {vnd  a  part 
of  them  have  as  great  geographical  extent  as  have  many  marine  forma- 
tions. The  non-marine  formations  have  various  and  in  some  ca«es  quite 
diverse  characteristics,  and  they  also  originated  under  various  and  di- 
verse conditions.  That  is,  some  of  the  formations  of  this  class  were 
accumulated  under  littoral,  some  under  estuarine,  and  some  under 
lacustrine  conditions.  Some  of  the  latter,  as  is  shown  by  their  melius- 
can  fossils,  were  accumulated  in  fresh  waters  and  others  in  waters  that 
were  in  part  fresli  and  in  i>art  brackish. 

The  estuarine  deposits  have  naturally  been  too  limited  in  geograph- 
ical extent  to  be  profitably  discussed  ns  horizons,  as  that  term  has  been 
defined  for  present  use,  and  this  is  also  true  to  some  extent  with  the 
littoral  dejmsits.  Most  of  the  lacustrine  deposits  that  have  been 
described  on  preceding  ])ages  as  pertaining  to  the  North  American  Cre- 
taceous, however,  are  remarkable  not  only  for  their  great  geographical 
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extent  bat  for  their  general  lithological  resemblance  to  marine  forma- 
tions, and  the  horizons  which  they  represent  are  among  the  most  im- 
portant of  those  which  are  to  be  discussed  on  this  occasion. 

THE  POTOMAC  HORIZON. 

Those  deposits  which  occar  in  the  Atlantic  and  Galf  Border  regions 
"respectively,  and  which,  in  the  discussion  of  those  regions,  have  been 
assigned  to  the  non-marine  division  of  the  Cretaceous  series  as  it  is 
developed  there,  may  be  designated  as  constituting  the  Potomac  hori- 
zon ;  to  which  may  be  provisionally  added  the  Trinity  formation  of  the 
Texan  region,  but  from  which  the  Baritan  and  Amboy  Clays  of  New 
Jersey  and  their  equivalents  evidently  must  be  excluded.  So  far  as 
this  horizon  can  now  be  definitely  characterized  it  consists  of  the  Poto- 
mac formation  of  the  Atlantic  Border  region  and  the  Tuscaloosa  forma- 
tion of  the  (rulf  Border  region,  together  with  their  known  equivalents. 

Excluding  the  Karitan  and  Amboy  Clays  of  New  Jersey  and  their 
equivalents  on  Staten,  Long,  and  Martha's  ^Vineyard  Islands  and  else- 
where, as  being  of  later  date,  and  the  Trinity  formation  of  the  Texan 
region  as  being  of  doubtful  equivalency,  the  Potomac  horizon  may  be 
traced  from  central  New  Jersey  through  the  Atlantic  and  Gulf  States 
to  northern  Mississippi,  a  distance  of  fully  1,000  miles.^  It  is  true  that 
the  deposits  which  physically  constitute  it  are  not  now  continuously 
visible  along  the  whole  distance  mentioned,  but  there  is  apparently  no 
reason  to  doubt  that  they  were  originally  continuous  through  the  whole 
of  that  distance,  and  they  perhaps  extended  much  beyond  the  limits 
just  indicated. 

Although  this  horizon  is  traceable  for  so  great  a  distance,  its  known 
geographical  extent  is  approximately  linear,  because  its  visible  width 
is  everywhere  very  small.  There  can  be  no  doubt  that  its  original 
widjth  waB  somewhat  greater  than  is  now  discernible,  but  the  deposits 
which  constitute  it  having  been  of  littoral  and  estuarine  origin,  their 
width  must  necessarily  always  have  been  small,  as  compared  with  that 
of  marine  and  the  larger  lacustrine  deposits. 

The  lithological  characteristics  of  the  deposits  which  i^hysically  con- 
stitute the  Potomac  horizon  have  been  discussed  on  preceding  pages, 
but,  as  has  already  been  intimated,  its  known  paleontological  charac- 
teristics are  few.  Because  so  few  paleontological  data  which  might  be 
used  to  characterize  the  Potomac  horizon  are  available  we  rely  upon  the 
general  evidence  of  homogeuy  which  it  presents  throughout  its  entire 
extent,  and  upon  its  great  physical  dissimilarity  from  the  deposits 
which  respectively  are  known  to  underlie  and  overlie  it.  The  few 
paleontological  characteristics  which  the  Potomac  horizon  presents  have 
not  given  an  entirely  satisfactory  indication  of  its  geological  age.    For 


I  Deposits  beloiij^ing  to  this  horizon  doobtleas  extend  northward  through  Tennessee,  and  probably 
through  Kentucky  also. 
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reasons  already  stated,  however,  it  is  in  this  memoir  provisionally 
assigned  to  the  base  of  the  Cretaceous  system. 

The  deposits  which  constitute  the  Potomac  horizon  being  of  non- 
marine  origin,  and  those  which  constitute  the  next  overlying  horizon 
being  of  true  marine  origin,  the  discovery  of  any  direct  paleontological 
relationship  could  not  reasonably  be  expected.  Besides  this,  the  next 
overlying  horizon  being  of  Upper  Cretaceous  age,  there  is  under- 
stood to  be  a  wide  tiuie  hiatus  between  them,  and  there  is  also  a  wide 
time-hiatus  between  the  Potomac  horizon  and  the  underlying  deposits, 
the  latest  of  which  are  regarded  as  of  Triassic  age.  Therefore  this 
horizon  is  well  defined  from  both  the  underlying  and  overlying  horizons. 
Furthermore,  there  appear  to  be  no  deposits  among  the  other  North 
American  Cretaceous  formations  that  are  closely  similar  to  the  Poto- 
mac) and  its  known  equivalents,  and  none  which  have  afforded  any  evi- 
dence of  contemporaneity  with  the  latter,  with  the  possible  exception 
of  the  Kootanie. 

In  view  of  the  statements  that  have  been  made  on  page  186  concern- 
ing the  identification  of  several  species  of  fossil  plants  in  the  Kootanie 
strataof  Alberta  and  Montana,  and  in  the  Potomac  strata  of  the  At- 
lantic Border  region,  the  question  may  be  raised  whether  the  Potomac 
horizon,  as  it  is  recognized  in  this  memoir,  ought  not  to  include  the  Koo- 
tanie formation,  and  whether  that  si^ecific  identification  of  plants  does 
not  prove  the  con  tern  jioraneity  of  the  Potomac  and  Kootanie  forma- 
tions. Neither  of  these  questions,  however,  is  regarded  as  settled  by 
this  discovery  for  the  following,  among  other,  reasons:  The  horizons 
which  are  recognized  in  this  memoir  are  only  those  which  have,  besides 
their  biological  characteristics  a  material  existence  in  strata  that  were 
deposited  in  one  continuous,  or  nowhere  wholly  broken^  body  of  water. 
Such  a  definition  will  not  apply  to  the  case  in  hand,  because  it  is  evi- 
dent that  although  the  Kootanie  may  be  shown  to  contain  remains  of 
plants  which  are  specifically  identical  with  some  found  in  the  Potomac 
formation,  it  is  certain  that  the  waters  in  which  the  two  formations 
were  deposited  were  geographically  widely  separated.  Again  the  spe- 
cific identification  of  fossil  plants  can  not  in  all  cases  be  accepted  as 
proof  of  the  coutem[Joraneity  of  origin  of  the  respective  formations  con- 
taining them.  For  example,  it  is  claimed  that  five  of  the  species 
which  constitute  the  flora  of  the  Dakota  formation  have  been  iden- 
tified as  members  of  the  flora  which  characterizes  the  Laramie.  Sev- 
eral species  of  the  latter  flora  have  been  published  as  identical  with 
Belly  River  forms,  several  have  been  recognized  in  the  overlying 
Green  Kiver  Tertiary,  and  three  species  from  the  Upper  Laramie 
have  been  identified  with  living  species.*  And  yet,  no  one  woold 
think  of  suggesting  that  the  J)akota,  Belly  River,  Laramie,  and  Green 
River  formations  ought  to  be   referred  to  one  and^he  same  hori- 


>  See  Wanl,  lister  F.,  Synopsis  of  t  Ut>  Flora  of  the  Laramie  Groap.    Sixth  Annual  Beport  U.  S.  GeoL 
8nrv.,  pp.  405-557,  plates  31-65. 
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zon,  even  upon  purely  paleontological  ground,  and  a  saggestiou  that 
those  formations  were  contemporaneous  in  their  origin  would  be  too 
absurd  for  consideration. 

In  future  studies  of  the  characteristics  of  the  Potomac  horizon  little 
aid  can  be  expected  from  invertebrate  fossils  because  of  the  paucity  of 
such  remains  in  the  deposits  which  physically  constitute  it,  and  because 
of  the  comparatively  slight  vs^lue  of  non-marine  invertebrates  as  indi- 
cators of  the  geological  age  of  the  strata  containing  them.  Therefore  a 
knowledge  of  the  paleontological  characterization  of  the  deposits  which 
physically  constitute  the  Potomac  horizon,  and  of  the  upper  and  lower 
delimitation  of  the  same  must  be  sought  for  mainly  by  means  of  verte- 
brate and  plant  remains,  which  in  all  cases  ought  to  be  speci^ly 
studied  in  connection  with  strati  graphical  details. 

THE  COMANCHE   HORIZON. 

While  I  have  in  this  memoir  assigned  the  Potomac  horizon  to  the 
base  of  the  Cretaceous  system,  I  have  at  the  same  time  admitted  the  in- 
completeness of  the  evidence  upon  that  point,  and  I  do  not  hesitate  to 
admit  my  inability  to  indicate  more  than  approximately  the  taxouomic 
position  of  the  Comanche  horizon,  with  relation  to  any  of  the  other 
North  American  Lower  Cretaceous  horizons  in  the  scale  which  is  used 
in  the  preceding  tables.  For  example,  we  do  not  yet  know  whether 
the  strata  which  constitue  the  Comanche  horizon  were  deposited  before, 
after,  or  contemporaneously  with  any  given  one  of  the  Qther  Lower 
Cretaceous  formations  which  have  been  defined  on  preceding  pages; 
and  therefore  the  relative  place  which  is  assigned  to  each  of  these  forma- 
tions in  the  tables  referred  to  must  be  understood  to  represent  only  my 
present  judgment  in  this  case. 

So  far  as  is  now  certainly  known,  the  Comanche  horizon  is  repre- 
sented only  in  the  Texan  and  North  Mexican  regions,  and  only  by  the 
strata  which,  in  connection  with  the  discussion  of  t)ie  geology  of  those 
regions,  have  been  described  under  the  head  of  the  Comanche  series. 
The  area  within  which  strata  of  this  horizon  are  now  known  to  occur 
is  about  800  miles  across  from  east  to  west,  and  about  500  miles  from 
north  to  south.  It  can  not  be  doubted,  however,  that  they  extend  far 
southward  into  the  central  and  southern  portions  of  the  Mexican 
Eepublic,  and  it  is  even  probable  that  they  reach  their  greatest  develop- 
ment there.*  No  sufficient  evidence  has  yet  been  obtained  that  strata 
referable  to  this  horizon  were  ever  deposited  to  the  north  or  east  of 
the  Texan  region,  if  we  except  some  inconspicuous  outliers  that  have 
been  reported  tp  exist  in  southern  Kansas. 

The  Comanche  is  a  purely  marine  horizon,  and  for  that  reason  it  can 
not  be  compared  paleontologically  with  two  of  the  other  Lower  Creta- 
ceous horizons,  namely,  the  Potomac  and  Kootanie,  which  are  of  non- 
marineforigin.    The  Shasta  horizon,  like  the  Comanche,  is  physically 

>  See  reioArks  on  p.  202  relatiTe  to  ]»te  obeerrations  of  Piof.  H,<^^Vau 
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^su'M  4rai-_ir,  itic  ^  fiii:^j*^  fn^-nHa-  iiu^n^  ^-e"  i^tra-  r^nHTiiiaed  as  cobhuoq 
*>!.  >.r.i.  Tii^  Hfi'^i^Htaa.  ZMiiiih  jit>  ^  'vintftt^  ic  xit^  CKmsaBcke  iKmzoD 
*;'}#^.":«^  vt  r*a:r^  ~j:r>*T.x'i  1J»*  *«injr^  'u.iii£:]iistj»  ic  last  ivsies  of  strata 
vi^r.a  'Wiitfiinx'-*  rL  unc  ▼rri  k  it'v  Lii»i.iciiL  <faci»^f:«;^'ax«  cvBsistui^  of 
'*.*<^-*5it  jtCTiif.  ii :»!•*:  ic  _"+  ««*r;i*^  iiiif  ~i«!i«l  i{fcxt£  n  ^Ciintr  Ibrmatioiis. 
7*ie-  *'.»taiiiai'Uf*:-  MttT'^iir^  >  jiti.*^jfirj-.«if*i:ir^y  4iiftf--vC  ii»t-  i^cct  distinctly 
:i*'tj>^.:  ii.r-ii-.Qif  "jikC  zirt  r-^«:u.^r'^tc  i»  Li.-rr  -:^  «iii*;aji  jm-  <-s  this  eooti- 
i**?!'^  -':  t*-  J  Citn  Tj'.:ifc^  IX  A._  yt^z^t^'S^  v-rj.  in**-  OiauoKafet^  sterk:^^  of  strata, 
ii»i  rjk  z*i:  *^9^  6*#i  "Li:a  i*  » ir:^  iii>  ii«^,4ij  jis-  r>  1 1 hK <f-«;i<«gKaL 

r' J*  ^v*  TA*^  j-o^iH^a.!  •niif  a»  ?*  '  'i^aT  r»aia.ji*-  xat-*^  StMs  %L2seoTef«d  in  any 
trrh-Tik  •;  "if  ti*^  ^y^mxatthtt  i* .  trir.:  o-  ia»i  >e^.  i:  ^a  y.  T^rsrtaafte  neBains,  even 
*,«:'  i.*oj*?^  iikT^  7  -Tu  :*r»ra.  it^^:*:-^  Li  ^'iir:^Iic*wt  Tv^nz^-xx.  ccker  than  thoee 
<<  ii'Xiz^^^hs^  :^*4>  oifZLztkr^iiTi^Iy  rs;^:  aa»i  n  i«^  evident  that  the 
x.t^Af^'AryAr'Zt^'^  ^Si:.sz7ftrdtsr:s^'ZiiiL  <<  'sl**:  ±*ic:sK*A  3l^l«::  ikjahIt  be  aoeom- 

TV:  K/^-JLkTLjt  i-.-rLifi.  i^  7>^>r>t:s*«.7«**i  ^»2-Iy  >y  ii«-  »3iata  of  the  Koo- 
Lat.  •«e  ^^raLJfc-'^.'i-  '*__.:!  z.» -w  Art  v'l  7  ti-:ira  :•:  «*rar  in  the  North  In- 
X^r^-^  x»rz>-ii*  '¥j_-^T*-  i^-r*r  ;?^<-T-.I-r-:L<Tt  ij-aj  *ii-ry  v<i^i:iAl]y  ocropied  an 
4ti^^  i:^:;r  L-L.*-rvr»i  '*». -.-•ry  el  It>  1:3  ^-xi^fii.  T2«t?*r  s^nkta  are  of  nou- 
»**r::jfr  •x'^'  •!i- Ai-i  :':-*: .r  ':  >i  1  i^  ^::s,  «>r  j-^iNNi^t'  iK*rix«>nta'.Iy  into, 
'ii*9^.  *A  iL^AS'.ijr  •rr.^'.n.  afcsi  iIt:  l  -is  n  Ar.irr  sCTjiZdi  h.5  ih**  Lhikoia  horizon 
af*r  a:*irr<»>.*i  !•.•  ♦>.»  ;:i  :.-cir  >  ciii-rr^  «rsifr:-T<-3L  h-.^  n^»%  yet  beendeui- 
#^r:i-triU:»L  ^ih-^^^  it  5*^:2^*  ;•-•  («c  ;c«r  ii;>rv^  >a  <.-£  liie  Canadian  ge- 
iA'r^ijiVi  ti*5it  tlrtrv  tL:i>  luTijd  ^zzh  «r»: -;v^tr2i>  ^*:  i^ur*ra  Charlotte stiata. 
I;  Up  ho^erer.  ii*>\  aiiliidy  iha;:  *cch  a  ir.rii»x:;^  bk-ndiug  did  occur 
*<«»*: wL»:r»r.  but  i*JT  wALii  mI  iLorvT  tL».«»it>i^f  u|-»a  liia;  |ioiut  it  is  now 
ut^^ei-Mary  to  irv^i  tLe  K(xc^ai^  ^ira:a  *s  K*niiii!^  a   gv^^raphically 

ThK  api^^r  aii«i  lover  dehiuita;:on  of  ;he  KcNMauie  horizon,  both  phys* 
¥rA\y  and  bioI<>>dcaIly,  i^  in  iis  t\~i»ir.iAi  district  the  same  as  that  of  the 
Kootauie  frinoaiiuit,  which  h<is  l*ev^n  d^-tiiHrd  ou  prvctrding  images.  So 
(at  ax  I  am  avanr,  no  ^tra:a  of  later  ;i^  tiian  the  Carbon iferons  have 
y<^t  been  report <:d  as  oDderiying  it  exeeiit  in  the  case  vhichis  recorded 
on  fia^e  1^^%  where  the  imiuetliately  nnderl\iiig  strata  are  found  to  bear 
certain  characteri.^tic  f<>s^>iU  of  the  Shasta  horizon,  the  lower  delimita- 
tion of  the  K^jotaiiie  in  Montana  not  having  yet  been  dearly  defined. 
No  strata  of  earlier  a^e  than  those  of  the  Dakota  horizon  have  yet  been 
found  to  overlie  thoae  of  the  Kootanie,  and  these  are  lepbrted  to  lie  con* 
formably  with  them  in  Alberta.  Still,  the  paleontological  character- 
i>sticif  of  each  of  the^e  horizons  is  soch  that  it  is  necessary  to  assame 
thrit  there  is  an  imiK>rtant  time-hiatns  between  theni^ 

Very  f«^w  invertebrate  fojysils  have  yet  been  found  in  strata  of  the 
KootsiDie  homoni  and  if  more  were  found  they  would  probably  be  of 
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little  valne  in  its  characterization,  because  the  differentiation  incident 
to  the  secular  evolution  of  non-marine  invertebrates  has  been  so 
slight  as  compared  with  that  of  marine  invertebrates.  No  vertebrate 
fossils  have  yet  been  reported  from  Kootanie  strata,  the  most  impor- 
tant fossils  yet  discovered  being  those  of  plants,  upon  the  character  of 
which,  together  with  their  contrast  with  those  of  the  overlying  Dakota 
horizon,  they  have  been  referred  to  the  Lower  Cretaceous.  It  ought 
to  be  remarked  in  this  connection  that  the  identity  of  the  Alberta  and 
Montana  Kootanie  deposits  having  been  assumed  only  upon  the  evi- 
dence aftbrded  by  the  specific  identity  of  fossil  plants,  they  may  have 
been  simultaneously  formed  in  separate  bodies  of  water.  This  being 
true  would  not  necessarily  disprove  their  identical  taxonomic  position, 
but  it  would  make  the  Kootanie,  as  now  understood,  a  paleontologicaliy 
and  not  a  physically,  continuous  horizon. 

There  is  no  apparent  reason  why  an  important  vertebrate  fauna  may 
not  yet  be  discovered  in  the  strata  of  this  horizon,  but  at  present  we 
must  rely  almost  alone  upon  its  flora  for  its  i)aleontological  character- 
ization. 

The  importance  of  this  horizon  is  not  confined  to  its  Uixonomic  rela- 
tion to  the  other  horizons  herein  discussed,  nor  to  its  paleontologoical  re- 
lation to  them.  It  ought  to  bo  studied  as  representing  one  of  the  phases 
of  development  of  the  present  North  American  continent  and  as  one 
of  the  series  of  remaikablc  continental  conditions  that  existed  from  time 
to  time  from  the  beginning  to  the  end  of  the  Mesozoic  era. 

THE  SHASTA  HORIZON. 

The  Shasta  horizon  embraces  all  the  strata  in  the  Pacific  Border 
region  which  have  been  referred  to  the  Lower  Cretaceous.  The  best 
known  and  most  characteristic  exposures  of  the  strata  of  this  horizon 
are  those  which  have  been  described  on  preceding  pages  under  the 
head  of  the  Shasta  formation  of  California  and  of  the  Queen  Charlotte 
formation  of  British  Columbia.  The  Shasta  formation,  as  it  is  devel- 
oped in  California,  consists  of  two  divisions,  which  are  found  to  difier 
from  each  other  paleontologicaliy ;  but  it  is  now  known  that  a  sufficient 
number  of  fossil  forms  are  common  to  equivalents  of  both  divisions 
which  occur  in  other  parts  of  the  region  to  warrant  the  placing  of  both 
of  them  in  one  and  the  same  general  horizon.  Again,  because  divisions 
"  C  "  and  "  E ''  of  the  Queen  Charlotte  section  contain  certain  identical 
fossils,  they  are  both  referred  to  one  and  the  same  great  horizon,  not- 
withstanding the  presence  between  them  of  the  eruptive  formation  ^<  D  " 
of  the  same  section.^  That  is,  while  these  strata  and  their  fossil  con- 
tents constitute  one  great  horizon  it  is  to  be  expected  that  within  cer- 
tain districts  more  or  less  distinct  paleontological  stages  may  be  recog- 
nized within  the  full  vertical  rai^ge  of  the  strata  which  physically  con- 

^  S«e  pAge  188. 
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any,  of  these  are  of  any  paleoutological  value.  Tbe  presence  of 
iinportaut  coal  beds,  however,  indicates  that  vegetation  was  abundant 
during  the  epoch  in  which  these  strata  were  deposited,  and  it  is  not 
improbable  that  collections  of  fossil  plants  of  taxonomic  value  may  yet 
be  obtained. 

The  strata  of  the  whole  horizon  are,  however,  almost  entirely  of 
marine  origin,  and  because  of  the  paucity  of  vertebrate  and  plant 
remains  we  must  doubtless  rely  upon  invertebrate  fossils  for  its  paieon- 
tological  characterization.  These  at  present  show  a  very  wide,  and 
apparently  an  entire,  fauual  difference  between  the  Shasta  and  Coman- 
che horizons,  although  their  geographical  separation  is  not  .very  great 
toward  the  south.  The  other  Lower  Cretaceous  horizons  having  been 
of  non-marine  origin  the  paleoutological  difference  between  them  and 
the  Shasta  horizon  is  necessarily  very  great. 

THE  DAKOTA    HORIZON, 

The  Dakota  horizon,  as  I  now  recognize  it,  is  represented  only  by  the 
Dakota  formation,  which,  as  a  distinct  formation,  is  known  only  in  the 
interior  parts  of  the  continent.  It  is  believed  that  certain  strata  at 
the  base  of  the  Upper  Cretaceous  series  in  the  Atlantic  and  Gulf  Bor- 
der regions  represent  this  horizon  taxonomically,  and,  being  conQ- 
dent  that  it  is  represented  by  certain  marine  strata  at  the  base  of 
the  Upper  Cretaceous  of  the  Texan  and  North  Mexican  regions,  I  have 
so  treated  those  strata  in  this  memoir.^  It  is,  however,  only  the  non* 
marine  Dakota  formation  proper  that  I  shall  consider  as  physically 
constituting  the  Dakota  horizon,  and  its  real  or  supposed  marine  equiva- 
lents will  be  considered  in  connection  with  the  strata  which  i)ertain  to 
the  great  complex  Maritime  and  Interior  horizon.  Therefore,  the  de< 
scription  of  the  Dakota  formation  which  has  already  been  given'  is  a 
description  of  the  Dakota  horizon  as  it  is  physically  constituted. 

The  Dakota  horizon  is  regarded  as  constituting  the  base  of  the  Upper 
Cretaceous,  but  the  deposition  of  its  strata  is  not  known  to  have  imme- 
diately succeeded  that  of  any  of  those  which  are  herein  referred  to  Lower 
Cretaceous.  It  is  true  that  strata  referred  by  Dr.  Dawson  conformably 
overlie  the  Kootanie  in  western  Alberta,  but  he  is  apparently  not  yet 
satisfied  that  certain  of  those  strata  which  intervene  between  the  char- 
acteristic underlying  Kootanie  and  the  overlying  Dakota  do  not  repre- 
sent all  the  intervening  time  between  those  epochs.  Marine  equivalents 
of  Dakota  strata  rest  upon  those  of  the  Comanche  horizon  in  the  Texan 
region,  and  elsewhere  the  characteristic  strata  of  the  Dakota  horizon 
have  been  found  to  rest  upon  both  Jurassic  and  Paleozoic  rocks.  There- 
fore, while  the  base  of  the  Dakota  formation  apparently  everywhere 
represents  the  beginning  of  the  sedimentation  which  produced  it,  the 
lower  delimitation  of  the  horizon  is,  in  different  districts,  by  formations 

I  See  page  122.  *Soe  pAgea  159  and  171. 
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stitute  the  whole  horizoa.  This  practically  ban  been  done  in  the  recog- 
uitiou  of  the  Horsetowu  and  Knoxville  divisions  of  the  Shasta  group, 
and  that  condition  indicates  some  degree  of  complexity  for  this  horizon 
SIS  compared  with  the  simpler  ones. 

The  most  constant  and  most  widely  distributed  of  the  fossil  forms 
which  characterize  the  Shasta  horizon  is  the  variable  Aucella  which  in 
my  writings  I  have  generally  referred  to  the  A,  concentrica  of  Keyser- 
ling,  but  it  is  likely  that  when  the  fossils  of  the  whole  horizon  come  to 
be  fully  studied  aod  catalogued  it  will  be  found  that  other  species  also 
have  so  wide  a  geographical  range  as  to  be  equally  valuable  for  such 
general  use. 

By  means  of  its  characteristic  fossils  the  Shasta  horizon  has  been 
recognized  at  numerous  places  in  the  Pacific  Border  region  from  central 
California  to  its  northern  boundary  and  from  there  to  points  within  the 
Arctic  Circle,  and  also  upon  the  peninsula  of  Alaska  and  adjacent  islands ; 
but  at  only  one  point  are  its  strata  yet  known  to  have  extended  east- 
ward within  the  designated  limits  of  the  Great  Interior  area.^  If,  how- 
ever, we  accept  the  Aiicella  that  has  been  referred  to  as  indicating  the 
presence  of  strata  belonging  to  this  horizon,  it  is  circumpolar  in  its 
extension,^  and  prevails  over  large  areas  in  northern  Europe  and  north- 
ern Asia.^  Only  the  N^rth  American  strata  which  have  been  referred 
to  the  Shasta  horizon  will,  however,  be  considered  in  this  memoir. 

The  lower  delimitation  of  the  Shasta  horizon  is  a  matter  of  uncer- 
tainty, because  there  is  plainly  a  wide  time-hiatus  between  its  earliest 
known  strata  and  the  latest  of  those  upon  which  they  are  found  to  rest, 
which  are  regarded  as  of  Triassic  age,  and  also  because  we  do  not  yet 
know  \vhether  the  earliest  known  strata  of  this  horizon  are  the  earliest 
that  anywhere  pertain  to  it.  We  also  do  not  know  whether  the  earli- 
est known  strata  of  the  Shasta  horizon  represent  the  beginning  of  Cre- 
taceous time  in  North  America,  but  it  is  my  present  opinion  that  they 
represent  a  somewhat  later  epoch  than  the  earliest  one. 

The  upper  delimitation  of  the  Shasta  horizon  is  also  a  matter  of 
uncertainty  because  we  do  not  yet  know  that  any  of  the  later  Creta- 
ceous strata  which  have  been  found  resting  upon  those  pertaining  to 
this  horizon  immediately  succeeded  them  in  time.  In  California  the 
earliest  overlying  strata  seem  to  be  of  Upper  Cretaceous  age ;  and  the 
local  superposition  of  Kootanie  upon  Queen  Charlotte  strata^  is  the 
only  known  case  of  other  Lower  Cretaceous  strata  resting  upon  those 
of  this  horizon. 

So  far  as  I  am  aware  no  vertebrate  remains  have  yet  been  found  in 
strata  referable  to  this  horizon.  Numerous  fragments  of  wood  and  of 
other  plant  remains  have  been  found  at  various  localities,  but  few,  if 

>  See  paj^o  180. 

*See  MonofE.  T7.  S.  Geol.  Sorv.,  vol.  13,  pp.  227, 228. 

*  See  foot  note  on  i>ago  185  for  reference  to  the  prob»ble  disoorery  of  this  Auc^la  in  aontbern  Kezioa. 

fl^eo  page  189. 
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any,  of  these  are  of  any  paleoutological  value.  The  presence  of 
important  coal  beds,  however,  indicates  that  vegetation  was  abundant 
during  the  epoch  in  which  these  strata  were  deposited,  and  it  is  not 
improbable  that  collections  of  fossil  plants  of  taxonomic  value  may  yet 
be  obtained. 

The  strata  of  the  whole  horizon  are,  however,  almost  entirely  of 
marine  origin,  and  because  of  the  paucity  of  vertebrate  and  plant 
remains  we  must  doubtless  rely  upon  invertebrate  fossils  for  its  paieon- 
tological  characterization.  These  at  present  show  a  very  wide,  and 
apparently  an  entire,  faunal  difference  between  the  Shasta  and  Coman- 
che horizons,  although  their  geographical  se])aration  is  not  .very  great 
toward  the  south.  The  other  Lower  Cretaceous  horizons  having  been 
of  non-marine  origin  the  paleoutological  difference  between  them  and 
the  Shasta  horizon  is  necessarily  very  great. 

THE  DAKOTA    HORIZON. 

The  Dakota  horizon,  as  I  now  recognize  it,  is  represented  only  by  the 
Dakota  formation,  which,  as  a  distinct  formation,  is  known  only  in  the 
interior  parts  of  the  continent.  It  is  believed  that  certain  strata  at 
the  base  of  the  Upper  Cretaceous  series  in  the  Atlantic  and  Gulf  Bor- 
der regions  represent  this  horizon  taxonomically,  and,  being  conQ- 
dent  that  it  is  represented  by  cert<iin  marine  strata  at  the  base  of 
the  Upper  Cretaceous  of  the  Texan  and  North  Mexican  regions,  I  have 
so  treated  those  strata  in  this  memoir.^  It  is,  however,  only  the  non- 
marine  Dakota  formation  proper  that  I  shall  consider  as  physically 
constituting  the  Dakota  horizon,  and  its  real  or  supposed  marine  equiva- 
lents will  be  considered  in  connection  with  the  strata  which  pertain  to 
the  great  complex  Maritime  and  Interior  horizon.  Therefore,  the  de- 
scription of  the  Dakota  formation  which  has  already  been  given'  is  a 
description  of  the  Dakota  horizon  as  it  is  x)hysically  constituted. 

The  Dakota  horizon  is  regarded  as  constituting  the  base  of  the  Upper 
Cretaceous,  but  the  deposition  of  its  strata  is  not  known  to  have  imme- 
diately succeeded  that  of  any  of  those  which  are  herein  referred  to  Lower 
Cretaceous.  It  is  true  that  strata  referred  by  Dr.  Dawson  conformably 
overlie  the  Kootanie  in  western  Alberta,  but  he  is  apparently  not  yet 
satisfied  that  certain  of  those  strata  which  intervene  between  tlie  char- 
acteristic underlying  Kootanie  and  the  overlying  Dakota  do  not  repre- 
sent all  the  intervening  time  between  those  epochs.  Marine  equivalents 
of  Dakota  strata  rest  upon  those  of  the  Comanche  horizon  in  the  Texan 
region,  and  elsewhere  the  characteristic  strata  of  the  Dakota  horizon 
have  been  found  to  rest  upon  both  Jurassic  and  Paleozoic  rocks.  There- 
fore, while  the  base  of  the  Dakota  formation  apparently  everywhere 
represents  the  beginning  of  the  sedimentation  which  produced  it,  the 
lower  delimitation  of  the  horizon  is,  in  different  districts,  by  formations 

>  See  pa;j:e  122.  *Soe  pagea  159  uid  171. 
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of  widely  different  ages.  Its  apper  delimitation,  where  any  Btrata  have 
been  found  to  rest  upon  it,  is  always  by  the  marine  Upper  Cretaceous 
strata  of  the  Colorado  formation  and  of  its  equivalents. 

The  character  of  the  strata  which  constitute  the  Dakota  horizon  is 
such  as  to  indicate  conditions  favorable  to  vertebrate  life  during  their 
deposition,  but  they  have  yet  furnished  few  or  no  vertebrate  fossils. 
Invertebrate  fossils  also  are  rare,  and,  being  of  non-marine  origin,  they 
are  of  little  value  as  indicating  the  geological  age  of  the  strata  which 
bear  them.  At  present,  therefore,  we  must  rely  almost  alone  upon 
fossil  plants  for  the  paleontological  characterization  of  this  horizon ; 
and,  in  this,  great  caution  is  necessary  because  several  of  its  species 
have  alteady  been  identified  in  later  horizons.^ 

Although  this  horizon  is  now  known  to  occupy  a  ])Osition  at  what  in 
this  memoir  is  treated  as  the  base  of  the  Upper  Cret-aceous,  certain 
paleontologists  have  insisted  on  referring  it  to  the  Tertiary  because  of 
the  character  of  its  flora.^  While,  therefore,  this  flora  as  a  whole  msiy 
be  relied  upon  to  distinguish  the  horizon,^  a  true  understanding  of  its 
geological  age  has  been  arrived  at  only  by  means  of  its  ascertained 
stratigraphical  relation  to  other  formations,  the  age  of  which  has  been 
determined  by  their  invertebrate  marine  fossils. 

THE  MARITIME  AKD  INTERIOR  HORIZON. 

This  is  one  of  the  most  important  of  the  North  American  Cretaceous 
horizons,  because  of  its  great  geographical  extent  and  because  it  com- 
prises the  greater  part  of  the  Upper  Cretaceous  strata  of  the  interior 
and  eastern  portions  of  the  continent.  Some  of  the  other  horizons  are 
simple  or  they  embrace  only  one  recognizable  formation,  but  this,  the 
most  complex  of  them  all,  embraces  several  formations,  each  of  which 
is  characterized  by  certain  stratigraphical  and  paIeontolo;;ical  peculiari- 
ties. Still  all  of  those  formations  are  more  or  less  directly  connected  by 
the  ranging  of  certain  species  of  fossil  mollusks  from  one  to  another, 
except  where  this  great  horizon  becomes  difl'erentiated  and  finally 
divided  into  two  subhorizons,  as  will  presently  be  shown.  That  is,  while 
certain  formations  are  distinguishable,  no  comi)lete  biological  break 
took  place  within  the  vertical  range  of  the  series  of  strata  which  repre- 
sents this  horizon  in  the  two  eastern  maritime  regions,  namely,  the  At- 
lantic and  Gulf  Border  regions ;  but  the  upper  and  lower  portions  of  the 
series  which  represent  it  in  the  Great  Interior  area  are  respectively 
characterized  by  a  greater  degree  of  paleontological  difference  than  ob- 
tains between  any  of  the  other  distinguishable  formations.    Therefore 

<  See  Ward's  tables.  Sixth  Ann.  Rep.  U.  S.  Geol.  Sarvey,  pp.  443-514. 

"See  paged  30  anO  70. 

'Thore  is  now  passing  thronch  the  press  an  important  work,  entitled  "  The  Flora  of  the  Dakota 
Group,"  wliich  flora  is  shown  to  consist  of  460  known  species,  the  larger  part  of  them  being  pabliahed 
therein  for  the  first  time.  See  Mon.  XT.  S.  Oeol.  Surrey,  vol.  17,  pp.  1-400,  pis.  i-ULVi.  A  posthunioua 
work  by  Leo  Leaquereux,  edilcid  by  ¥.  B..  'ELiin^\Ni»iu 
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those  up})er  and  lower  portions  of  this  i^eat  horizon  are,  in  that  part 
of  the  continent,  respectively  designated  as  subborizons. 

The  strata  which  constitute  this  great  horizon  are  all  of  marine  origin. 
Those  which  represent  it  in  the  Atlantic  Border  region  are  the  New 
Jersey  marl  beds  and  their  equivalents,  and  those  which  represent 
it  in  the  Gulf  Border  region  are  the  Botteu  limestone  and  the  Kipley 
formations,  all  of  which  have  been  defined  on  preceding  pages.  In 
the  eastern  part  of  the  Texan  region  this  horizon  is  represented  by 
all  the  Upper  Cretaceous  formations,  from  the  top  of  the  liipley  down 
to  the  base  of  the  Eagle  Ford  formation,  inclusive.  To  these  should 
doubtless  be  added  the  Timber  Greek  formation,  which,  although  re- 
garded as  the  time  representative  of  the  Dakota,  is  of  marine  origin 
and  paleontologically  related  to  the  formations  which  immediately  over- 
lie it.  In  the  western  part  of  the  Texan  region  and  in  the  North  Mexican 
region  this  horizon  is  represented  by  all  the  Upper  Gretaceous  strata 
which  are  now  known  to  occur  there  between  the  top  of  the  Gomanche 
and  the  base  of  the  Laramie  horizon.  In  the  South  Interior  region  the 
Golorado  and  Montana  formations  constitute  the  full  equivalent  of  all 
the  Upper  Gretaceous  strata  just  referred  to,  and  while  they  were  evi- 
dently produced  by  continuous  sedimentation  from  the  lower  to  the 
higher  of  these  two  formations,  their  paleontological  relation  to  each 
other  seems  less  intimate  than  is  the  relation  to  one  another  of  the 
formations  which  constitute  the  full  horizon  in  the  more  southern  and 
eastern  regions. 

Upon  going  northward  into  the  North  Interior  region  we  find  the 
Golorado  and  Montana  formations  to  be  as  well  developed  there  as  they 
are  in  the  South  Interior  region,  and  also  that  the  before- mentioned 
paleontological  difference  between  them  continues,  but  it  does  not  in- 
crease to  such  an  extent  as  to  materially  change  the  fauual  character 
of  each  of  those  great  formations.  Furthermore,  upon  passing  the 
northern  boundary  of  the  United  States  we  find  that  the  interposition 
of  the  non-marine  Belly  Eiver  between  the  Golorado  and  Montana 
formations,  in  quite  a  large  district  there,  has  divided  the  great 
horizon  into  the  two  subhorizons  which  have  just  been  referred  to,  the 
lower  being  represented  by  the  Golorado  and  the  upi)er  by  the  Montana 
formation.  They  are  designated  as  subhorizons  because  they  are  so 
separated,  and  are  not  treated  as  distinct  horizons  because  each  por- 
tion there  largely  retains  the  paleontological  features  that  characterize 
it  farther  southward  and  eastward,  where  the  two  portions  are  in  con- 
formable contact,  where  their  paleontological  relation  to  each  other  is 
recognizable,  and  where  their  lithological  character  indicates  that  they 
were  produced  by  continuous  sedimentation  from  the  lower  to  the 
higher  strata. 

The  geographical  extent,  the  vertical  range,  and  the  stratigraphical 
diversity  of  this  complex  horizon,  as  it  has  just  beeudetii^^d^^'^^'&v^  ^"^k^^* 
that  it  is  difficult  to  characterize  it  as  a  n»\io\^.    \\»  \fi^^\iftH<^Nvst^\s>5aXft^ 
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reasons  already  stated,  however,  it  is  in  tbis  memoir  provisionally 
assigned  to  the  base  of  the  Cretaceous  system. 

The  deposits  which  constitute  the  Potomac  horizon  being  of  non- 
marine  origin,  and  those  which  constitute  the  next  overlying  horizon 
being  of  true  marine  origin,  the  discovery  of  any  direct  paleoutological 
relationship  could  not  reasonably  be  e!tpected.  Besides  this,  the  next 
overlying  horizon  being  of  Upper  Cretaceous  age,  there  is  under- 
stood to  be  a  wide  time  hiatus  between  them,  and  there  is  also  a  wide 
time  hiatus  between  the  Potomac  horizon  and  the  underlying  deposits, 
the  latest  of  which  are  regarded  as  of  Triassic  age.  Therefore  this 
horizon  is  well  defined  from  both  the  underlying  and  overlying  horizons. 
Furthermore,  there  appear  to  be  no  deposits  among  the  other  North 
American  Cretaceous  formations  that  are  closely  similar  to  the  Poto- 
mac and  its  known  equivalents,  and  none  which  have  afforded  any  evi- 
dence of  contemporaneity  with  the  latter,  with  the  possible  exception 
of  the  Kootanie. 

In  view  of  the  statements  that  have  been  made  on  page  186  concern- 
ing the  identification  of  several  species  of  fossil  plants  in  the  Kootanie 
strata  of  Alberta  and  Montana,  and  iu  the  Potomac  strata  of  the  At- 
lantic Border  region,  the  question  may  be  raised  whether  the  Potomac 
horizon,  as  it  is  recognized  iu  this  memoir,  ought  not  to  include  the  Koo- 
tanie formation,  and  whether  that  S[)ecifiG  identification  of  plants  does 
not  prove  the  contemporaneity  of  the  Potomac  and  Kootanie  forma- 
tions. Neither  of  these  questions,  however,  is  regarded  as  settled  by 
this  discovery  for  the  following,  among  other,  reasons:  The  horizons 
which  are  recognized  in  this  memoir  are  only  those  which  have,  besides 
their  biological  characteristics  a  material  existence  in  strata  that  were 
deposited  in  one  continuous,  or  nowhere  wholly  broken,  body  of  water. 
Such  a  definition  will  not  apply  to  the  case  in  hand,  because  it  is  evi- 
dent that  although  the  Kootanie  may  be  shown  to  contain  remains  of 
plants  which  are  specifically  identical  with  some  found  in  the  Potomac 
formation,  it  is  certain  that  the  waters  in  which  the  two  formations 
were  deposited  were  geographically  widely  separated.  Again  the  spe- 
cific identification  of  fossil  plants  can  not  in  all  cases  be  accepted  as 
proof  of  the  contemporaneity  of  origin  of  the  respective  formations  con- 
taining them.  For  example,  it  is  claimed  that  five  of  the  species 
which  constitute  the  flora  of  the  Dakota  formation  have  been  iden- 
tified as  members  of  the  flora  which  characterizes  the  Laramie.  Sev- 
eral species  of  the  latter  flora  have  been  published  as  identical  with 
Belly  River  forms,  several  have  been  recognized  in  the  overlying 
Green  River  Tertiary,  and  three  species  from  the  Upper  Laramie 
have  been  identified  with  living  species.^  And  yet,  no  one  would 
think  of  suggesting  that  the  Dakota,  Belly  River,  Laramie,  and  Green 
River  formations  ought  to  be   referred  to  one  amT^he  same  hori- 


>  See  Ward,  lister  F.,  Synopsis  of  t  lie  Flora  of  the  Laramie  Group.    Sixth  Annual  Keport  XJ.  S.  Qeol- 
8urr.,  pp.  405-537,  platea  31-€6. 
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zon,  even  upon  purely  paleontological  ground,  and  a  suggestion  that 
those  formations  were  contemporaneous  in  tlieir  origin  would  be  too 
absurd  for  consideration. 

In  future  studies  of  the  characteristics  of  the  Potomac  horizou  little 
aid  can  be  expected  from  invertebrate  fossils  because  of  the  paucity  of 
such  remains  in  the  deposits  which  physically  constitute  it,  and  because 
of  the  comparatively  slight  v^^lue  of  non-marine  invertebrates  as  indi- 
cators of  the  geological  age  of  the  strata  containing  them.  Therefore  a 
knowledge  of  the  paleontological  characterization  of  the  deposits  which 
physically  constitute  the  Potomac  horizon,  and  of  the  upper  and  lower 
delimitation  of  the  same  must  be  sought  for  mainly  by  means  of  verte- 
brate and  plant  remains,  which  in  all  cases  ought  to  be  speci(^lly 
studied  in  connection  with  stratigraphical  details. 

THE   COMANCHE   HORIZON. 

While  I  have  in  this  memoir  assigned  the  Potomac  horizon  to  the 
base  of  the  Cretaceous  system,  I  have  at  the  same  time  admitted  the  in- 
completeness of  the  evidence  upon  that  point,  and  I  do  not  hesitate  to 
admit  my  inability  to  indicate  more  than  approximately  the  taxouomic 
position  of  the  Comanche  horizon,  with  relation  to  any  of  the  other 
North  American  Lower  Cretaceous  horizons  in  the  scale  which  is  used 
in  the  preceding  tables.  For  example,  we  do  not  yet  know  whether 
the  strata  which  constitue  the  Comanche  horizon  were  deposited  before, 
after,  or  contemporaneously  with  any  given  one  of  the  Qther  Lower 
Cretaceous  formations  which  have  been  defined  on  preceding  pages; 
and  therefore  the  relative  place  which  is  assigned  to  each  of  these  forma- 
tions in  the  tables  referred  to  must  be  understood  to  represent  only  my 
present  judgment  in  this  case. 

So  far  as  is  now  certainly  known,  the  Comanclie  horizon  is  repre- 
sented only  in  the  Texan  and  North  Mexican  regions,  and  only  by  the 
strata  which,  in  connection  with  the  discussion  of  t)ie  geology  of  those 
regions,  have  been  described  under  the  head  of  the  Comanche  series. 
The  area  within  which  strata  of  this  horizon  are  now  known  to  occur 
is  about  800  miles  across  from  east  to  west,  and  about  500  miles  from 
north  to  south.  It  can  not  be  doubted,  however,  that  they  extend  far 
southward  into  the  central  and  southern  portions  of  the  Mexican 
Eepnblic,  and  it  is  even  probable  that  they  reach  their  greatest  develop- 
ment there.*  No  sufficient  evidence  has  yet  been  obtained  that  strata 
referable  to  this  horizon  were  ever  deposited  to  the  north  or  east  of 
the  Texan  region,  if  we  except  some  inconspicuous  outliers  that  have 
been  reported  to  exist  in  southern  Kansas. 

The  Comanche  is  a  purely  marine  horizon,  and  for  that  reason  it  can 
not  be  compared  paleontologically  with  two  of  the  other  Lower  Creta- 
ceous horizons,  namely,  the  Potomac  and  Eootanie,  which  are  of  non- 
marineforigin.    The  Shasta  horizon,  like  the  Comanche,  is  physically 

1  Sm  remarks  on  p.  202  relatiye  to  lute  ob«ery«t4oTift  ot^vkl.1^<^V1^su 
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represeiiteil  by  marine  strata,  but  their  faunas  are  wholly  different  from 
each  other,  not  a  single  species  having^  yet  been  recognized  as  comiuoa 
to  both.  The  inolluscau  fauna  as  a  whole  of  the  Comanche  horizon 
appears  to  range  through  the  entire  thickness  of  the  series  of  strata 
which  constitute  it,  and  with  a  few  doubtful  exceptions  consisting  of 
ostreid  forms,  none  of  its  species  has  been  found  in  other  formations. 
The  Comanche,  therefore,  is  paleontologically  one  of  the  most  distinctly 
defined  horizons  that  the  geologist  is  likely  to  encounter  on  this  conti- 
nent. It  is  identical  in  all  respects  with  the  Comanche  series  of  strata, 
and  its  x^hysical  definition  is  quite  as  clear  as  its  paleontological. 

Up  to  the  present  time  no  plant  remains  have  been  discovered  in  any 
strata  of  the  Comanche  horizon,  and  few,  if  any,  vertebrate  remains,  even 
of  fishes,  have  yet  been  detected.  Invertebrate  remains,  other  than  those 
of  moUusks,  are  also  comparatively  rare ;  and  it  is  evident  that  the 
paleontological  characterization  of  the  horizon  must  mainly  be  accom- 
plished by  means  of  its  abundant  molluscan  fauna. 

THE  KOOTANIE  HORIZON. 

The  Kootanie  horizon  is  represented  only  by  the  strata  of  tl^e  Koo- 
tanie  formation,  which  now  are  only  known  to  occur  in  the  North  In- 
terior region,  where  there  is  evidence  that  they  originally  occupied  an 
area  many  hundred  square  miles  in  extent.  These  strata  are  of  non- 
marine  origin,  and  their  blending  with,  or  passage  horizontally  into, 
those  of  marine  origin,  as  the  non-marine  strata  of  the  Dakota  horizon 
are  understood  to  do  in  their  southern  extension,  has  not  yet  been  dem- 
onstrated, although  it  seems  to  be  the  impression  of  the  Canadian  ge- 
ologists that  they  thus  blend  with  equivalents  of  Queen  Charlotte  strata. 
It  is,  however,  not  unlikely  that  such  a  horizontal  blending  did  occur 
somewhere,  but  for  want  of  more  knowledge  upon  that  point  it  is  now 
necessary  to  treat  the  Kootanie  strata  as  forming  a  geographically 
isolated  horizon. 

The  upper  and  lower  delimitation  of  the  Kootanie  horizon,  both  phys- 
ically and  biologically,  is  in  its  typical  district  the  same  as  that  of  the 
Kootanie  formation,  which  has  been  defined  on  preceding  pages.  So 
far  as  I  am  aware,  no  strata  of  later  age  than  the  Carboniferous  have 
yet  been  reported  as  underlying  it  except  in  the  case  which  is  recorded 
on  page  189,  where  the  immediately  underlying  strata  are  found  to  bear 
certain  characteristic  fossils  of  the  Shasta  horizon,  the  lower  delimita- 
tion of  the  Kootanie  in  Montana  not  having  yet  been  clearly  defined. 
No  strata  of  earlier  age  than  those  of  the  Dakota  horizon  have  yet  been 
found  to  overlie  those  of  the  Kootanie,  and  these  are  reported  to  lie  con- 
formably with  them  in  Alberta.  Still,  the  paleontological  character- 
istics of  each  of  these  horizons  is  such  that  it  is  necessary  to  assume 
that  there  is  an  important  time-hiatus  between  them» 

Very  few  invertebrate  fossils  have  yet  been  found  in  strata  of  the 
J^ootanie  horizon,  and  if  mox^Nv^t^  towud  they  would  probably  be  of 
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little  valae  in  its  characterizatiou,  because  the  differentiation  incident 
to  the  secular  evolution  of  non-marine  iu vertebrates  has  been  so 
slight  as  compared  with  that  of  marine  invertebrates.  No  vertebrate 
fossils  have  yet  been  reported  from  Eootanie  strata,  the  most  impor- 
tant fossils  yet  discovered  being  those  of  plants,  upon  the  character  of 
which,  together  with  their  contrast  with  those  of  the  overlying  Dakota 
horizon,  they  have  been  referred  to  the  Lower  Cretaceous.  It  ought 
to  be  remarked  in  this  connection  that  the  identity  of  the  Alberta  and 
Montana  KooUinie  deposits  having  been  assumed  only  upon  the  evi- 
dence afforded  by  the  specific  identity  of  fossil  x)lants,  they  may  have 
been  simultaneously  formed  in  separate  bodies  of  water.  This  being 
true  would  not  necessarily  disprove  their  identical  taxonomic  position, 
but  it  would  make  the  Kootanie,  as  now  understood,  a  paleontologically 
and  not  a  physically,  continuous  horizon. 

There  is  no  apparent  reason  why  an  important  vertebrate  fauna  may 
not  yet  be  discovered  in  the  strata  of  this  horizon,  but  at  present  we 
must  rely  almost  alone  ui)on  its  flora  for  its  paleontological  character- 
ization. 

The  importance  of  this  horizon  is  not  confined  to  its  taxonomic  rela- 
tion to  the  other  horizons  herein  discussed,  nor  to  its  paleontologoical  re- 
lation to  them.  It  ought  to  be  studied  as  representing  one  of  the  phases 
of  development  of  the  pre^ieut  North  American  continent  and  as  one 
of  the  series  of  remaikable  continental  conditions  that  existed  from  time 
to  time  from  the  beginning  to  the  end  of  the  Mesozoic  era. 

THE  SHASTA  HORIZON. 

The  Shasta  horizon  embraces  all  the  strata  iu  the  Pacific  Border 
region  which  have  been  referred  to  the  Lower  Cretaceous.  The  best 
known  and  most  characteristic  exposures  of  the  strata  of  this  horizon 
are  those  which  have  been  described  on  preceding  pages  under  the 
head  of  the  Shasta  formation  of  California  and  of  the  Queen  Charlotte 
formation  of  British  Columbia.  The  Shasta  formation,  as  it  is  devel- 
oped in  California,  consists  of  two  divisions,  which  are  found  to  differ 
from  each  other  paleontologically ;  but  it  is  now  known  that  a  sufficient 
number  of  fossil  forms  are  common  to  equivalents  of  both  divisions 
which  occur  iu  other  parts  of  the  region  to  warrant  the  placing  of  both 
of  them  in  one  and  the  same  general  horizon.  Again,  because  divisions 
"C  and  "  E'^  of  the  Queen  Charlotte  section  contain  certain  identical 
fossils,  they  are  both  referred  to  one  and  the  same  great  horizon,  not- 
withstanding the  presence  between  them  of  the  eruptive  formation  ^'  D  " 
of  the  same  section.^  That  is,  while  these  strata  and  their  fossil  con- 
tents constitute  one  great  horizon  it  is  to  be  expected  that  within  cer- 
tain districts  more  or  less  distinct  paleontological  stages  may  be  recog- 
nized within  the  full  vertical  rai^ge  of  the  strata  which  physically  con- 

*  S«e  page  188. 
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stitate  the  whole  horizon.  This  practically  ha8  been  done  in  the  recog- 
uitiou  of  the  Horsetowu  and  Kiioxville  divisions  of  the  Shasta  group, 
and  that  condition  indicates  some  degree  of  complexity  for  this  horizon 
SIS  compared  with  the  simpler  ones. 

The  most  constant  and  most  widely  distributed  of  the  fossil  forms 
which  characterize  the  Shasta  horizon  is  the  variable  Aucella  which  in 
my  writings  I  have  generally  referred  to  the  A.  concentrica  of  Ke^'ser- 
ling,  but  it  is  likely  that  when  the  fossils  of  the  whole  horizon  come  to 
be  fully  studied  and  catalogued  it  will  be  found  that  other  species  also 
have  so  wide  a  geographical  range  as  to  be  equally  valuable  for  such 
general  use. 

By  means  of  its  characteristic  fossils  the  Shasta  horizon  has  been 
recognized  at  numerous  places  in  the  Pacific  Border  region  from  central 
California  to  its  northern  boundary  and  from  there  to  points  within  the 
Arctic  Circle,  and  also  upon  the  peninsula  of  Alaska  and  adjacent  islands ; 
but  at  only  one  point  are  its  strata  yet  known  to  have  extended  east- 
ward within  the  designated  limits  of  the  Great  Interior  area.^  If,  how- 
ever, we  accept  the  Aucella  that  has  been  referred  to  as  indicating  the 
presence  of  strata  belonging  to  this  horizon,  it  is  circnmpolar  in  its 
extension,^  and  prevails  over  large  areas  in  northern  Europe  and  north- 
ern Asia.^  Only  the  N^rth  American  strata  which  have  been  referred 
to  the  Shasta  horizon  will,  however,  be  considered  in  this  memoir. 

The  lower  delimitation  of  the  Shasta  horizon  is  a  matter  of  uncer- 
tainty, because  there  is  plainly  a  wide  time-hiatus  between  its  earliest 
known  strata  and  the  latest  of  those  upon  which  they  are  found  to  rest, 
which  are  regarded  as  of  Triassic  age,  and  also  because  we  do  not  yet 
know  whether  the  earliest  known  strata  of  this  horizon  are  the  earliest 
that  anywhere  pertain  to  it.  We  also  do  not  know  whether  the  earli- 
est known  strata  of  the  Shasta  horizon  represent  the  beginning  of  Cre- 
taceous time  in  North  America,  but  it  is  my  present  opinion  that  they 
represent  a  somewhat  later  epoch  than  the  earliest  one. 

The  upper  delimitation  of  the  Shasta  horizon  is  also  a  matter  of 
uncertainty  because  we  do  not  yet  know  that  any  of  the  later  Creta- 
ceous strata  which  have  been  found  resting  upon  those  pertaining  to 
this  horizon  immediately  succeeded  them  in  time.  In  California  the 
earliest  overlying  strata  seem  to  be  of  Upper  Cretaceous  age ;  and  the 
local  superposition  of  Kootanio  upon  Queen  Charlotte  strata^  is  the 
only  known  case  of  other  Lower  Cretaceous  strata  resting  upon  those 
of  this  horizon. 

So  far  as  I  am  aware  no  vertebrate  remains  have  yet  been  found  in 
strata  referable  to  this  horizon.  Numerous  fragments  of  wood  and  of 
other  plant  remains  have  been  found  at  various  localities,  but  few,  if 

>  Seo  paj^o  180. 

•Seo  Monog.  U.  S.  Gool.  Snrr.,  vol.  13,  pp.  227, 228. 

*  See  foot  note  on  page  185  for  reference  to  the  probable  disoorery  of  this  Aucella  in  sonttaem  Mexioo. 

*  ^eo  page  189. 
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any,  of  theso  are  of  any  paleoutological  vahie.  The  presence  of 
important  coal  beds,  however,  indicates  that  vegetation  was  abundant 
during  the  epoch  in  whicli  these  strata  were  deposited,  and  it  is  not 
improbable  that  collections  of  fossil  plants  of  taxouomic  value  may  yet 
be  obtained. 

The  strata  of  the  whole  horizon  are,  however,  almost  entirely  of 
marine  origin,  and  because  of  the  paucity  of  vertebrate  and  plant 
remains  we  must  doubtless  rely  upon  invertebrate  fossils  for  its  paieon- 
tological  characterization.  These  at  present  show  a  very  wide,  and 
apparently  an  entire,  faunal  difLerence  between  the  Shasta  and  Coman- 
che horizons,  although  their  geographical  separation  is  not  .very  great 
toward  the  south.  The  other  Lower  Gretaceous  horizons  having  been 
of  non-marine  origin  the  paleoutological  difference  between  them  and 
the  Shasta  horizon  is  necessarily  very  great. 

THE  DAKOTA    HORIZON. 

The  Dakota  horizon,  as  I  now  recognize  it,  is  represented  only  by  the 
Dakota  formation,  which,  as  a  distinct  formation,  is  known  only  in  the 
interior  i^arts  of  the  continent.  It  is  believed  that  certain  strata  at 
the  base  of  the  Upper  Cretaceous  series  in  the  Atlantic  and  Gulf  Bor- 
der regions  represent  this  horizon  taxonomically,  and,  being  confi- 
dent that  it  is  represented  by  certain  marine  strata  at  the  base  of 
the  Upper  Cretaceous  of  the  Texan  and  North  Mexican  regions,  I  have 
so  treated  those  strata  in  this  memoir.^  It  is,  however,  only  the  non- 
marine  Dakota  formation  proper  that  I  shall  consider  as  physically 
constituting  the  Dakota  horizon,  and  its  real  or  supposed  marine  equiva- 
lents will  be  considered  in  connection  with  the  strata  which  pertain  to 
the  great  complex  Maritime  and  Interior  horizon.  Therefore,  the  de- 
scription of  the  Dakota  formation  which  has  already  been  given '  is  a 
description  of  the  Dakota  horizon  as  it  is  physically  constituted. 

The  Dakota  horizon  is  regarded  as  constituting  the  base  of  the  Upper 
Gretaceous,  but  the  deposition  of  its  strata  is  not  known  to  have  imme- 
diately succeeded  that  of  any  of  those  which  are  herein  referred  to  Lower 
Gretaceous.  It  is  true  that  strata  referred  by  Dr.  Dawson  conformably 
overlie  the  Kootauie  in  western  Alberta,  but  he  is  apparently  not  yet 
satisfied  that  certain  of  those  strata  which  intervene  between  the  char- 
acteristic underlying  Kootanie  and  the  overlying  Dakota  do  not  repre- 
sent all  the  intervening  time  between  those  epochs.  Marine  equivalents 
of  Dakota  strata  rest  upon  those  of  the  Comanche  horizon  in  the  Texan 
region,  and  elsewhere  the  characteristic  strata  of  the  Dakota  horizon 
have  been  found  to  rest  upon  both  Jurassic  and  Paleozoic  rocks.  There- 
fore, while  the  base  of  the  Dakota  formation  apparently  everywhere 
represents  the  beginning  of  the  sedimentation  which  produced  it,  the 
lower  delimitation  of  the  horizon  is,  in  different  districts,  by  formations 

I  See  paizo  122.  *S«e  pages  159  and  17L 

Bull.  82 17 


258  THE   CRETACEOUS.  Ibuli-82. 

of  widely'  different  ages.  Its  apper  delimitation,  where  any  strata  have 
been  found  to  rest  upon  it,  is  always  by  the  marine  Upper  Cretaceous 
strata  of  the  Colorado  formation  and  of  its  equivalents. 

The  character  of  the  strata  which  constitute  the  Dakota  horizon  is 
such  as  to  indicate  conditions  favorable  to  vertebrate  life  during  their 
deposition,  but  they  have  yet  furnished  few  or  no  vertebrate  fossils. 
Invertebrate  fossils  also  are  rare,  and,  being  of  non-marine  origin,  they 
are  of  little  value  as  indicating  the  geological  age  of  the  strata  which 
bear  them.  At  present,  therefore,  we  must  rely  almost  alone  upon 
fossil  plants  for  the  paleontological  characterization  of  this  horizon ; 
and,  in  this,  great  caution  is  necessary  because  several  of  its  species 
have  already  been  identified  in  later  horizons.^ 

Although  this  horizon  is  now  known  to  occupy  a  position  at  what  in 
this  memoir  is  treated  as  the  base  of  the  Upper  Cretaceous,  certain 
paleontologists  have  insisted  on  referring  it  to  the  Tertiary  because  of 
the  character  of  its  flora.^  While,  therefore,  this  flora  as  a  whole  may 
be  relied  upon  to  distinguish  the  horizon,^  a  true  understanding  of  its 
geologiciil  age  has  been  arrived  at  only  by  means  of  its  ascertained 
stratigraphical  relation  to  other  formations,  the  age  of  which  has  been 
determined  by  their  invertebrate  marine  fossils. 

THE  MARITIME  AND  INTERIOR  HORIZON. 

This  is  one  of  the  most  important  of  the  North  American  Cretaceous 
horizons,  because  of  its  great  geographical  extent  and  because  it  com- 
prises the  greater  part  of  the  Upper  Cretaceous  strata  of  the  interior 
and  eastern  portions  of  the  continent.  Some  of  the  other  horizons  are 
simple  or  they  embrace  only  one  recognizable  formation,  but  this,  the 
most  complex  of  them  all,  embraces  several  formations,  each  of  which 
is  characterized  by  certain  stratigraphical  and  paleontolo;,acal  peculiari- 
ties. Still  all  of  those  formations  are  more  or  less  directly  connected  by 
the  ranging  of  certain  species  of  fossil  mollusks  from  one  to  another, 
except  where  this  great  horizon  becomes  differentiated  and  finally 
divided  into  two  subhorizons,  as  will  presently  be  shown.  That  is,  while 
certain  formations  are  distinguishable,  no  complete  biological  break 
took  place  within  the  vertical  range  of  the  series  of  strata  which  repre- 
sents this  horizon  in  the  two  eastern  maritime  regions,  namely,  the  At- 
lantic and  Gulf  Border  regions ;  but  the  upper  and  lower  portions  of  the 
series  which  represent  it  in  the  Great  Interior  area  are  respectively 
chara<sterized  by  a  greater  degree  of  paleontological  difference  than  ob- 
tains between  any  of  the  other  distinguishable  formations.    Therefore 

<  See  Ward's  tables,  Sixth  Ann.  Kep.  U.  S.  Geol.  Sorvey,  pp.  4A3-5U. 

*See  paged  30  and  70. 

'  There  is  now  passing  throaj^h  the  press  an  important  work,  entitled  ''  The  Flora  of  the  Dakota 
Group,"  wiiich  flora  is  shown  to  consist  of  460  known  species,  the  lari;er  part  of  them  being  pablished 
tlierein  for  the  first  time.  See  Mon.  T7.  S.  Geol.  Survey,  voL  17,  pp.  1-400,  pla.  I-LXVI.  A  posthumous 
work  by  Leo  Lesquereux,  edited  by  F.  H.  Knowlton. 
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those  up])er  and  lower  portions  of  this  great  horizon  are,  in  that  part 
of  the  continent,  respectively  designated  as  subhorizons. 

The  strata  which  constitute  this  great  horizon  are  all  of  marine  origin. 
Those  which  represent  it  in  the  Atlantic  Border  region  are  the  New 
Jersey  marl  beds  and  their  equivalents,  and  those  which  represent 
it  in  the  Gulf  Border  region  are  the  Rotten  limestone  and  the  Kipley 
formations,  ail  of  which  have  been  defined  on  preceding  pages.  In 
the  eastern  part  of  the  Texan  region  this  horizon  is  represented  by 
all  the  Upper  Cretaceous  formations,  from  the  top  of  the  Eii)ley  down 
to  the  base  of  the  Eagle  Ford  formation,  inclusive.  To  these  should 
doubtless  be  added  the  Timber  Greek  formation,  which,  although  re- 
garded as  the  time  representative  of  the  Dakota,  is  of  marine  origin 
and  paleontologically  related  to  the  formations  which  immediately  over- 
lie it.  In  the  western  part  of  the  Texan  region  a  nd  in  the  North  Mexican 
region  this  horizon  is  represented  by  all  the  Upper  Gretaceous  strata 
which  are  now  known  to  occur  there  between  the  top  of  the  Gomanche 
and  the  base  of  the  Laramie  horizon.  In  the  South  Interior  region  the 
Colorado  and  Montana  formations  constitute  the  full  equivalent  of  all 
the  Upper  Cretaceous  strata  just  referred  to,  and  while  they  were  evi- 
dently produced  by  continuous  sedimentation  from  the  lower  to  the 
higher  of  these  two  formations,  their  paleontological  relation  to  each 
other  seems  less  intimate  than  is  the  relation  to  one  another  of  the 
formations  which  constitute  the  full  horizon  in  the  more  southern  and 
eastern  regions. 

Upon  going  northward  into  the  North  Interior  region  we  find  the 
Colorado  and  Montana  formations  to  be  as  well  developed  there  as  they 
are  in  the  South  Interior  region,  and  also  that  the  before- mentioned 
paleontological  difference  between  them  continues,  but  it  does  not  in- 
crease to  such  an  extent  as  to  materially  change  the  fanual  character 
of  e;ich  of  those  great  formations.  Furthermore,  upon  passing  the 
northern  boundary  of  the  United  States  we  find  that  the  interposition 
of  the  non-marine  Belly  Eiver  between  the  Colorado  and  Montana 
formations,  in  quite  a  large  district  there,  has  divided  the  great 
horizon  into  the  two  subhorizons  which  have  just  been  referred  to,  the 
lower  being  represented  by  the  Colorado  and  the  upper  by  the  Montana 
formation.  They  are  designated  as  subhorizons  because  they  are  so 
separated,  and  are  not  treated  as  distinct  horizons  because  each  por- 
tion there  largely  retains  the  paleontological  features  that  characterize 
it  farther  southward  and  eastward,  where  the  two  portions  are  in  con- 
formable contact,  where  their  paleontological  relation  to  each  other  is 
recognizable,  and  where  their  lithological  character  indicates  that  they 
were  produced  by  continuous  sedimentation  from  the  lower  to  the 
higher  strata. 

The  geographical  extent,  the  vertical  range,  and  the  stratigraphical 
diversity  of  this  complex  horizon,  as  it  has  just  been  defined,  are  so  great 
that  it  is  difficult  to  characterize  it  as  a  whole.    It  is,  however^  treaU^ 
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as  a  sinfi^le  horizon,  because  all  its  stratigraphical  subdivisions  are  an- 
derstooil  to  be  paleoutologically  more  or  less  intimately  related  to  one 
another,  and  because  of  the  evidence  we  have  that  marine  conditions 
prevailed  continuously  in  time  from  the  deposition  of  its  earliest  to  that 
of  its  latest  strata.  It  is  true  that  the  evidence  of  direct  continuity  of 
sedimentation  is  lacking  in  many  places,  and  in  many  places  it  is  plain 
that  such  continuity  was  broken,  but  the  result  of  extended  observa- 
tions leaves  no  room  for  reasonable  doubt  that  it  was  never  everywhere 
wholly  interrupted  within  the  vertical  range  indicated. 

The  strata  of  this  horizon  are,  in  many  places,  very  fossiliferous,  and 
a  great  number  of  species  have  been  publisned  by  various  authors,  the 
most  important  of  whose  publications  are  mentioned  in  the  bibliograph- 
ical list  which  is  given  in  the  introductory  part  of  this  memoir. 

Although  vegetation  was  abundant  over  a  large  part  of  the  greiit  area 
which  is  occupied  by  the  strata  of  this  horizon,  su«  is  indicated  by  the 
presence  of  numerous  and  important  coal  beds,  comparatively  little  is 
yet  known  of  the  character  of  the  floras  that  existed  during  the  time 
which  is  represented  by  them.  Judging  from  the  character  of  the  re- 
mains that  have  been  discovered  in  the  Montana  formation,  however, 
vegetation  seems  to  have  been  similar  to  that  which  existed  during  both 
the  Dakota  and  Laramie  epochs. 

Important  discoveries  of  vertebrate  remains  have  been  made  at  vari- 
ous localities  and  in  various  strata  of  this  horizon  from  its  base  to  its 
top,  the  greater  part  of  which  have  been  published  by  Profs.  Leidy, 
Marsh,  and  Cope. 

The  abundant  invertebrate  fossils  of  this  horizon  are,  and  doubtless 
always  will  be,  the  most  important  for  its  characterization,  and  for 
this  purpose  a  thorough  revision  of  all  the  known  species  from  the  va- 
rious recognized  formations  of  this  great  horizon  is  greatly  needed* 
When  this  revision  is  made  it  will  appear  that  there  are  within  the 
vertical  range  of  the  horizon  several  more  or  less  distinct  faunal  stages, 
the  greater  part  of  the  species  of  which  are  unlike  those  of  the  other 
stages,  while  some  of  them  will  be  found  to  be  common  to  two  or  more 
of  tliem.  No  one  species,  or  any  set  of  species  can  yet  be  selected  as 
characteristic  of  this  horizon  throughout  its  entire  geographical  extent, 
or  through  its  entire  vertical  range,  but  enough  is  now  known  upon 
this  point  to  show  that  it  will  always  be  unsafe  to  assume  that  any 
given  marine  molluscan  species  obtained  from  any  formation  belonging 
to  this  horizon  will  not  be  found  in  any  overlying  or  underlying  one 
which  pertains  to  it.  This  hist  mentioned  fact  is  a  significant  one  in  its 
bearing  upon  the  subject  of  a  connected  history  of  geological  events 
within  the  present  limits  of  the  North  American  continent  during  Upper 
Cretaceous  time,  and  with  reference  to  the  interdelimitation  of  the 
Upper  and  Lower  Cretaceous  of  this  continent. 

The  lower  delimitation  of  this  great  horizon  is  the  same  as  that  of 
the  whole  Upper  Cretaceous  of  the  interior  and  eastern  portious  of  the 
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continent  excepl^where  the  Dakota  formation  and  its  non-marine  equiv- 
alents prevail. '  Its  npper  delimitatioQ  is  by  a  time-hiatus  between  it 
and  the  Tertiary  in  the  Atlantic  and  Gulf  border  regions  and  in  the 
eastern  part  of  the  Texan  region ;  but  elsewhere,  that  is,  in  the  western 
part  of  the  Texan  region,  in  the  North  Mexican  region,  and  in  the  two 
Interior  regions,  its  upper  delimitation  is  by  the  Laramie  horizon,  the 
aqueous  fauna  of  which  is  wholly  different,  although  the  stratigraphical 
relation  between  the  two  horizons  is  remarkably  intimate,  as  has 
already  been  pointed  ont. 

THE  COLORADO  SUBHORIZOX. 

If  it  were  not  that  in  the  North  Interior  region  the  non-marine  Belly 
Kiver  formation  intervenes  between  the  Colorado  and  Montana  forma- 
tions, the  propriety  of  considering  the  two  latter  formations  as  sub- 
horizons  might  well  be  questioned.  In  any  case  paleontological  study 
of  these  two  subhorizons  should  always  be  prosecuted  with  direct  ref- 
erence to  all  other  portions  of  the  great  complex  Maritime  and  Interior 
horizon,  especially  to  the  lower  portion  of  the  CTpper  Cretaceous  series 
in  the  North  Mexican^ Texan,  Gulf  Border,  and  Atlantic  Border  regions. 
That  is,  a  large  proportion  of  the  species  constituting  the  iiiuna  of  this 
subhorizon  are  believed  to  be  geographically  distributed  in  all  those 
regions,  and  it  will  be  unsafe  to  assume  that  any  one  of  its  species  may 
not  be  found  in  more  than  one  district  within  which  strata  of  this  sub- 
horizon  occurs. 

Within  limited  districts  more  or  less  distinct  paleontological  stages 
are  recognizable  in  this  subhorizon,  such,  for  example,  as  those  of  Meek 
and  Hayden's  Fort  Benton  and  Niobrara  groups,  but  even  in  such  cases 
certain  species  may  be  expected  to  range  from  one  stage  to  another. 
Besides  this,  considerable  modifications  of  its  invertebrate  fauna  are 
observable  in  different  districts,  such,  for  example,  as  those  which  have 
been  noticed  as  occurring  in  Colorado  and  Utah.^ 

THE  MONTANA  SUBHORIZON. 

The  Montana,  like  the  Colorado  subhorizon,  is  physically  repre- 
sented by  a  single  great  formation  of  that  name,  which  has  been  dis- 
cussed on  preceding  pages.  As  in  the  case  of  the  Colorado  subhorizon, 
certain  stages  are  recognizable  in  portions  of  the  Montana  subhorizon, 
such,  for  example,  as  the  Fort  Pierre  and  Fox  Hill  stages,  which  were 
regarded  as  separate  formations  by  Meek  and  Hayden. 

Besides  this,  it  is  now  known  that  a  considerable  number  of  the  in- 
vertebrate species  of  fossils  which  characterize  this  subhorizon  occur 
in  the  upper  part  of  the  Upper  Cretaceous  series  in  the  North  Mex- 
ican, Texan,  Gulf  Border,  and  Atlantic  Border  regions.  Therefore,  the 
invertebrate  fauna  of  this  subhorizon  ought  always  to  be  studied  with 
direct  reference  to  that  of  those  formations. 

'  See  page  162. 
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In  some  respects  the  character  of  the  Belly  Kiver  formation  is  snch 
as  to  suggest  its  designatioa  as  a  separate  subhorizon,  bnt  too  litf I^  is 
yet  known  of  its  geographical  extent  and  of  that  of  its  assumed  eqniva- 
ients  to  enable  one  to  satisfactorily  define  the  physical  limits  of  a  sepa- 
rate subhorizon  that  shall  include  them.  The  Dunvegan  series,  while 
it  is  assumed  to  have  been  contemporaneous  with  the  Belly  Biver  for- 
mation, was  perhaps  deposited  in  a  separate  body  of  water.  Originally 
the  Belly  Biver  formation  proper  doubtless  had  a  large  geographical 
extent.  It  seems  to  occur  at  several  places  in  Montana^  as  well  as  at 
the  typical  localities  in  the  adjacent  part  of  British  America,  yet  little 
or  nothing  is  definitely  known  of  its  presence  at  intervening  localities. 

Besides  this  there  are  peculiar  difficulties  in  defining  this  subhorizon 
paleontologically,  mainly  because  so  considerable  a  number  of  Belly 
Biver  species  of  vertebrates,  invertebrates,  and  plants  have  been  recog- 
nized in  the  Laramie.  Therefore,  it  is  doubtful  whether  an  attempt  to 
recognize  these  deposits  as  constituting  a  separate  subhorizon  will  lead 
to  results  as  valuable  as  those  to  be  obtained  in  the  other  cases  referred 
to.  This  brief  reference  to  the  question  is,  however,  herewith  pre- 
sented, because  of  the  fact  that  the  Belly  Biver  formation,  where  it  is 
known  to  occur,  distinctly  separates  the  Colorado  and  Montana  sub- 
horizons  from  each  other,  as  has  been  already  shown. 

THE  liABAMIE  HORIZON. 

This  horizon  physically  consists  of  the  Laramie  formation  alone,  but 
it  is  probable  that  the  Denver  and  Arapaho  deposits  are  not  clearly 
separable  from  it  on  paleontological  ground.  Its  abundant  flora  has 
been  published  by  Profs.  Newberry,  Lesquereux,  and  Ward,  and  Sir 
J.  Wm.  Dawson ;  and  its  vertebrate  fauna  mainly  by  Profs.  Leidy, 
Cope,  and  Marsh.  Its  invertebrate  fauna  has  been  published  by  Mr. 
Meek,  Mr.  Whiteaves,  and  myself.  It  is  wholly  composed  of  such  forms 
as  either  characterize,  or  are  known  to  occur  in  brackish  and  fresli 
waters,  no  remains  of  forms  like  those  which  occur  only  in  the  open 
ocean  having  been  discovered  in  any  of  its  strata.  This  horizon  is 
therefore,  like  the  Potomac,  Kootanie,  and  Dakota  horizons,  a  non- 
marine  one ;  and  although  nearly  or  quite  as  distinct  in  its  charaeter 
as  any  of  the  horizons  herein  recognized,  it  is  held  to  represent  both 
the  close  of  Cretaceous  and  the  beginning  of  Tertiary  time. 

It  has  been  explained  on  preceding  pages  that  wherever  the  Lara- 
mie strata  have  been  found  resting  upon  the  uppermost  of  those  which 
belong  to  the  Maritime  and  Interior  horizon,  there  is  the  appearance 
not  only  of  strict  conformity,  but  of  vertical  continuity  of  sedimenta- 
tion also.  It  has  been  shown  that  in  consequence  of  this  intimate 
stratigraphical  relation  between  the  two  horizons  the  plane  of  separa- 
tion between  them  can  be  determined  only  by  means  of  invertebrate 

*See  page  17^ 
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fossils,  and  this  plane  has  been  designated  as  that  at  which  excln- 
sively  marine  forms  ceased,  and  brackish  water  forms  began  to  ap- 
pear. It  is  regarded  as  certain  that  some  of  the  characteristic  Lara- 
mie species  of  plants  and  of  air-breathing  vertebrates  began  their 
existence  before  the  beginning  of  the  Laramie  epoch  as  thns  physi- 
cally limited,  even  as  early  as  the  Belly  River  epoch.  Therefore  it  is 
likely  that  remains  of  certain  plants  and  of  vertebrate  species  are  to 
be  found  in  both  Montana  and  Laramie  strata,  but  tliis  fact  does  not 
make  the  lower  delimitation  of  the  Laramie  horizon  which  I  have 
adopted  an  unnatural  one,  for  it  has  never  yet  been  recognized  except 
in  contact  with  the  Montana  horizon.  My  reasons  for  selecting  this 
plane  of  separation  between  the  twor  horizons  are  based  upon  the  phys- 
ical changes  in  the  surrounding  portions  of  the  continent  which  the 
observed  stratigraphical  and  paleontological  conditions  imply.  It 
may  be  that  we  shall  yet  discover  the  physical  blending  of  the  Laramie 
and  Belly  River  formations,  in  which  case  the  foregoing  statement 
of  the  lower  delimitation  of  the  Laramie  horizon  will  not  be  applicable, 
but  this  does  not  affect  the  definiteness  of  that  delimitation  in  all  the 
cases  yet  known. 

The  Laramie  sea  is  understood  to  have  occupied  a  very  large  portion 
of  the  area  which  in  the  immediately  preceding  epoch  was  occupied  by 
the  marine  waters  in  which  the  Montana  formation  was  deposited,  and 
that  at  its  close  the  waters  of  the  Laramie  area  became  more  or  less 
completely  surrounded  by  land  resulting  from  an  elevation  of  sea  bottom 
above  water  level.  Its  waters  consequently  became  partially  freshened 
by  the  surrounding  surface  drainage,  producing  a  habitat  in  which  it 
was  impossible  for  true  marine  forms  to  live,  but  which  was  a  congenial 
one  for  those  whose  remains  we  find  there.  Thus  was  recorded  a  great 
physical,  as  well  as  a  great  biological,  event  in  the  geological  history 
of  the  continent,  our  estimate  of  the  importance  of  which  is  enhanced 
when  we  remember  how  great  was  the  geographical  area  over  which  it 
occurred. 

It  is  reasonable  to  assume  that  the  hc^bitat  of  many  of  the  vertebrate 
and  other  land  animals  which  existed  within  and  around  that  area  be- 
fore the  event  referred  to  occurred  was  not  made  Uncongenial  by  its  oc- 
cun*ence.  But  be  that  as  it  may,  the  strata  which  physically  constitute 
such  geological  horizons  as  I  have  defined  in  this  case  are  the  result  of 
sedimentation  in  great  bodies  of  water,  and  physical  changes  which 
altered  the  conditions  relating  to  those  bodies  of  water  and  materially 
affected  the  character  of  their  denizens,  were  leading  events  in  geolog- 
ical history.  As  such  they  are  more  properly  used  to  mark  its  subdi- 
visions than  are  those  which  have,  or  which  are  assumed  to  have,  only 
produced  certain  changes  in  land  faunas  and  floras. 

A  part  of  the  foregoing  remarks  have  special  reference  to  the  lower 
delimitation  of  the  Laramie  horizon  which,  so  far  as  it  is  yetknown,  has 
been  shown  to  be  clearly  definable  only  upon  paleontological  ground, 


264  THE   CRETACEOUS.  [BtJLL.tt 

and  apparently  only  by  means  of  invertebrate  fossils.  Its  npper  delim- 
itation is  nsnally  by  the  unconformity  of  overlying  formations  and  by 
a  material  change  in  the  character  of  its  invertebrate  fossils,  but  at 
certain  places  neither  of  these  two  conditions  are  complete.  That  is, 
at  certain  places,  which  have  been  mentioned  on  preceding  pages,  the 
immediately  overlying  fresh- water  Tertiary  strata  are  conformable  and 
vertically  continuous  with  those  of  the  Laramie,  and  a  few  of  the  fresh 
water  mollnscan  forms'  of  the  latter  pass  up  into  those  of  the  former  for- 
mation. In  such  cases  the  chosen  plane  of  separation  between  them  is 
that  upon  which  all  the  brackish  water  forms,  which  prevail  at  freqnent 
levels  in  the  Laramie,  finally  cease  to  appear,  which  plane  also  is  appar- 
ently identical  or  nearly  so,  with  the  upper  limit  of  the  range  of  dino- 
saurian  remains. 

As  has  already  been  intimated,  the  Denver  and  Arapaho  deposits 
perhaps  ought  to  be  referred  to  the  Laramie  horizon  upon  paleontologi- 
cal,  although  not  upon  structural,  grounds,  but  it  does  not  follow  that 
the  Pnerco  beds  ought  to  be  so  referred,  although  Prof.  Cope  assigns 
them  to  the  Cretaceous  system.  These  beds,  as  well  as  the  Denver 
and  Arapaho  deposits,  are  of  comparatively  small  geographical  extent, 
and  they  therefore  can  not  be  profitably  discussed  as  constituting 
separate  horizons.  The  Laramie  strata  therefore  constitute  the  latest 
horizon  which  will  be  defined  as  belonging  to  the  series  of  Upper  Cre- 
taceous formations  in  the  great  interior  portion  of  the  continent. 

Although  much  is  known  concerning  the  strata  which  constitute  the 
Laramie  horizon,  the  limits  of  the  great  area  which  it  occupies,  and 
those  which  distinguish  it  from  underlying  and  overlying  formations 
have  not,  as  a  rule,  been  well  defined  by  the  field  geologists  who  have 
reported  upon  the  regions  in  which  its  strata  occur.  It  is  true  that 
the  Canadian  geologists  have  defined  with  considerable  clearness  that 
part  of  the  Laramie  horizon  which  lies  within  their  domain,  but  in 
many  of  the  reports  which  have  been  made  upon  that  part  of  the 
United  States  within  which  the  horizon  occurs  the  lack  of  discrimina- 
tion in  the  matter  referred  to  is  especially  noticeable.  These  omissions 
have  much  retarded  the  acquirement  of  a  comprehensive  knowledge  of 
one  of  the  most  interesting  phases  in  the  geological  history  of  the  North 
American  continent* 

THE  CHICO-T]6jON  HORIZON. 

It  has  been  shown  that  although  the  Laramie  horizon  is  pnleontolog- 
ically  an  indivisible  one  it  represents  both  the  close  of  Cretaceous  and 
the  beginning  of  Tertiary  time.  A  similar  statement  may  be  made  con- 
cerning the  Chico-T6jon  horizon,  and  with  even  greater  force  because 
the  evidence  is  clearer  and  more  abundant. 

This  horizon  is  physically  represented  by  the  Chico-Tdjon  series  of 
strata  as  they  are  developed  in  California,  and  by  its  equivalents  in 
Oregon,  Washington^  and  British  Columbia.    It  comprises  all  the 
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Upper  Cretaceous  deposits  of  the  Pacific  Bonier  region  with  the  prob- 
able exception  of  the  strata  which  have  been  designated  as  the  Wallala 
group/  and  the  possible  exception  of  the  upper  members  of  the  Queen 
Gharlotte  Islands  series.  The  strata  constituting  theOhico-Tejon  series 
have  been  discussed  on  preceding  pages,  where  it  is  shown  that,  with 
unimportant  exceptions,  they  are  all  of  marine  origin,  but  these  excep- 
tions show  only  local  breaks  in  the  direct  succession  of  marine  deposits 
which  was  complete  elsewhere. 

Among  these  strata  at  different  localities  continuity  of  deposition  and 
unbroken  faunal  succession  may  be  traced  from  the  base  to  the  top  of 
the  series,  although  the  observations  must  be  made  at  favorable  locali- 
ties, owing  to  the  great  disturbance  that  all  the  strata  have  suffered. 
This  shows  that  the  whole  series  was  all  deposited  in  a  comparatively 
undisturbed  marine  area,  and  the  chanicter  of  its  fossil  fauna  plainly 
indicates  the  Cretaceous  age  ftf  its  lower,  and  the  Tertiary  age  of  its 
upi^r,  portion. 

The  presence  of  important  coal  beds  in  this  series  indicates  that  an 
abundant  flora  existed  during  the  time  of  its  deposition,  but  few  clas- 
sifiable remains  of  it  have  yet  been  found  except  in  those  strata  which 
occur  on  Vancouver  Island.  Few  or  no  vertebrate  remains  have  been 
discovered  in  its  strata,  although  it  can  not  be  doubted  that  an  abun- 
dant vertebrate  fauna  existed  while  they  were  deposited.  We  are 
therefore  now  under  the  necessity  of  relying  upon  iuvertebrate  fossils 
for  the  paleontological  characterization  of  the  horizon.  ^ 

The  invertebrate  fauna  of  this  horizon  is  so  varied  and  abundant,  and 
so  dift'erent  from  that  of  the  Tertiary  strata  which  overlie  and  the  Cre- 
taceous strata  which  underlie  it,  that  little  diflBculty  need  be  experienced 
in  its  identification.  Such  a  difficulty  is  still  further  obviated  by  the 
geographical  separateness  of  the  strata  of  this  horizon  from  all  others 
which  were  presumably  contemporaneous  with  them,  and  by  the  faunal 
difference  between  the  latter  strata  and  those  which  physically  consti- 
tute this  horizon.' 

The  geogrnphioal  area  which  the  Chico-Tdjon  horizon  originally  occu- 
pied was  very  long,  but  comparatively  narrow.  Its  present  known 
northern  and  southern  limits  are  fully  1,000  miles  apart,  but  with  the 
exception  of  a  limited  area  in  Oregon  ^  its  strata  have  not  been  discov- 
ered east  of  the  Sierra  Nevada,  or  of  the  Cascade  Mountains. 

GREAT  DISPLACEMENTS  OF,  AND  VOLCANIC  MATERIAL  IN,  THE 

NORTH  AMERICAN  CRETACEOUS. 

The  Cretaceous  strata  of  the  continent  have  suffered  important  dis- 
placements which  occurred  at  different  epochs  of  Cretaceous  time,  be- 
sides those  which  occurred  at  and  after  its  close.  The  results  of  these 
displacements  affecting  the  questions  concerning  correlation  which  are 
discussed  in  this  memoir,  are  especially  noticeable  among  the  Lower 


>  See  iMkge  192.  *  Sco  page  190.  «  ^iiftft  ^^a^U^'SSMC 
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Crctnceons  horizons  as  they  have  been  deftne4l  on  preceding:  pag^s. 
That  is,  they  have  resulted  in  the  nearly  or  qaite  complete  geo<2rraphical 
isolation  of  those  horizons  from  one  another,  while  the  Upper  Cretaceous 
formations  have  not  been  thus  isolated,  but  have  all  been  equally  in- 
volved in  the  great  post-Cretaceous  displacements.  It  is  at  present  im- 
practicable to  discnss  these  displacements  and  the  phases  of  continental 
history  with  which  they  were  connected,  but  it  is  to  be  expecte<l  that  a 
careful  general  study  of  them  will  throw  much  light  upon  the  taxonomic 
relation  to  one  another  of  the  different  Lower  Cretaceous  horizons, which 
in  all  cases  is  now  more  or  less  obscure. 

It  is  well  known  that  immense  outflows  of  volcanic  material  took 
place  in  many  and  widely  separated  districts  after  the  close  of  Creta- 
ceous time;  that  this  material  was  erupted  through  the  Cretaceous  for- 
mations, and  that  in  many  cases  it  covered  the  later  Cretaceous  strata 
over  great  areas.  It  is  also  true  that#much  volcanic  material  was 
erupted  at  various  intervals  between  the  opening  and  close  of  the  Cre- 
taceous time,  and  that  much  of  this  material  is  found  in  approximately 
horizontal  beds  alternating  with  sedimentary  Cretaceous  strata.  It  is 
probable  that  a  comprehensive  investigation  of  these  last  mentioned 
phenomena  would  afford  some  aid  in  an  attempt  to  correlate  with  one 
another  the  horizons  of  the  Lower  Cretaceous.  Too  little  is  yet  known 
upon  this  subject,  however,  to  allow  of  its  satisfs^ctory  discussion  in 
this  memoir,  but  a  considerable  number  of  publications,  mainly  the 
work  of  Canadian  geologists,  contain  accounts  of  or  reference  to  the 
most  that  is  now  known  upon  this  subject.^  Evidence  of  such  outflows 
seems  to  be  abundant  in  the  Cordillera  belt  north  of  the  forty-ninth 
pinrallel  of  north  latitude,  where  such  rocks  form  great  intercalations 
among  Cretaceous  deposits.  Similar  intercalations  have  also  been 
observed  in  Montana  and  elsewhere. 


>  See  Aon.  Rep.  Geol.  Snrv.  Carada  for  l8«0-'82,  part 2,  p.  2  B.  lb.  for  1882-'84,  p.  109  O.  lb.  for  188.5,  pp, 
184-106  B.  lb.  for  ]876-*77,  p.  90.  lb.  for  1878-79.  p.  60  B.  et  seq.  Geol.  Mag.,  LoudoD,  vol  4^  decacle  2. 
lb.  ToL  8,  decade  2.    Also  Bailey  Willis,  Tenth  U.  S.  Censas,  vol.  15,  p.  768. 
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EXPLANATION  OF  THE  MAP. 

The  following  map  is  intended  to  sliow  by  means  of  the  color 
applied  to  it  the  areas  within  and  the  localities  at  which  those  rocks 
appear  at  the  surface  which  have  been  discntised  apon  preceding  pages, 
all  other  parts  of  the  map  being  left  uncolored.  The  vertical  r«nge  of 
the  strata  thus  represented  embraces  not  only  those  the  Cretaceous  age 
of  which  has  never  been  qnestioned,  bat  those  groups  which  have  been 
recognized  as  lying  at  the  base  and  top  respectively  of  the  Cretaceous 
system,  concerning  which  there  exists  a  difference  of  opinion  as  to  their 
true  geological  age.  Thus  the  color  upon  the  map  represents  not  only 
the  areas  occupied  by  the  fully  characteristic  Cretaceous  formations, 
but  those  within  which  the  Potomac,  Tuscaloosa,  and  Trinity  forma- 
tions occur  on  the  one  hand,  and  the  Laramie,  Tcyon,  and  Puget  forma- 
tions, etc.,  on  the  other.  The  size  of  the  map  is  too  small  to  allow  such 
a  modification  of  the  color  as  would  show  a  distinction  between  those 
doubtful  formations  and  the  others,  even  if  we  were  able  to  point  them 
out,  and  too  small  also  to  admit  of  any  such  distinction  between  the 
separate  formations,  or  even  between  the  Upper  and  Lower  Cretaceous. 
Therefore  only  one  color  is  used. 

Although  the  colored  spaces  upon  the  map  indicate  only  those  areas 
where  the  Cretaceous  rocks  are  found  at  the  surftxce  or  immediately 
beneath  the  soil,  those  rocks  without  doubt  extend  beneath  other  forma- 
tions within  adjacent  areas,  some  of  which  areas  are  perhaps  as  great 
as  some  of  those  within  which  they  are  visible;  but  it  is  of  course 
impracticable  to  represent  even  approximately  the  areas  occupied  by 
those  hidden  deposits.  Again,  it  cannot  be  questioned  that  Cretaceous 
deposits  once  occupied  large  areas  where  they  do  not  now  exist,  because 
they  have  been  removed  by  erosion. 

It  will  thus  be  seen  that  the  outlines  of  the  present  areas  within  which 
Cretaceous  deposits  are  known  to  occupy  the  surface  bear  no  necessary 
relation  to  those  of  the  areas  within  which  they  were  originally  depos- 
ited. These  outlines  are  necessarily  only  approximately  correct,  be- 
cause of  the  small  size  of  the  map  and  also  because  of  the  incomplete- 
ness of  the  details  of  the  surveys  that  have  been  made  of  many  of  those 
areas.  This  is  especially  true  of  the  small  ai'eas  or  localities  which  are 
represented  by  mere  dots,  for  even  the  size  of  those  dots  are  exaggera- 
tions of  the  real  areas  they  are  intended  to  represent.  Therefore  the 
principal  use  of  this  map  will  be  to  indicate  in  a  general  way  the  parts 
of  the  continent  in  which  occur  the  strata  that  are  discussed  in  this 
memoir. 
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The  aourcea  from  which  the  infornifitinn  coiieerninp:  the  oatlines  of 
those  areas  has  been  derived  are  the  various  reports  which  have  been 
qnoted  in  their  discussion,  the  geological  maps  of  the  United  States  by 
Mr.  McGee  and  Prof.  0.  H.  Hitchcock,  respectively,  personal  observa- 
tion, and  information  personally  coiuniunicated  by  different  geologists. 
Among  the  latter  are  Dr.  George  M.  Dawson,  to  whom  I  am  indebted 
for  information  concerning  portions  of  the  Dominion  of  Canada,  Dr. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Geological  Subvet, 

DlYIBION  OP  GeOLOGHO  CORRELATION, 

Washington^  D.  0.,  June  1,  1891. 

SiB:  I  have  the  honor  to  transmit  herewith  an  essay  by  Dr.  William 
B.  Clark  on  the  Eocene  of  the  United  States,  prepared  for  publication 
as  a  balletin. 

The  Division  of  Geologic  Correlation  was  created  for  the  pnrpose 
of  summarizing  existing  knowledge  with  reference  to  the  geologic 
formations  of  North  America,  and  especially  of  the  United  States;  of 
discussing  the  correlation  of  the  formations  found  in  different  parts  of 
the  country  with  one  another,  and  with  formations  in  other  countries; 
and  of  discussing  the  principles  of  geologic  correlation  in  the  light  of 
American  phenomena.  The  formations  of  each  geologic  period  were 
assigned  to  some  student  already  well  acquainted  with  them,  and  it 
was  arranged  that  he  should  expand  his  knowledge  by  study  of  the 
lit.erature  and  by  field  examination  of  classic  localities,  and  embody  his 
results  in  an  essay.  The  general  plan  of  the  work  has  been  set  foith 
on  page  16  of  the  Ninth  Annual  Report  of  the  Survey,  and  on  i)ages 
108  to  113  of  the  Tenth  Annual  Report,  as  well  as  in  a  letter  of  trans- 
mittal to  Bulletin  No.  80  of  the  Survey. 

The  present  essay  is  the  fourth  of  a  series  resulting  from  this  work. 
The  first,  prepared  by  Prof.  Henry  S.  Williams,  pertains  to  the  foima- 
lions  of  the  Carboniferous  and  Devonian  periods,  and  constitutes  Bul- 
letin No.  80 ;  the  second,  prepared  by  Mr.  C.  D.  Walcott,  pertains  to 
the  formations  of  the  Cambrian,  and  constitutes  Bulletin  No.  81;  the 
third,  prepared  by  Dr.  O.  A.  White,  pertains  to  the  formations  of  the 
Cretaceous,  and  constitutes  Bulletin  No.  82.  The  present  essay  is 
closely  related  to  the  one  which  follows  it  in  the  series,  an  essay  by  Dr. 
'William  H.  Dall  on  the  formations  of  the  Neocene,  Bulletin  No.  84. 

Dr.  Clark  has  devoted  himself  chiefly  to  the  correlation  and  system- 
atic presentation  of  published  material  and  opinions  bearing  on  corre- 
lation of  the  formations  of  the  Bocene.  He  finds  that  the  marine 
faunas  of  the  Atlantic  and  Gulf  coasts  permit  a  separation  of  the 
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Eocene  as  a  whole  from  formatioDB  belonging:  to  earlier  anil  later  periods 
with  a  high  degree  of  confidence,- but  that  with  present  evidence  the 
line«  of  separation  are  not  sharply  drawn  among  the  marine  and  fresh- 
water formations  of  the  Pacific  Ooast  and  the  Interior  region.  The 
correlation  of  the  individual  formations  one  with  another  has  not  yet 
been  satisfactorily  made  throughout  the  Atlantic  and  Oulf  Ck>ast,  con- 
stituting the  district  best  known,  and  still  less  has  this  been  found 
practicable  when  comparison  is  extended  to  the  Interior  and  Pacifio 
regions. 

Very  respeotfally,  yoor  obedi^it  servant, 

Oeologiat  in  Charge. 
Hon.  J.  W.  Powell, 

Direetarm 


OUTLINE  OF  THIS  PAPER. 


This  essay  comprises^  first,  a  general  discassion  of  the  limitations  of 
the  term  Eocene  as  employed  in  American  geology.  The  two-fold  char- 
acter of  the  Tertiary  (1.  Eocene,  2.  I^ eocene)  in  America  is  insisted  on. 

After  a  somewhat  extended  review  of  the  literature,  in  which  the 
yarions  opinions  npon  disputed  points  are  especially  considered,  a  gen- 
eral stndy  of  the  stratigraphical,  paleontological,  and  topographical 
characteristics  of  the  Eocene  in  the  varioas  portions  of  the  country 
is  undertaken. 

A  division  of  the  Eocene  of  the  United  States  into  three  distinct 
regions  is  made — 

1.  Atlantic  and  Gulf  Coast  region. 

2.  Pacific  Coast  region. 

3.  Interior  region. 

Following  a  study  of  the  stratigraphical  relations  of  the  Eocene  of 
the  Atlantic  and  Gulf  Coast  region,  an  attempt  is  made  to  correlate 
the  very  diverse  formations  of  this  great  area.  Four  provinces  are  pro- 
visionally established  (1.  New  Jersey  province,  2.  Maryland-Virginia 
province,  3.  Carolina-Georgia  province,  4.  Gulf  province),  though 
fuller  knowledge  may  break  down  their  bounds.  The  general  simi- 
larity of  the  deposits  and  their  fossils  to  extra- American  Eocene  is 
shown,  but  detailed  correlation  is  uot  considered  feasible. 

The  meager  knowledge  of  the  Pacific  Coast  Eocene  precludes  any 
general  discussion  of  the  stratigraphical  and  paleontological  relations 
of  that  horizon.  The  local  peculiarities,  shown  both  in  fossils  and  de- 
posits, are  referred  to,  and  the  close  relationship  existing  between  the 
Eocene  and  Cretaceous  is  dwelt  upon.  Their  separation  is  a  matter 
of  some  uncertainty  with  our  present  information.  Certain  points  of 
identity  with  Eocene  deposits  elsewhere  are  mentioned.  Two  groups 
of  strata  are  recognized,  one  marine  (Tejon  group),  the  other  brackish 
(Puget  group). 

The  remarkable  conditions  under  which  the  deposits  of  the  Interior 
region  were  accumulated  and  the  interesting  fauna  and  flora  that  they 
afford  are  fully  discussed  in  the  final  division  of  the  essay.    The  Lara- 
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mie  problem,  altbongh  more  fally  presented  bj  Dr.  White  in  his  paper 
upon  the  Oretaceons,  is  bere  referred  to,  and  facts  are  given  to  sbow 
that  the  Laramie  is  probably  in  part  Eocene.  The  conflict  between  the 
evidence  afforded  by  animals  and  plants  is  stated  and  the  consequent, 
hindrance  to  satisfactory  correlation  is  shown.  The  general  relations 
of  the  fauna  and  flora  of  the  Eocene  of  the  Interior  to  that  of  other 
regions  is  pointed  ont,  thongh  no  attempt  is  made  at  a  detailed  oorre- 
lation  of  its  various  members. 

In  conclusion,  an  alphabetical  list  of  the  leading  articles  upon  the 
Eocene  of  the  United  States  is  presented* 


PRBPAOB. 


The  present  report  is  one  of  a  series  of  essays  in  which,  as  anthorized 
by  the  Director,  ^<  existing  data  affecting  the  problems  of  American 
geologic  nomenclature  should  be  collected  and  discnssed."  The  division 
of  the  work  assigned  to  the  writer  embraces  that  portion  of  the  Amer- 
ican geological  column  designated  as  the  ^^  Eocene."  As  the  limits  to 
be  assigned  to  this  horizon  have  been  variously  determined  by  different 
geologists,  the  discussion  of  its  delimitation  forms  an  important  feature 
of  the  essay.  Furthermore,  the  divisions  into  which  the  Eocene  has 
been  separated  have  each  received  many  different  names  and  bounda- 
ries, and  have  been  variously  correlated  by  those  who  have  examined 
the  different  areas  of  their  occurrence  or  who  have  employed  one  or  the 
other  of  the  various  classes  of  paleontological  data  that  the  deposits 
afford. 

That  a  wide  variance  in  the  opinions  of  geologists  upon  Eocene  stra- 
tigraphy should  prevail  is  not  surprising,  but  oftentimes  the  extreme 
meagerness  of  obtainable  information  on  important  points  renders  a 
critical  comparison  of  their  views  impossible.  At  every  point  the  in- 
sufficiency of  existing  knowledge  has  been  forcibly  shown  as  the  inves- 
tigation has  proceeded. 

In  the  preparation  of  the  essay  I  have  been  necessarily  guided  largely 
by  the  published  opinions  of  others,  which  I  have  endeavored,  as  far 
as  possible,  to  arrange  logically  and  correlate  with  one  another. 

Although  the  facts  employed  have  thus  been,  in  the  main,  acquired 
from  the  literature,  I  have  nevertheless  had  an  opportunity  of  personally 
examining  extensive  areas  of  the  Atlantic  Coast  region  from  New  Jersey 
to  Georgia,  together  with  the  more  typical  localities  of  the  Interior. 
As  the  object  of  the  report,  however,  is  to  present  a  summary  of  exist- 
ing knowledge  rather  than  to  give  the  results  of  original  research,  the 
investigations  made  have  had  largely  for  their  aim  the  acquirement  of 
a  general  acquaintance  with  the  leading  features  of  Eocene  strati- 
graphy and  the  possible  reconciliation  of  conflicting  statements. 

I  wish  especially  to  thank  Dr.  O.  A.  White,  of  the  U.  S.  Geological 
Survey,  for  many  valuable  suggestions  that  have  been  kindly  given 
during  the  preparation  of  this  report.  Thanks  are  likewise  due  to  Dr. 
Whitman  Gross,  and  Dr.  W.  H.  Dall  for  much  important  information. 
Of  special  value  in  the  preparation  of  this  essay  has  been  Pro£  Heil« 
priu's  ^<  Oontributions  to  the  Tertiary  Geology  and  Paleontology  of  the 
United  States,"  from  which  frequent  quotations  have  been  made. 


THE  EOCENE  OF  THE  UNITED  STATES. 


By  William  B.  Glabk. 


INTRODUCTION. 

The  Eocene  of  the  United  States  is  widely  represented  both  in  the 
Coastal  and  the  Interior  portions  of  the  country.  Formed  in  the  several 
areas  under  very  different  conditions,  it  exhibits  clearly  defined  dis- 
similarities in  stiiicture  and  in  fossils.  Marine  and  brackish-water 
strata,  with  their  attendant  lithological  and  paleontological  charac- 
teristics, by  which  the  presence  or  close  proximity  of  the  open  sea  is 
attested,  prevail  generally  throughout  the  Ooastal  regions.  In  the 
Interior,  on  the  other  hand,  the  sediments  were  deposited  in  great  fresh- 
water lakes,  that  admitted  of  the  accumulation  of  beds  that  equal  or 
surpass  in  extent  those  of  the  ocean  border,  and  in  which  are  entombed 
the  remains  of  lacustrine  life.  A  natural  division,  therefore,  of  the 
Eocene  deposits  into  a  Ooastal  Province  and  an  Interior  Province  may 
be  made.  Furthermore,  the  coast  regions  of  the  Atlantic  and  Pacific 
borders  are  so  clearly  limited  geographically,  and  at  the  same  time  pre- 
sent such  widely  varying  stratigraphical  relations  and  fossil  remains, 
that  they  merit  separate  consideration. 

On  stratigraphical  and  geographical  grounds,  then,  the  Eocene  of  the 
United  States  will  be  treated  in  the  succeeding  portions  of  this  paper 
under  the  three  divisions  above  outlined : 

I.  The  Atlantic  and  Oulf  Ooast  region. 
II.  The  Pacific  Ooast  region. 
IIL  The  Interior  region. 

Before  proceeding  further  with  their  consideration  it  becomes  neces- 
sary to  outline,  in  a  general  way,  the  limits  of  the  term  Eocene  as  em- 
ployed in  the  present  essay.  As  one  of  the  eleven  dassificatory  units 
established  by  the  U.  S.  Geological  Survey  to  designate  the  several 
time  periods  in  American  geological  history,  it  has  equal  value  with  the 
terms  Cretaceous  and  Neocene,  the  names  adopted  for  the  preceding 
and  succeeding  divisions,  respectively.  Together  with  the  Neocene,  it 
constitutes  what  is  frequently  denominated  the  Tertiary,  and  individu- 
ally includes  those  deposits  that  have  beenMth<ectA4»&l(sc!^^^^^s^^^s&.^^ 
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lean  literature  as  Eocene  and  Oligocene.  These  latter  terms,  as  indi- 
cating divisions  of  the  lower  Tertiary,  have  no  place  in  the  nomencla- 
tirre  of  American  geology,  however  applicable  they  may  be  found  for 
European  formations.  The  Tertiary  strata  of  America,  on  both  strati- 
graphical  and  paleontological  grounds,  may  be  best  divided  into  two 
groups.  The  term  Eocene,  which  is  retained  as  equivalent  to  Lower 
Tertiary,  may  or  may  not  coincide  with  the  division  so  designated  by 
European  geologists. 

The  attempt  at  a  detailed  correlation  of  American  formations  with 
European,  so  often  made  in  the  past  on  insufficient  data,  is  greatly  to 
be  deprecated.  The  Tertiary  strata  of  America,  deposited  under  con- 
ditions peculiar  to  themselves,  merit  consideration  upon  those  charac- 
teristics rather  than  upon  features  typical  for  other  and  far  distant 
regions.  Certainly  not  until  the  strata  have  been  much  more  exhaust- 
ively studied  will  it  be  possible  even  to  approximate  to  an  accurate 
correlation  of  the  leading  divisions  of  the  American  Tertiary  with  those 
of  other  lands. 

In  the  treatment  of  the  subject  in  the  pages  of  this  paper  the  Eocene, 
so  far  as  practicable,  will  be  separated  into  three  divisions :  (1)  Lower. 
(2)  Middle.  (3)  Upper.  Althoughinmany  localities  too  little  is  known 
of  the  deposits,  due  to  the  partial  representation  of  the  series,  to  make 
an  accurate  determination  possible,  yet  where  best  developed  a  triple 
division  is  the  most  natural. 

More  complete  observations  will  doubtless  clear  up  many  points  that 
are  now  obscure,  and  enable  a  correlation  to  be  made  of  dissimilar  de- 
posits in  contiguous  areas  that  at  present  defy  comparison.  Until 
such  exhaustive  investigations  have  been  made  many  discrepancies  in 
our  knowledge  of  American  Tertiary  geology  must  continue  to  exist. 


ATLANTIC  AND  GULP  COAST  REGION. 
PBELIMINABY  REMARKS. 

The  Atlantic  and  Galf  Goant  region,  as  regards  its  geographical  ex- 
tent, its  stratigraphical  diversity,  and  its  copious  literature  far  exceeds 
in  importance  the  other  Eocene  areas.  It  stretches  as  an  almost  con- 
tinuous belt  along  our  eastern  coast  from  New  Jersey  to  Texas,  and 
has  been  variously  considered  in  official  reports  of  the  several  States 
and  in  numerous  articles  scattered  through  scientific  journals.  Wide 
dilierences  of  opinion  have  prevailed  among  the  various  writers,  as 
regards  the  geographical  and  stratigraphical  limits  of  the  Eocene,  as 
will  be  set  forth  in  the  historical  sketch. 

In  the  following  pages  the  stratigraphical  relations  of  the  Eocene 
are  discussed  in  considerable  detail,  and  the  leading  sections  for  each 
State  given  with  their  typical  fossils.  The  topographical  characteris- 
tics, although  greatly  modified  by  later  deposits,  are  yet  sufficiently 
distinctive  in  many  instances  to  demand  attention. 

An  extended  correlation  of  the  Eocene  deposits  of  the  Atlantic  and 
Gulf  Coast  region  is  generally  unsatisfactory,  although  a  more  or  less 
accurate  reference  of  the  strata  to  a  relative  position  in  the  series  may 
usually  be  made. 

The  fauna,  in  different  i>ortion8  of  the  area,  shows  marked  variations, 
:>ut  is  as  yet  too  imperfectly  understood  to  warrant  a  division  of  the 
Atlantic  and  Gulf  Coast  region  into  established  provinces.  A  provis- 
ional separation  is,  however,  attempted.  When  further  correlation  is 
made  by  comparison  with  European  formations  the  task  is  still  more 
difficult  and  the  results  of  correspondingly  less  value.  To  each  of  these 
subjects  a  special  chapter  will  be  devoted. 

HISTORICAL  SKETCH. 

The  earlier  writers  upon  the  geology  of  the  North  American  continent 
dwelt  exclusively  upon  the  general  relations  of  the  strata,  and  included 
the  entire  Upper  Mesozoic  and  Cenozoic  series  of  the  coastal  plain  in 
the  ^^  alluvial  formation."  Later  others,  whose  personal  investigations  or 
study  had  extended  to  an  examination  of  the  geology  of  foreign  lands, 
endeavored  to  correlate  upon  lithological  grounds  the  various  forma- 
tions of  the  coastal  area  with  the  minuter  divisions  established  in 
Europe.  Recognizing  the  futility  of  such  detailed  correlation  before 
a  knowledge  of  the  fossils  of  the  several  horizons  had  been  acquired, 
Conrad,  Morton,  Say,  Lea,  and  others  proceeded  with  marked  industry 
BuU.  83 2  >^ 
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to  describe  the  rich  fauna  that  the  deposits  afforded.  Based  apon  this 
work,  many  important  papers  appeared,  dealing  either  with  the  rela- 
tions of  loeal  deposits  or  the  general  features  of  the  entire  coastal 
region.  The  State  geological  sarveys,  during  the  same  time,  made 
more  or  less  complete  examinations  of  their  respective  territories,  pre- 
senting us  with  data  relating  to  the  stratigraphy.  In  short.,  during  the 
last  half  century  the  activity  displayed  in  every  other  field  of  American 
geology  has  not  been  wanting  in  this,  the  eastern  Tertiary  belt,  if  the 
numerous  publications  are  a  criterion.  Unfortunately,  the  results  as 
a  whole  have  not  been  as  valuable  as  in  many  other  lines  of  investi- 
gation, although  many  marked  exceptions  might  be  cited. 

In  the  historical  sketch  that  follows  the  leading  articles  and  reports 
bearing  upon  the  different  epochs  in  the  evolution  of  our  knowledge  of 
the  Eocene  will  be  considered,  though  much  of  value  must  of  necessity 
be  hurriedly  passed  over. 

Tbe  first  important  contribution  appeared  in  1809,  when  William 
Maclure^  read  before  the  American  Philosophical  Society  at  Philadel- 
phia, his  *^  Observations  on  the  (Geology  of  the  United  States,"  in  which 
the  entire  coastal  plain  is  referred  to  the  alluvial  formation,  the  fourth 
of  the  grand  divisions  of  the  geological  column  according  to  the  Wer- 
nerian  classification  which  Maclure  adopted.  The  general  limits  of  the 
region  are  given,  and  the  shell  deposits,  limestone,  and  buhrstone  are 
referred  to,  although  it  is  evident  that  the  author  was  ignorant  of  their 
stratigraphical  position  or  taxonomic  importance.  Maclure  subse- 
quently revised  and  enlarged  the  work,  which  appeared  in  book  form' 
in  1817,  and  in  the  Transactions  of  the  American  Philosophical  Society 
for  the  same  year.' 

A  few  years  subsequent  to  the  appearance  of  Maclure's  articles  H. 
H.  Hayden  published  a  volume  of  ^'  Geological  Essays  "  (1820)  in  which 
an  explanation  is  given  of  the  great  accumulation  of  ^^  alluvial  deposits" 
in  the  eastern  and  southern  portions  of  the  United  States,  and  the 
stratigraphy  of  the  region  is  described  in  much  greater  detail  than  by 
his  predecessor.  Reference  is  made  to  the  wide  distribution  of  fossil 
shells,  and  vertebrate  remains,  and  many  localities  are  cited. 

A  second  work  of  the  same  general  character,  so  far  as  it  relates  to 
the  geology,  was  published  in  1822,  by  Parker  Cleveland,  entitled  ''An 
Elementary  Treatise  on  Mineralogy  and  Gtoology,"  in  which,  on  page 
785,  under  '<  Remarks  on  the  Geology  of  the  United  States  Explanatory 
of  the  Subjoined  Geological  Map,"  the  author  defines  the  limits  of  the 
^^  alluvial  deposits,"  and  in  general  terms  describes  their  lithological 
character. 


>  Am.  Phil.  Soo.  Tnttis.,ToL  (1^1809,  pp.  411-428.  A  UanslatJon  appeared  in  the  Jonnial  de  Fh;^ 
aique,  yoL  09, 1809,  pp.  204-213,  and  VoL  72, 1811,  pp.  1S7-186. 

'Observations  on  the  Geology  of  the  United  States  of  Amerioa^  eto.  By  William  liadore,  Phila- 
delphia, 1817,  8vo.,  180  pp. 

*  Am.  Phil.  Soo.  Xnuia.,  aew  ear.,  toL  1, 1817,  pp.  1-48.  Alao  Leonard's  ZoitsohriA,  Band  1, 1820^  pp. 
124-1881 
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Before  the  publication  of  the  latter  work,  articles  descriptive  of  local 
points  iu  the  stratigraphy  had  appeared,  chiefly  as  communications  to 
the  American  Journal  of  Science  and  Arts.^  Of  importance  amoug 
these  is  a  paper  by  Elias  Cornelius  in  which  the  limits  of  the  alluvial 
formation  of  the  Mississippi  are  outlined  and  potent  reasons  given  for 
its  extension  beyond  the  boundaries  assigned  by  Maclure. 

Samuel  Akerly,  in  an  essay  published  in  New  York  in  1820,  discusses 
the  ^^  alluvial  deposits "  of  northern  New  Jersey.  In  this  paper  the 
marl  beds,  together  with  some  of  their  fossils,  are  described,  but  no 
evidence  is  adduced  that  the  author  recognized  their  taxonomic  posi- 
tion. 

In  volume  3  of  the  American  Journal  of  Science  two  articles  appeared : 
The  first  by  John  Dickson,'  on  the  geology  of  parts  of  North  and  South 
Garolina ;  the  second  by  Dr.  Troost,^  on  the  stratigraphy  of  the  region 
about  the  Magothy  Biver,  Anne  Arundel  County,  Maryland. 

James  Pierce,  in  a  "  Notice  of  the  Alluvial  District  of  New  Jersey,''* 
published  in  1823,  describes  the  marl  deposits  of  Monmouth  County. 

By  far  the  most  important  contribution  to  the  stratigraphy  of  the 
coastal  plain  that  had  up  to  that  time  appeared  was  made  by  Prof. 
John  Finch  in  a  *^  Geological  Essay  on  the  Tertiary  Formations  in 
America^''^  in  the  American  Journal  of  Science  and  Arts  for  1824.  This 
was  the  first  attempt  at  a  correlation  of  the  deposits  of  the  coastal 
plain  on  scientific  grounds,  and  although  thus  early  in  the  history  of 
the  subject,  minute  comparisons,  which  are  always  unsatisfactory,  were 
made,  yet  the  knowledge  of  American  Tertiary  formations  was  mate- 
rially advanced.    The  author  says : 

In  America  an  immense  tract  of  country,  extending  from  Long  Island  to  the  Sea  of 
Mexico,  and  from  30  to  200  miles  iu  width,  is  called  an  allnvial  formation.  From  an 
examination  of  fossils  brought  from  that  quarter  of  the  United  States,  from  a  per- 
sonal inspection  of  some  of  its  strata,  and  the  perusal  of  most  of  the  publications 
which  bear  a  reference  to  it,  I  wish  to  suggest  that  what  is  termed  the  alluvial  for- 
mation in  the  geological  maps  of  Messrs.  Maclure  and  Cleveland  is  identical  and 
contemporaneous  with  the  newer  Secondary  and  Tertiary  formations  of  France,  Eng- 
land, Spain,  Germany,  It<aly,  Hungary,  Poland,  Iceland,  Egypt,  and  Hindostan. 

The  deposits,  which  will  be  discussed  in  a  later  portion  of  this  report, 
as  exhibited  in  New  Jersey,  Maryland,  on  the  James  Biver,  Virginia,  on 
the  Santee  River  and  at  Orangeburg,  South  Carolina,  at  Shell  Blufif,  on 
the  Savannah  Biver  in  Georgia,  and  at  numerous  localities  in  Alabama 
and  Mississippi  are  considered  in  greater  or  less  detail,  and  an 
attempted  correlation  made  with  one  another  and  with  European  strata. 
In  short,  the  author  states  that — 

Many  more  instances  might  be  advanced  to  establish  the  identity  of  what  has  been 
oaUed  the  alluvial  district  in  America  with  the  Tertiary  formation  of  England  and 

I  Am.  Joar.  SoL.voLl,  181»,pp.214-2a6kS17-88L 

*  Ibid.,  ToL  3, 1821,  pp.  1-5. 
•Ibid.,  ToL  3, 1821,  pp.  8-15. 

•  Ibid..  ToL  6»  1823,  pp.  237-242. 
■Ibid.,  VOL  7, 1824,  pp.  81-tt» 
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the  continent  of  Eorope.  The  fossil  shells  from  the  varions  beds  wonld  not^  perhaps, 
be  exactly  like  those  of  Europe,  bat  asafflcient  namber  would  be  found  so  to  eetab- 
lish  their  relation  and  order  of  succession. 

In  the  same  volame  of  the  Americau  Joarnal,  Prof.  Edward  Hitch- 
cock ^  describes  the  preseace  of  the  ^'  Plastic  Clay  formation  ^  on 
Martha's  Vineyard  and  the  Elizabeth  Islands,  an  attempt  at  detailed 
correlation  that  is  not  supported  by  facts  as  we  now  interpret  them. 

During  1824  and  1825  Olmsted's  ^^  Report  on  the  Geology  of  North 
Carolina  "  appeared,  and  a  review '  of  the  same  in  the  American  Journal 
in  1828.  The  shell  marl  of  the  Neuse  is  herein  described,  together  with 
its  fossils. 

During  the  year  1825  Jer.  Yan  Bensselaer  delivered  a  course  of  lec- 
tures in  the  New  York  Atheuseum,  on  geology,  that  were  subsequently 
published  in  book  form.^  The  author  adopted  the  classification  pro- 
posed by  Finch,  although  he  confined  his  descriptions  to  the  more 
northern  representatives  of  the  Tertiary  series. 

On  page  34  of  ^<  Mills's  Statistics  of  South  Carolina"  (1826)  reference 
is  made  to  the  limestones  of  the  Santee  and  Savannah  Kivers,  which 
contain  '^  many  oyster  shells  of  uncommon  size,  and  different  from  those 
now  found  near  our  shores."  An  occurrence  of  a  shell  deposit  at 
Orangeburg  is  described  in  this  work  in  considerable  detail,  and  the 
general  geological  characteristics  of  the  region  are  given. 

The  American  Journal  for  1826  contains  a  communication  by  James 
Pierce^  '^On  the  shell-marl  region  of  the  eastern  part«  of  Virginia  and 
Maryland,"  in  which  reference  is  made  to  the  river  sections  on  the 
James  and  Potomac,  and  to  the  ^'  shell  rock  "  at  CTpper  Marlboro,  Mary- 
land. 

In  volume  13  of  the  same  journal  Mr.  S.  Porter,^  in  a  letter  to  Prof. 
Silliman,  gives  some  valuable  information  in  regard  to  the  shell  deposits 
of  Alabama;  and  Elisha  Mitchell®  presents  still  more  detailed  state- 
ments in  regard  to  the  stratigraphy  of  similar  strata  in  South  Carolina. 

In  notes''  by  Lardner  Yauuxem,  arranged  by  Dr.  S.  G.  Morton  for 
]>ublication  in  the  Journal  of  the  Academy  of  Natural  Sciences  of 
Philadelphia,  the  attempt  is  made  to  more  accurately  define  the  limits 
of  the  Tertiary.  The  author  states  that  much  that  had  been  desig- 
nated by  that  name  properly  belongs  to  other  formations. 

Up  to  the  year  1830  all  investigations  upon  the  stratigraphy  of  the 
Tertiary  had  been  carried  on  in  the  main  independently  of  a  study  of 
its  fossils.  Generic  similarities  had  been  cited  as  grounds  for  correla- 
tion, and  although  this  aided  largely  in  determining  the  limits  of  the 
Tertiary  itself,  further  subdivisions  were  impracticable. 

I  Am.  Joor.  SeL,  voL  7, 1824.  pp.  240-248. 

*  Ibid.,  YoL  14, 1828,  pp.  280.25L 

*  Lectures  on  Geology,  1826,  8vom  388  ppL 
•Ibid.,  voL  11, 1826,  pp.  64-58. 

•Am.  Jour.  Sci.,  voL  13, 1828,  pp.  77-79. 

*  Ibid.,  1828,  pp.  338-347. 

'Geologloal  observaUona  on  the  Secondary,  Teiiiary,  and  AllaTial  fbrmationa  of  the  AUantie 
9i  tiM  United  SUitet  of  AniMdM.  l^hlAsAiasfY^  K<MiL'&%XK^bK\.^^va.^^^\.^iS2S,PV.  8»-71 
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With  the  pablication  of  Conrad's  article*  "On  the  Geology  and  Or- 
ganic Remains  of  a  part  of  the  Peninsula  of  Maryland,"  with  an  ap- 
pendix containing  descriptions  of  new  species  of  fossil  shells,  a  new 
era  in  the  investigation  of  the  Atlantic  and  Gnlf  Coast  strata  was 
inangnrated.  It  is  true  that  Say'  had  described  several  Tertiary  spe- 
cies, bnt,  as  stated  in  Conrad's  paper,  he  did  not  "  draw  any  geological 
inferences  from  the  organic  remains  examined."  Conrad  from  the  first 
applied  the  paleontological  evidence  he  possessed  to  an  interpretation 
of  the  stratigraphy ;  and  although  many  of  his  condnsions  were  erro- 
neons,  still  the  knowledge  of  the  geology  of  the  coastal  plain  was  very 
materially  advauccd.  In  this  first  paper  such  well  known  early  Ter- 
tiary forms  as  Turritella  Mortanij  OucuLlcea  gigantea,  and  Orasiatella 
alaformis  are  figured  and  described,  and  the  presence  of  Venericardia 
planicosta  Lamarck  is  also  noted.  Making  use  of  the  data  afforded  by 
these  investigations,  the  strata  at  Fort  Washington  were  correlated  with 
the  London  Clay  of  England. 

In  1832  Conrad  published  an  important  work  on  the  ^^  Fossil  Shells  of 
the  Tertiary  Formations  of  North  America,"^  which  was  followed  in  1833 
by  a  description^  of  a  large  number  of  new  forms  from  Claiborne,  Ala- 
bama. In  the  latter  article  the  position  of  the  white  limestone  below 
the  Claiborne  sands  is  affirmed. 

The  same  year  Lea  published  his  ^^  Contributions  to  Oeology  "*  in 
which  he  treats  of  the  general  features  of  the  Atlantic  and  Gulf  Coast 
Tertiary,  but  especially  considers  the  Claiborne  section,  describing  219 
new  species.  The  Claiborne  beds  are  correlated  with  those  at  Fort 
Washington,  Maryland.  In  regard  to  their  European  equivajence,  the 
author  says: 

After  a  oarefol  examination  of  a  great  number  of  genera  and  species  from  the 
Tertiary  of  Claiborne,  Alabama,  f  had  no  hesitation  in  referring  them  to  the  same 
period  as  the  London  Clay  of  England,  and  the  Calcaire  Grossier  of  Paris.  •  *  • 
This  part  of  the  Tertiary  formation  *  *  *  is  caUed  by  Mr.  LyeU  the  Eocene 
period. 

This  is  the  first  application  of  the  term  Eocene  to  American  deposits. 

About  the  same  time  Withers  gave  in  the  American  Journal '  the 
general  features  of  the  section  at  St  Stephen's  Bluff,  Alabama. 

A  year  later,  in  "  Observations  on  the  Tertiary  and  more  recent 
formations  of  a  portion  of  the  Southern  States,"  ^  Conrad  adopted  the 
term  Eocene  for  the  well  known  sections  at  Fort  Washington,  Mary- 
land ;  Eutaw  Springs,  South  Carolina ;  Shell  Bluff,  Savannah  Biver, 
Georgia ;  Claiborne,  Alabama,  and  many  intermediate  points.    In  an 

I  PhilMlolphia  Aoad.  RoL,  Jour.,  yoL  <I^  1880,  ppw  20^217. 

*  Am.  Jour.  ScL,  toI.  1 ,  1810,  pp.  881-387 ;  vol.  2, 1820,  pp.  84-46.  Philadelphia  Aoad.  Kftt  SoL,  Jour., 
Tol.  4.,  1824,  pp.  124-156  (Oitrea  eampreuirfutra). 

*  8°,  56  pp.  16  pis.,  Philadelphia^  1832. 

« Am.  Jonr.  Soi.,  toL  28»  1883,  pp.  830-346^  406. 

*  Contrihntiona  to  Geology,  by  L  Lea.    8vo.  1838.    227  pp^  6  pl& 

*  Am.  Jonr.  Scl.,  vol.  24, 1888,  pp.  187-186. 

'Philadelphia  Aead.  Kal  SeL,  Jou.  toL  7,  1884»  pp.  U6.16X 
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appendix  to  this  paper  raauy  new  fossils  are  described.  A  diagram 
representing  the  blaff  at  Claiborne  is  added,  in  whieb  tbe  white  lime- 
stone is  again  placed  below  the  fossiliferons  sands.  Conraid  quotes 
Lyell  on  European  formations  as  stating  that  no  secondary  fossils  are 
fonnd  in  the  Eocene,  yet  his  own  observations  at  Claiborne  warranted 
him  in  claiming  the  admixture  of  a  few  species.  He  further  considers 
the  Eocene  of  Claiborne  older  than  the  Eocene  of  Fort  Washington, 
Maryland,  and  of  Europe. 

Prof.  Chas.  U.  Shepard  published  in  the  American  Journal  of  Science 
the  same  year  ''  Geological  Observations  ui>on  Alabama,  Georgia,  and 
Florida,"^  in  which  several  of  the  Eocene  localities  of  those  States 
are  described. 

Three  other  articles  appeared  at  this  time  by  Harlan,*  McGuire,' 
and  W.  B.  Rogers,^  that  added  somewhat  to  the  knowledge  of  local 
deposits.  The  paper  by  Eogers  is  especially  interesting,  as  the  first  of 
a  series  of  articles  and  reports  on  the  geology  of  Virginia  that  give  us 
a  clearer  insight  into  the  Tertiary  geology  of  that  State  than  of  any 
other  on  the  Atlantic  seaboard. 

About  the  same  time  Dr.  Morton  published  a  "  Synopsis  of  the  or- 
ganic remains  in  the  ferruginous  sand  formations  ofthe  United  States," 
in  which  several  species  from  the  "white  limestone"  of  South  Caro- 
lina are  included  through  a  misconception  of  the  proper  stratigraphi- 
cal  position  of  that  formation. 

In  1835  Conrad  added  two  more  papers'  on  the  Atlantic  Tertiary 
region.  In  the  transactions  of  the  Geological  Society  of  Pennsylvania 
he  says :  , 

Having  traced  tbe  bnrr  stone  of  Georgia,  the  fossilferons  sands  of  Claiborne,  Ala- 
bama, and  a  calcareous  clay  near  Orangeburg,  South  Carolina,  to  common  or  syn- 
chronous origin,  I  iumiediately  perceived  that  the  deposit  at  Upper  Marlboro  was  a 
link  in  the  chain  of  older  Tertiary  beds. 

Beference  is  made  in  both  articles  to  the  commingling  of  the  Creta- 
ceous and  Eocene  forms,  a  point  subsequently  more  fully  considered. 
It  was  held,  at  tbe  same  time,  worthy  of  mention  that  no  fossils  had 
been  found  common  to  the  Eocene  and  Miocene. 

H.  B.  Ci'oom  ®  published  an  account  of  early  Tertiary  fossils  found  in 
Craven  County,  North  Carolina,  in  the  American  Journal  of  Science  of 
the  same  year. 

William  B.  Bogers  published  in  the  Farmers'  Begister  for  1835,  **  Fur- 
ther observations  on  the  greensand  and  calcareous  marl  of  Virginia''^ 
The  marked  lithological  similarity  of  the  beds  to  the  greensand  of  New 

>  Am.  Jour.  Sci.,  vol.  25, 1834,  pp.  162-173. 

*  Am.  Phil.  Soc.  Trana.,  new  eer.,  vol.  4, 1834,  pp.  397-403. 

*  Am.  Jour.  Soi.,  vol.  20,  1884,  pp.  03-08. 

«  Farmers'  Rejsister,  1834.    Beprioted  io  Geology  of  the  YirginfiiA,  1884,  pp.  3-0. 
•Pennsylvania,  Geol.  Soc.  Trans.,  1835,  pp.  835-341 ;  Am.  Joar.  S«i.,  voL  28, 1835,  pp.  104-.111. 

*  Am.  Jour.  Sci.,  vol.  27, 1835,  pp.  168-17L 
'Bcprinted  in  Oeology  of  the  Virginiaa,  1884,  pp.  11-30. 
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Jersey  is  mentioned  in  this  article,  but  the  character  of  the  fossils  is 
shown  to  place  those  of  Virginia  in  the  Eocene. 

For  the  next  few  years  Professor  Rogers  devoted  himself  to  a  most 
careful  stady  of  the  Tertiary  geology  of  Virginia,  and  as  State  geologist 
pnblished  annnal  reports  ^  giving  detailed  accounts  of  the  progress  of  the 
survey.  Numerous  sections  of  early  Tertiaiy  marl  and  greensand  are 
herein  described,  and  lists  of  characteristic  fossils  are  given.  As  these 
publications  afford  the  most  important  literature  upon  the  geology  of 
Virginia,  a  consideration  of  the  details  will  be  reserved  for  a  later  por- 
tion of  this  report. 

In  conjunction  with  his  brother,  H.  D.  Rogers,  the  same  writer  pub- 
lished in  the  Transactions  of  the  American  Philosophical  Society  of 
Philadelphia  a  series  of  articles  entitled,  ^'  Oontributions  to  the  geology 
of  the  Tertiary  Formations  of  Virginia,"'  that,  beyond  the  description 
of  several  new  species  of  early  Tertiary  shells,  cover  much  the  same 
ground  as  the  annual  reports. 

During  this  same  period,  Mr.  T.  A.  Oonrad  contributed  several  pa- 
pers ^  of  importance,  first  among  them  being  a  special  treatise  on  Ter- 
tiary shells,^  that  appeared  in  1838. 

A  point  much  discussed  in  southern  Tertiary  stratigraphy  was  con- 
sidered by  Conrad  in  the  American  Journal  of  Science  for  1840,  under 
the  title  <*0n  the  geognostic  position  of  the  Zeuglodon  or  Basilosaurus 
of  Harlan.''*  The  statement  is  made  that  the  Zeuglodon  occurs  '^  in  the 
limestone  of  Alabama  immediately  under  the  lower  Tertiary  fossiliferous 
strata,"  and  further  that  ^<  this  formation  seems  to  fill  the  cha«m  which 
in  Europe  has  been  often  noticed  to  occur  between  the  Secondary  and 
Tertiary  series." 

While  Prof.  William  B.  Rogers  and  T.  A.  Conrad  were  conducting 
their  important  investigations,  others  were  not  idle.  H.  D.  Rogers,  as 
State  geologist  for  New  Jersey,  published  reports  in  1836  and  1840,  in 
which  the  marls  of  Monmouth  County  at  Shark  River  and  Squankum 
are  described  and  referred  to  the ''upper  Secondary." 

In  Delaware  the  State  geological  survey,  under  J.  C.  Booth,  published 
two  annual  reports  of  work  done  during  1837-'38,  which  were  subse- 
quently (1841)  issued  in  enlarged  form  as  a  ''  Memoir." 

In  Maryland  a  series  of  annual  reports,  extending  from  1833  to  1840, 
were  made  by  the  State  geologist,  J.  T.  Ducatel,  to  the  legislature. 
The  sections  exhibited  at  numerous  points  in  the  Tertiary  area  are  given 
in  these  reports,  together  with  lists  of  fossils. 

In  1836,  J.  R.  Cotting  published  a  '<  Report  of  a  Geological  and  Agri- 

■  Itoports  w»re  pnblUhed  for  the  yMn  188S-1841,  inoliuive.  Reprintad  in  Geology  of  the  Vfrginiao, 
1884,  pp.  21-64C 

"Am.  Phil.  SooL,  Trans.,  oewser.,  vol.  S,  1838,  pp.  310-342;  toL  t,  1837-1830,  pp.  847-370, 871-877.  Ab. 
•tnct  in  Amer.  Phil.  Soo.  Proo.,  toL  1, 1840,  pp.  88-00. 

•Am.  Jonr.  Sei.,  toI.  35, 1830,  pp.  237-261 ;  voL  38. 1840,  pp.  86-08.  Philndelphi*  Aoad.  KaI.  SeL,  Joar., 
ToL  8, 1841,  p.  100.    Philadelphia  Aoad.  Nat  Soi..  Proc.,  toI  1, 1841,  p.  83. 

«FoniU  of  the  Tertiary  Formations  of  the  United  Stntee,  Oro.,  18S8»  80  pp.,  40  plik 

•AB.Joar.8eL.ToL88L  1840.  pp.881-888. 
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cultnral  Survey  of  Barke  and  Bicbmond  coantieSy  Oeorgia,"  in  which 
the  character  of  the  Tertiary  deposits  is  reviewed  in  considerable  detail, 
though  the  author  had  little  conception  of  their  stratigraphical  rela- 
tions. 

The  occurrence  of  early  Tertiary  strata  in  Arkansas  is  recorded  in 
Featherstonhaugh's  *^  Geological  Report  of  an  Examination  made  in  1834 
of  the  Elevated  Country  between  the  Missouri  and  Bed  rivers.^ 

Nine  biennial  geological  rei>orts  were  presented  by  G.  Troost,  the 
State  geologist,  to  the  legislature  of  Tennessee,  between  the  years  1831- 
'47.  The  geology  of  the  eastern  portion  of  the  State  is  in  the  main 
considered,  though  now  and  then  references  are  made  to  the  later 
formations  of  the  west.  The  information  conveyed  is,  however,  of 
slight  importance,  so  far  as  the  older  Tertiary  is  concerned.  Very  mnch 
the  same  remarks  apply  to  W.  W.  Mather's  ^^  Beport  on  the  Geological 
Beconnaissance  of  Kentucky,  made  in  1838." 

The  activity  manifested  by  the  geological  surveys  of  the  States  just 
mentioned  in  the  study  of  the  Tertiary  deposits,  was  accompanied  by 
much  private  investigation,  the  result  of  which  appeared  in  nnmeroua 
articles  in  the  American  Journal  of  Science  and  Proceedings  of  the 
Academy  of  Natural  Sciences  of  Philadelphia. 

Some  of  the  more  striking  features  of  the  topography  and  geology 
of  Florida  are  pointed  out  by  Maj.  Henry  Whiting,  in  a  paper  entitled 
<^  Gursory  Bemarks  upon  East  Florida  in  1838,"^  that  was  published  in 
1839. 

In  1841  Edmund  BavenaP  and  Henry  G.  Lea'  published  descriptions 
of  new  Eocene  fossils  from  South  Carolina  and  Alabama,  respectively. 

An  article  by  James  T.  Hodge,  on  ''  Gbservations  on  the  Secondary 
and  Tertiary  Formations  of  the  Southern  Atlantic  States,"^  followed  in 
the  succeeding  volume  of  the  American  Journal  of  Science.  So  far  as 
the  Eocene  is  concerned,  his  observations  chiefly  related  to  points 
in  North  and  South  Carolina,  and  to  Shell  Bluff  and  Jacksonboro,  in 
Georgia.  In  this  article  the  limestone  and  conglomerate  on  the  North- 
east Cape  Fear  Biver  and  at  Wilmington  are  held  to  be  an  "upper  Sec- 
ondary" deposit,  interposed  between  the  Cretaceous  and  Eocene. 

Some  interesting  points  in  the  Eocene  stratigraphy  of  Virginia  were 
reported  by  Prof.  Tuomey,  in  1842,^  from  a  shaft  sunk  at  Evergreen, 
on  the  James  Biver. 

In  the  Proceedings  of  the  National  Institution  for  the  Promotion  of 
Science,  Conrad  contributed  further  "  Gbservations  on  a  portion  of  the 
Atlantic  Tertiary  Begion,  with  a  description  of  new  species  of  Organic 
Bemains."^    Especial  importance  was  at  that  time  attached  to  the  fact 


>  Am.  Jonr.  Soi.,  toI.  85, 1839,  pp.  47-64. 

•  PhilAdelphiA  AomL  Nat  Soi.,  Jour.,  toL  8»  1841,  pp.  333-83ft. 
■  Am.  Jonr.  Soi.,  vol.  40, 1841,  pp.  i>2-103. 

« Ibid.,  Tol  41, 1841,  pp.  382-348. 
•Ibid.,  vol.  43, 1842,  p.  187. 

•  Second  BuUetin,  1843,  pp.  191-lM.    (See  Bogen^  Am.  Jonr.  ScIm  toI.  47, 1844,  p.  96i.| 
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that  the  anthor  found  what  he  considered  proof  of  the  commingling  of 
Secondary  and  Tertiary  types.  He  presented  a  list  of  forms  that  were 
supposed  to  show  the  connection  of  the  ^*  white  limestone"  of  Alabama 
to  the  "  greensand  formation  "  of  New  Jersey. 

The  first  of  LyelPs  contribations  to  the  literature  of  the  Eastern  Ter- 
tiary belt  appeared  in  the  Proceedings  of  the  Geological  Society  of 
London,  for  1842.  His  conclusions  were  derived  from  personal  observa- 
tions, and  were  of  special  value  from  his  wide  knowledge  of  the  Ter- 
tiary in  other  portions  of  the  globe.  He  succeeded  in  explaining  many 
hitherto  imperfectly  understood  points  in  American  Tertiary  stratig- 
raphy.^ The  narrative  of  this  first  report  contains  the  following  state- 
ment: 

Having  examined  the  most  important  Cretaceous  deposits  in  Now  Jersey,  Mr.  Lycll 
proceeded,  in  the  antnmn  of  1841  to  investigate  the  Tertiary  strata  of  Virginia,  the 
Caroliuas  and  Greorgiai  with  a  view  to  satisfy  himself,  first,  how  far  the  Ic^ading  di- 
visions of  the  Tertiary  strata  along  the  Atlantic  border  of  the  United  States  agree  in 
aspect  and  organic  contents  with  those  of  Earope ;  and  secondly,  to  ascertain  whether 
any  rocks  containing  fossils  of  a  character  intermediate  between  those  of  the  Creta- 
ceous and  the  Eocene  beds  really  exist.  The  conclusions  at  which  he  arrived  from 
his  extensive  survey  are  given  briefly  as  follows : 

(1)  The  only  Tertiary  formations  which  the  author  saw  agree  well  in  their  geo- 
logical types  with  the  Eocene  and  Miocene  beds  of  England  and  France ;  (2)  ho  found 
no  Secondary  fossils  in  those  rocks  which  have  been  called  upper  Secondary,  and 
supposed  to  constitute  a  link  between  the  Cretaceous  and  Tertiary  formations. 

Each  of  the  above  mentioned  States  was  at  this  time  separately  con- 
sidered and  a  careful  description  given  of  every  locality  visited. 

During  the  next  few  years  six  important  contributions  by  the  same 
writer  to  the  Tertiary  geology  of  the  eastern  United  States,  appeared 
in  the  Proceedings  and  Quarterly  Journal  of  the  Geological  Society  of 
London.  In  most  cases  special  points  in  the  stratigraphy,  that  had 
been  the  subject  of  discussion  by  American  geologists,  were  taken  up, 
and  much  light  thrown  upon  the  questions  at  issue. 

In  regard  to  the  occurrence  of  early  Tertiary  strata  on  Marthas 
Vineyard,  as  claimed  by  Prof.  Hitchcock' in  1824,  when  the  deposits  at 
Gay  Head  were  correlated  with  the  ^'Plastic  and  London  clay  of  Alum 
Bay,"  Mr.  LyelP  thought  that  the  evidence  was  altogether  in  favor  of 
considering  them  Miocene. 

In  an  article  on  the  ^'  Cretaceous  of  New  Jersey  and  other  parts  of 
the  United  States  bordering  on  the  Atlantic"^  the  lithological  similar- 
ity of  the  Eocene  and  the  Miocene  farther  south  to  the  Cretaceous  of 
New  Jersey,  and  the  necessity  of  fossils  for  the  identification  of  the 
various  green  sand  horizons,  are  clearly  set  forth,  thus  substantiating 
the  earlier  claims  of  Rogers. 

A  later  communication  ^^  On  the  Miocene  Tertiary  strata  of  Mary- 

1  OeoL  Soo.,  London,  Proo.,  vol.  3, 1842,  pp.  735-742. 

*  Am.  Jonr.  Sol.,  vol.  7, 1824.  pp.  240-24a 

*  Oeol.  Soo.  London,  Proc.,  vol.  4, 184S,  pp.  31-SS. 
«Ibld,  Proo.,  Tol.  4»  1844,  pp.  301-30<L 
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land,  YlrgiDia.  and  North  and  Sontb  Garolina."*  contains  nnmeroos 
sections  in  which  the  Eocene  occars. 

Immediately  following  the  last  paper  in  both  the  ^*  Proceedings"  and 
the  **  Journal,"  are  the  "  Observations  "  of  Mr.  Lyell  "  on  the  White 
Limestone  and  other  Eocene  or  Older  Tertiary  formations  of  Virginia, 
Sonth  Carolina,  and  Georgia."*  After  stating  that  the  Eocene  of  Vir- 
ginia "  consists  in  great  part  of  green  sand  and  marl,  containing  green 
earth  •  •  •  like  that  which  characterizes  the  Gretaceoas  strata  of 
New  Jersey,"  he  adds : 

Farther  Bonth,  in  North  and  South  Carolina  and  in  Georgia,  the  Eocene  formation 
acquires  a  larger  development  and  a  new  mineral  type,  oonsisting  of  highly  calcare- 
ons  white  marl  and  white  limestone,  and  passing  upward,  esiiecially  in  Georgia, 
inlo  red  and  white  clays,  ferruginous  sands,  with  associated  layers  of  burratone  and 
siliceous  rock. 

Speaking  of  the  already  well  known  Olaiborne  section,  he  states  in 
an  article  ^*  On  the  newer  deposits  of  the  Sonthern  States  of  North 
America"^  that  the  relationship  of  the  deposits  is  different  from  that 
previously  held,  inasmuch  as  the  ^^Nummolite  limestone"  occurs  above 
the  CIail>orne  fossiliferous  sands  and  not  below,  and  that  the  remains  of 
the  Zeugiodon  are  always  found  *<  in  the  Eocene  white  limestone  below 
the  level  of  the  Nummulitic  rock  and  above  the  beds  which  contain  the 
greater  number  of  perfectly  preserved  Eocene  shells,"  among  them 
Cardita  planieosta,  and  Ostrea  sellceformis.  Writing^  on  the  same  sub- 
ject a  year  later,  he  reaffirmed  the  position  he  had  previously  taken 
in  this  matter,  showing  at  the  same  time  from  numerous  sections  the 
much  wider  application  of  this  relationship  of  the  strata. 

During  this  time  Lyell  made  four  contributions'  to  the  American 
Journal  of  Science,  which  contain  in  the  main  the  same  conclusions  as 
the  previously  cited  articles. 

Murchison,^  in  his  presidential  address  delivered  to  the  Geological 
Society  of  London  in  1843,  reviewed  the  results  of  LyelPs  investigations 
upon  the  "Older  Tertiary"  strata  of  America,  and  added  his  own  in- 
terpretation of  a  few  points. 

During  these  years,  due  in  part  to  Lyell's  inspiring  presence  and 
valuable  publications,  many  articles  appeared  from  the  pens  of  Ameri- 
can geologists.  Dr.  Morton'  found  it  necessary  in  1842  to  correct  cer- 
tain statements  he  had  made  in  his  synopsis  in  1834  in  regard  to  the 
occurrence  of  Cretaceous  fossils,  since  the  observations  of  Lyell  had 
shown  the  deposits  to  be  Eocene. 


>  Proo.  Geol.  Soo.  Loo  don,  voL  A,  1845,  pp.  547-563 ;  and  Quart  Jonr.  GkoL  Soa  London,  toL  1, 1845^ 
pp..  4ia-429. 

*  Proc.  Geol.  Soo.  London,  vol.  4, 1845,  pp.  663-<b76 ;  Mid  Qaart  Jonr.  GeoL  Soo.  London,  toL  1, 1845^  pp^ 
429-442. 

■  Quart  Jonr.  GeoL  Soc.  London,  voL  2, 1848,  pp.  405-410. 
« Ibid.,  vol.  4, 1847,  pp.  10-17. 

*  Am.  Jonr.  Soi.,  vol.  47, 1844,  pp.  213, 214;  2d8er.,voL  1,  1846,  pp.  813-315;  Sid  fler.,ToLS,  pp.  84-80;  8d 
•er.,  ToL  4. 1847,  pp.  186-101. 

*  Proo.  GooL  Soo.  London,  toL  4, 184S,  pp.  127- 133. 
'PJiilAdelphiaAoad.NAt.SoL,  Jour.,  YoL  8, 1842,  pp.  216-287. 
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The  following  year  Edmand  Baffin,  director  of  the  agricnltural  sar- 
vey  of  South  Carolina,  presented  to  the  legislatare  a  report^  in  which 
the  early  Tertiary  marls  are  given  the  name  of  the  *^  Great  Carolina 
bed."  He  states  that  ^^  this  great  deposit  has  been  by  different  geolo- 
gists considered  as  belonging  to  different  formations.  Yannxem  first, 
and  also  Conrad  and  Morton  afterward,  supposed  it  the  *  Upper  Creta- 
ceoas.'  Lyell,  from  recent  inspection,  includes  it  in  the  Eocene."  He 
then  adds:  "The*  Great  Carolinabed^of  marl  will  serve  every  present 
pnrpose  of  designation  and  distinction  as  well  as  if  it  were  definitely 
settled  and  the  bed  named  either  Upper  Cretaceous  or  Eocene."  Over 
thirty  finely  printed  pages  are  devoted  to  a  detailed  description  of  the 
area  occupied  by  these  calcareous  deposits  and  the  siliceous  beds  along 
their  northern  margin.  The  stratigraphical  position  of  the  latter  is  not 
properly  interpreted  in  this  work.  In  short,  the  siliceous  beds  are  de- 
scribed as  overlying  the  calcareous  deposits. 

Several  papers  treating  especially  of  Eocene  fossils  appeared  during 
this  And  the  succeeding  year  by  Bulkley,*  Conrad,'  and  Ravenel.* 

In  the  **  Supplemental  Beport  of  the  Agricultural  Survey  of  South 
Carolina  for  1843,"  Prof.  M.Tuomey  discusses  the  character  and  geolog- 
ical age  of  the  "  marl  in  adjacent  parts  of  North  Carolina."  The  occur- 
rence of  the  "Great  Carolina  bed"  with  its  characteristic  fossils  is 
asserted  from  the  region  to  the  north  and  northeast  of  Wilmington.  In 
the  American  Journal  of  Science  for  1844,  the  same  writer'  expresses  the 
opinion  that  the  South  Carolina  formations  will  prove  older  than  tlie 
Eocene  of  Maryland  and  Virginia,  although  he  accepts  Lyell's  position 
that  they  are  not  "  Upper  Secondary." 

In  an  address  delivered  at  the  meeting  of  the  Association  of  Ameri- 
can Geologists  and  Naturalists,  held  in  Washington  in  May,  1844, 
Prof.  H.  D.  Rogers  presented  an  outline  of  opinions  regarding  Ameri- 
can Tertiary  formations,^  in  connection  with  a  general  statement  of 
progress  in  American  geology. 

From  the  importance  of  the  Zeuglodon  as  a  charcterintic  fossil  of  the 
Jackson  group  of  the  Upper  Eocene,  and  the  extended  discussion  which 
its  character  and  geological  position  have  hitherto  occasioned,  it  be- 
comes necessary  to  refer  briefly  to  the  extensive  literature  upon  that 
subject. 

Although  originally  described  as  a  saurian  by  Dr.  Harlan,^  in  1834, 
under  the  name  of  Basilosaurns,  its  mammalian  character  was  Riibso- 

>  Report  of  the  Cummenoement  and  Profiireas  of  the  Agrionltaral  Sarvey  of  Soath  Cftrolina  for  1843. 
Colambia,  1843. 

'Am.  Jour.  Sci.,  voL  44, 1843,  pp.  40&-412. 

>  Philadelphia  Aoad.  Nat  Set.,  Proc..  voL  1, 1843.  p.  310 ;  toL  2, 1844,  pp.  173, 174. 

*  Ibid.,  ToL  2, 1844,  pp.  90-08.     ^ 
•Am.  Jour.  Sci.,  toL  47, 1844,  p.  117. 

•  Ibid..  Tol.  47, 1844,  pp.  254-250. 

'  Ajn.  PhiL  Soc,  Trans.,  new  Mr.,  toL  4»  1884»  pp.  897-408 ;  PennsylTania  GeoL  Soo.,  Trana.,  toL  1« 
1863,  pp.  848-357. 
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quently  established  by  Bicbard  Owen^  and  the  name  Zenglodon  snb- 
stituted. 

Later,  papers  appeared  by  Wyman,*  Rogers,'  Balkley/  Lister,* 
Gibbes,**  Tuomey,''  and  others,  in  which  the  views  of  Owen  were  sab- 
stantiated,  and  more  definite  information  given  in  regard  to  the  locali- 
ties and  geological  horizon  of  the  many  specimens  up  to  that  time  dis- 
covered. 

Important  contribntions  to  the  geology  of  the  Southern  States  were 
made  during  the  years  1846~'49.  Conrad  alone  published  eight^  arti- 
cles in  which  mauy  new  species  of  fossil  shells  are  described,  and  con- 
siderable additions  made  to  the  knowledge  of  the  stratigraphy  of  the 
Eocene  in  Florida  and  Mississippi. 

In  the  American  Journal  of  Science  for  1846,  Dr.  Conrad*  made  the 
first  attempt  at  correlating  the  ^' limestone"  of  i^lorida.  From  a  study 
of  the  fossils  he  proposed  to  place  it  in  the  Upper  Eocene  together  with 
*^  the  limestone  of  the  Savannah  Kiver  in  Oeorgia,  between  Savannah 
and  Shell  Bluff."  . 

In  1848  Conrad^®  published  a  description  of  Aturiazicziicfrom  the  upper 
portion  of  the  upper  marl  bed  of  New  Jersey,  and  referred  the  marl, 
principally  on  account  of  the  presence  of  this  shell,  to  the  Eocene  era. 

During  this  time  Morton,^*  Bouv6,"  Lea,^'  and  Gibbes"  described  many 
new  fossils,  while  Allen,^^  Couper,^®  Agassiz,^''  Tuomey,^^  Hale,^'  and 
Holmes'®  contributed  important  data  relative  to  the  stratigraphy  of  local 
areas. 

Tuomey,  in  a  "  Beport  on  the  Geology  of  South  Carolina,"  published 
in  1848,  enters  into  a  detailed  description  of  the  geology  of  that  State, 
and  proposes  three  divisions  for  the  Eocene  formation,  viz:  1,  Buhr- 
stone ;  2,  Santee  marls,  and  3,  Ashley  and  Cooper  marls. 

I  GeoL  Soc.  London,  Proo.  vol.  3, 1839,  pp.  24-28 ;  Geol.  Soo.,  London,  Trang.  1842|  pp.  80-79;  Ann.  Sci. 
Nat.  vol.  12  (Zool.).  1830,  pp.  222-229 ;  Hag.  Nat..  voL  3, 1830.  pp.  200-218. 
s  Boston  Soc  Nat  Hist,  Proc.,  vol  2, 1845,  pp.  6ft-«8. 
■Ibid.,  p.  70. 

*  Am.  Jonr.  Sci.,  2d  ser.,  vol.  2, 1846,  pp.  12&-131. 
•Boston  Soo.  Nat.  Hist,  Proc.,  vol.  2,  IU6,  pp.  05-06. 

*  Philadelphia  Acad.  Nat  Soi.,  Jonr..  2d  ser.,  voL  1, 1847.  pp.  S-15. 
» Ibid.,  pp.  16-17. 

•  Am.  Jonr.  Sci.,  2d  ^er.,  vol.  1. 1846,  pp.  200-221,  305-406 ;  ToL  2, 1846.  pp.  86-48, 1S4-12S,  210-215,  300-400. 
PhUadelphia  Acad.  Nat  Sci.,  Proo.,  vol.  3, 1846.  pp  10-27 ;  voL  3, 1847,  pp.  280-200.  Philadelpfai*  AoadJ 
Nat  Sci.,  Jonr..  2d  ner.,  vol.  1, 1848,  pp.  111-134. 

•  Am.  Jonr.  Sci.,  2d  ser.,  vol.  2, 1846,  p.  47. 

M  Philadelphia  Acad.  Nat  Sci.,  Jour.,  2d  ser.,  vol.  1. 184%  p.  120. 
»» Ibid.,  Proc,  voL  3, 1846,  p.  51. 
>*  Boston  Soc.  Nat  Hist,  Proo.,  vol.  2, 1846,  p.  102. 
»  Philadelphia  Acad.  Nat  Sci.,  Proc.,  vol.  4, 1848,  pp.  05-107. 
M Ibid..  Jour.,  2d  ser.,  vol.  1, 1848,  pp.  130-147 ;  1840,  pp.  101-206b 
1'  Am.  Joar.  Sci.,  2d  ser.,  vol.  1, 1846,  pp.  38-42. 
>*  Boston  Soc.  Nat  Hist,  Proc.,  voL  2, 1846,  pp.  123. 124. 
w  Ibid.,  p.  193. 

»  Am.  Assoc  Adv.  Sol.,  Proc,  voL  1, 1848,  pp. 32-33;  BeportontheGkoIogyof  SonthCaioUius  ISiS^pp. 
136, 139-170, 211. 
1*  Am.  Jonr.  Sci.,  2d  ser.,  vol.  6, 1848,  pp.  854-863. 
■•  Ibid.,  voL  7, 1840^  pp.  187-20L 
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Koemer,  in  1849,  published  at  Berne  a  general  treatise  upon  Texas, 
in  which  he  gives  the  first  account  of  the  occurrence  of  the  Eocene 
in  that  State.  Fossils  were  found  sufficiently  similar  to  those  of 
Claiborne,  Alabama,  to  jnstify  him  in  considering  the  deposits  of  like 
age.  Although  discovered  at  only  one  locality,  he  expressed  the  opin- 
ion at  that  time  that  it  was  hardly  probable  that  the  Eocene  was  thu9 
limited  to  one  point,  but  doubtless  existed  as  a  continuous  deposit 
across  the  State.  He  considered  that  the  surface  exposures  were  only 
prevented  from  being  seen  by  overlying  formations.  ^ 

During  1850  papers  appeared  on  the  geology  and  paleontology  of  the 
Atlantic  Coast  Eocene  by  Bavenel,^  Buffin,'  Gibbes,^  Wyman/  Conrad,* 
and  Holmes.^ 

A  year  later,  Tnomey,  in  a  "  Notice  of  the  Geology  of  the  Florida 
Keys,  and  of  the  Southern  Coast  of  Florida,"^  confirmed  the  observa- 
tions of  Conrad  concerning  the  age  of  the  Tampa  Bay  limestone,  and 
showed  its  wider  extension. 

In  the  same  volume  of  the  American  Journal  of  Science,  Prof.  J.  W. 
Bailey  published  a  notice  of  ^^  Silicifled  Poiythalamia  in  Florida,"  in 
which  he  speaks  of  large  masses  possessing  all  the  mineralogical  char- 
acters of  flint,  occurring  in  the  white  ^^  orbitoiite  limestone,"  which,  he 
says,  is  common  throughout  the  portion  of  Florida  between  Tampa  and 
Palatka." 

In  1850  Desor  discussed  the  equivalence  of  the  American  Tertiary  at 
a  meeting  of  the  Boston  Society  of  Natural  History.  He  agreed  with 
Prof.  Rogers  as  to  the  want  of  a  complete  correspondence  of  American 
and  Europaan  Tertiary,  and  also  with  regard  to  the  absence  of  a  close 
correlation  between  the  American  Tertiary  of  different  epochs.' 

During  the  next  few  years  contributions  were  made  to  the  paleontol- 
ogy of  the  Eocene  by  Bouv6,^®  Tuomey,^^  Holmes,**  and  Conrad." 

Conrad,*^  in  ^^  Kemarks  on  the  Tertiary  Strata  of  San  Domingo  and 
Yicksbnrg  (Miss.),"  states  that  a  comparison  of  fossils  from  the  two 
localities  had  resulted  in  the  recognition  of  several  identical  forms,  and 
from  that  circumstance  he  drew  the  conclusion  that  the  strata  were 
probably  of  the  same  age. 

In  a  later  publication  entitled  ^^  Observations  on  the  Eocene  deposit 

1  Am.  Assoc.  Adv.  Sci.,  Proo.,  voL  3, 1850,  pp.  159-161. 
>Am.  Jonr.  ScL,  2d  ser.,  voL  9, 1850,  pp.  127-129. 
sPhiladelphia  Aoad.  Nat.  Sei.,  Joor.,  2d  s«r..  voL  1, 1850,  pp.  299, 809. 
*Am.  Jour.  Soi.,  2d  ser.,  vol.  10, 1850,  pp.  228-235. 
■Philadelphia  Aca'l.  Nat  Sol.,  Joar..  2d  ser.,  voL  2, 1850,  pp.  89-iL 
'Am.  Assoc.  Adv.  Sci.,  Proo.,  vol.  3, 1850,  pp.  201-204. 
'Am.  Jonr.  Sci.,  2d  ser.,  voL  11, 1851,  pp.  390-394. 
•Ibid.,  p.  88. 

'Boston  Soo  Nat  Hist,  Proc,  vol.  8, 1850,  p.  247. 
»«Ibid.,  vol.  i,  1851,  pp.  2-4. 

■'Philadelphia  Aoad.  Nat  ScL.  Proa,  vol  6. 1852,  pp.  193-191 
"Elliott  Soc  Nat  Hist,  Proc,  voL  1. 1853,  p.  21. 

»PhUadolphia.  Acad.  Nat  ScL,  Proc.,  vol.  0, 1853,  pp.  816-319^  320, 821, 448;  449 1  ToL  7. 1854,  pp.  8»-Sl,  toL 
7. 1855,  pp.  257-263, 205-268, 269 ;  vol.  9, 1857,  p.  168. 
*«lbid.,  voL  6, 185J,  pp.  198, 199. 


30  THE   EOCENE.  (buu^R 

of  Jackson,  Mississippi,  etc."^  the  same  aathor  presents  a  table  to  ^^show 
the  order  of  succession  of  Eocene  groups.''  The  Jackson  group  k 
placed  between  the  Claiborne  and  the  Yicksburg,  and  the  *^  orbitolite 
limestone "  of  St  Stephen's  Bluff  is  placed  in  the  lower  part  of  the 
Yicksburg  series.  From  the  fossils  sent  him  Conrad  came  to  the  con- 
clusion that  the  Jackson  deposits  contained  no  species  in  common  with 
those  of  Yicksburg,  and  very  few  with  those  of  Claiborne. 

During  this  time  WiuchcU,'  Le  Conte,'  Emmons,^  Rogers,'  Safford,* 
and^McCrady^  contributed  the  results  of  observations  that  relate 
wholly  or  in  part  to  the  stratigraphy  of  the  eastern  Eocene. 

During  the  decade  I85(M60,  while  so  much  valuable  information 
relative  to  the  Eocene  was  accumulated  by  private  industry,  the  State 
governments  were  not  inattentive  to  the  importance  of  geological  in- 
vestigations of  their  territories. 

The  State  Geological  Survey  of  New  Jersey,  under  William  Kitchell, 
published  three  annual  reports  for  1854,  1855,  and  1856,  in  which  the 
descriptions  of  the  marls  in  the  eastern  and  southern  parts  of  the  State 
were  prepared  by  the  assistant  geologist,  Geo.  H.  Cook.  As  a  resolt 
of  his  investigations,  he  states  in  the  first  report  that ''  there^  are  three 
distinct  beds  of  marl ,"  and  that ''  the  third  bed  includes  the  marls  of 
Deal,  Poplar,  Shark  River,  and  Squaukum ,"  localities  that  will  receive 
later  consideration.  The  second  and  third  reports  added  nothing  as 
to  the  taxonomic  position  of  the  npper  marls,  though  the  local  stratigra- 
phy had  been  worked  out  in  greater  detail.  Although  accepting  the 
conclusions  of  Yanuxem  and  Morton  that  the  marls  of  the  State  were 
Cretaceous,  he  wisely  says  that  '^  it  is  felt  to  be  a  matter  of  much  im- 
portance to  know  as  many  as  possible  of  the  fossils  found  here. " 

In  Maryland  the  State  agricultural  chemist  published  six  reports 
between  1850~'58,  but  they  are  of  slight  importance  from  a  geological 
standpoint. 

Prof.  Emmons,  in  a  report  on  the  Geological  Survey  of  North  Car- 
olina, published  in  1852,  considers  the  Eocene  at  some  length.  The 
outliers  in  the  central  part  of  the  State  are  referred  to  in  connection 
with  the  more  extensive  deposits  that  occupy  the  eastern  portions.  In 
a  subsequent  report,  published  in  1858,  the  special  features  of  the  Eocene 
are  treated  in  much  greater  detail,  and  many  sections  and  new  species 
of  fossils  are  described. 

During  1856-'60  the  State  geologist  of  South  Carolina,  Oscar  M. 
Lieber,  presented  four  annual  reports  tx>  the  general  assembly,  but 
nothing  of  importance  was  added  to  the  earlier  contributions  of  Buffin 
and  Tuomey  upon  Eocene  stratigraphy. 


1  FhUadelphiA  Aoad.  Nat  SoL,  Pioo.,  voL  7»  1855,  pp.  257-263. 

*  Am.  Assoo.  Ady.  Sci.,  Proc.,  voL  10,  pt.  2,  1856,  pp.  M-103. 
'  Am.  Jour.  Scl.,  2d  ser.,  toI.  23, 1857,  pp.  46-60. 

^  Am.  Amoc  Ady.,  SoL,  Proo.,  yoL  11,  part  2, 1857,  pp.  76-80. 

*  Boston  Soo.  Nat  Hist,  Proo.,  yoL  7, 1850,  pp.  60-64. 

*  Am.  Jour.  ScL,  2d  sor.  yoL  27, 1859,  pp.  363,  864. 

f  XUiotlSo«.Nat  Hiat,Pxoo.,  yoL  1, 1850,  pp.  282,2831 
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Prof.  Tuomey,  in  the  ''  First  Biennial  Beport  on  the  Geology  of  Ala- 
bama" (1850),  considers  the  extent,  strnctare,  and  stratigraphy  of  the 
earlier  Tertiary  of  that  State,  and  gives  numerous  typical  sections 
and  a  list  of  fossils.  A  second  report,  finished  in  1855,  but  on  ac- 
count of  the  death  of  the  author  not  published  until  1858,  contains 
considerable  new  information  and  extended  lists  of  fossils  from  well 
known  localities. 

Wailes's  **Eeport  on  the  Agriculture  and  Geology  of  Mississippi" 
appeared  in  1854.  The  work  deals  largely  with  the  economic  features 
of  the  deposits,  but  lists  and  figures  of  characteristic  fossils  are  given, 
together  with  the  local  character  of  the  beds  in  which  they  occur. 

Three  years  later  a  ^'Preliminary  Beport  on  the  Geology  and  Agri- 
culture of  the  State  of  Mississippi,  by  L.  Harper,"  was  published,  but 
very  little  of  importance  was  added  to  the  stratigraphy  of  the  Eocene. 

A  greatly  expanded  account  of  his  geological  observations  in  Texas 
i«  given  by  Prof.  Boemer  in  '^Die  Kreidebildungen  von  Texas,"  pub- 
lished in  Bonn  in  1852. 

The  '*  First  Beport  of  the  Geological  and  Agricultural  Survey  of 
Texas "  was  prepared  by  Dr.  Shumard  in  1859,  but  little  attention  is 
given  in  this  work  to  the  Tertiary,  although  leference  is  made  to  the 
lignite  brown  coal  of  the  eastern  and  middle  portions  of  the  State. 
Nothing  of  importance  was  added  to  the  earlier  statements  ot  Hoemer. 

Two  reports  upon  the  geology  of  Arkansas  were  published  in  1858 
and  1860  by  D.  B.  Owen,  in  which  several  occurrences  of  the  Eocene, 
with  characteristic  fossils,  are  cited.  But  slight  attempt,  however, 
was  made  at  a  delimitation  of  the  Tertiary  area. 

Safibrd's  first  and  second  biennial  reports  on  the  geology  of  Tennes- 
see, presented  to  the  general  assemblies  of  1855  and  1857,  contain  a 
few  references  to  "The  Lignite  group "  which  crosses  the  western  por- 
tion of  the  State. 

The  four  large  quarto  volumes  of  the  Kentucky  Geological  Survey 
that  was  prosecuted  between  the  years  1854  to  1859  are  devoted 
almost  exclusively  to  a  description  of  the  economic  products  of  the 
State.    The  Tertiary  strata  are  barely  referred  to. 

Import'int  contributions  were  made  to  the  paleontology  of  the  Eocene 
by  Conrad,'  Gabb,*  Whitfield,^  and  Marsh^  during  the  next  decade 
(186(M70). 

An  important  paper  by  J.  M.  Safford,  on  the  lignitic  beds  of  the 
southern  Tertiary,  entitled  '^  On  the  Gretaceous  and*  Superior  Forma- 
tions of  west  Tennessee,"  *  api>eared  in  the  American  Journal  of  Science 

I  Philadelphia  Aead.  Nat.  SoL ,  Jour.,  new  ser.,  toL  i,  1860,  pp.  275-298  Philadelphia  Aead.  Nat  Soi. , 
Proo.,  vol.  14, 1862,  pp.  284-291 ;  ibid. ,  ToL  16, 1864,  pp.  211-3 14.  Amer.  Joar.  Conoh.,  vol.  1, 1865,  pp.  1- 35, 
137-141, 142-149. 210-212, 213-215;  ToL  2,  1866,  pp.  75-78, 101-103, 104-106 ;  ToL  8, 1867,  pp.  18&-190.  Phila- 
delphia Acad.  Nat.  Soi..  Proo.  vol.  17, 1865,  pp.  73-75, 75, 184. 

'Philadelphia  Aead.  Nat  Soi.,  Proo.,  vol.  13, 1861,  pp. 367-372,  Joor..  new  ser.,  toL  5^  1862,  pp.  111-179. 

s  Am.  Jonr.  Conoh.,  voL  1, 1865,  pp.  269-^68. 

4  Am.  Jonr.  SoL,  Sd  ser.  vol  48, 1869,  pp.  897-460.    Am.  Aaaoc  Adv.  Sol.,  Proo,,  toL  18^  1869,  pp.  227-230. 

•  lUd.,  YOL  87, 1664^  pp.  360-973. 
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for  1864.  In  this  article  the  lignite  beds  of  the  Eocene  are  divided  into 
the  Porters  Greek  group  (lower)  and  the  Orange  Sand  or  La  Grange 
gronp  (upper).  Overlying  these  is  placed  a  third  groap,  called  the 
Bluff  Lignite,  that  at  that  time  was  provisionally  considered  Tertiary 
by  Saflford. 

In  an  article  by  Oonrad  ^*  On  the  Eocene  Lignite  Formation  of  the 
United  States,"  ^  the  upper  marl  of  the  Upper  Marl  Bed  of  Kew  Jersey 
iscorrelatedwiththeBrandon(yermont)andsouthern  lignites.  The  pres- 
ence of  such  a  horizon  between  Cretaceous  and  Eocene  is  claimed  in 
this  paper  on  the  authority  of  Yannxem  and  Tuomey  to  occnr  in  Sooth 
Carolina  and  Alabama,  aud  upon  that  of  Dnrand'  and  Harper  in  Mary- 
land and  Mississippi. 

Conrad '  proposed,  in  1866,  the  name  ^<  Shell  Bluff  groap''  for  certain 
strata  of  the  Eocene  he  considered  characterized  by  Ostrea  geargioM^ 
an  oyster  found  at  Shell  Bluff,  on  the  Savannah  Eiver,  as  well  as'^at 
Yicksburg  *  *  *,  in  the  lower  part  of  the  bluff  below  the  Orbito- 
lite  limestoue  of  the  Jackson  group." 

In  a  communication  in  the  succeeding  volume  of  the  American  Jour- 
nal of  Science,  Hilgard  ^  takes  exception  to  Conrad's  statements  and 
conclusions  upon  this  point. 

In  this  article  he  says  that  the  ^*  Orbitolite  limestone  of  the  Jackson 
group  "  is  erroneous,  as  he  knows  of  no  case  where  OrbiUndes  are  found 
below  the  Yicksburg  strata.  He  further  casts  doubt  upon  the  occur- 
rence of  Ostrea  georgiana  at  Yicksburg.  In  conclusion,  he  says  that 
the  ^^  Shell  Bluff  group  "  is  above  the  Jackson  and  probably  identical 
with  his  own  "Red  Bluff*  group.'' 

In  an  article  "  On  the  Tertiary  Formations  of  Mississippi  and  Ala- 
bama,"^ the  same  writer  says : 

I  oaD  noty  therefore,  with  the  lights  befoieme,  agree  to  the  propriety  of  distiDguish- 
iDg  as  Heparate  divisions  the  Orhiioides  limestone  and  the  Vicksbarg  group  of  fossils. 

*  *  Even  the  occurrence  of  a  different  species  of  OrHioides  (O.  nup^a.  Con.)  at 
Yickburg  can  not  alter  the  case,  for  the  undoubted  0.  ManielU  occurs  there  also 
in  the  solid  rock,  and  there  are  few  of  the  characteristic  fossils  of  the  Vicksbuig 
profile  which  I  have  not  on  some  occasions  found  side  by -side  with  the  O.  ManttlU 
and  its  companions,  the  Peoien  Poulsoni  and  Ostrea  t>ick$burgen9i$. 

He  states  further  that  Lyell  and  Hale  were  the  only  two  observers 
who  had  hitherto  comprehended  the  proper  position  of  the  ^^  Zeuglodon 
bed  "  in  relation  to  the  "  Orbitoides  rock.'' 

In  "Notes  on  American  Fossiliferous  strata,''*  published  in  1869, 
Conrad  presents  some  facts  relative  to  the  section  at  Shark  River,  New 
Jersey,  and  gives  an  account  of  the  more  interesting  fossil  remains 
found  there. 


1  Philadelphia  Aoad.  Kat.  Sot,  Proo.,  vol  17,  1806^  pp.  70-7S.    Am.  Jour.  BeL,  Sd  ler^  toL  40, 1865^  ppw 
265-268. 
>  Philadelphia  College  of  Phannacy,  Jonr.,  vol.  6^  1834,  pw  IX 
■  Am.  Joar.  Sci.,  2d  ser.,  voL  41, 19M,  p.  Mb 
«Ibid..  vol.  42. 1866,  pp.  68-70. 
•Ibid.,  vol  43, 1867,  pp.  21>-4L 
•  ndd.,  ToL  47,  I860,  pp.  35ft-M4. 
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During  the  period  1860  to  1870  the  State  ^ovemmeDts  interested 
themselves  but  little  in  geological  surveys.  The  war  broke  up  those 
that  did  exist,  excepting  in  New  Jersey,  and  the  inauguration  of  new 
ones  had  hardly  begun  at  the  close  of  the  decade. 

In  New  Jersey  George  H.  Cook,  now  appointed  State  geologist,  pros- 
ecuted the  survey  of  that  State  vigorously,  and  presented  a  report  of 
progress  for  1833,  which  was  followed  by  yearly  reports  thereafter.  In 
the  report  for  1803  he  states  that  ^^  a  section  h^  been  surveyed  across 
the  State  from  the  mouth  of  Shark  River  Inlet,  on  the  Atlantic  shore, 
to  the  Delaware  Water  Gap/'  The  areal  distribution  of  the  Eocene, 
together  with  certain  of  its  characteristics,  is  described,  though  its  tax- 
onomic  position  was  but  partially  appreciated.  In  the  report  for  18C4 
an  analysis  of  the  Eocene  marl  is  given,  together  with  the  most  im- 
portan  t  localities  at  which  it  is  exposed.  Nothing  further  of  importance 
upon  Eocene  geology  appeared  until  the  publication  of  the  "  Geology  of 
New  Jersey, "  in  1808,  in  which  the  boundaries,  structure,  and  fossil  re- 
mains of  the  Upper  Marl  Bed  receive  careful  and  detailed  treatment. 

In  Maryland  a  geological  survey  was  started  under  Philip  T.  Tyson, 
who  published  reports  in   1800  and  1862.    The  sudden  termination  of . 
the  survey,  after  the  appearance  of  the  second  report,  prevented  the 
publication  of  a  large  amountof  important  data  that  would  have  thrown 
much  light  upon  the  stratigraphy  of  the  Maryland  Eocene. 

Maury's  "  Physical  Survey  of  Virginia,"  which  appeared  in  1809,  con- 
tains several  references  to  the  stratigraphy  of  the  Eocene. 

The  later  reports  of  Emmons  at  the  opening  of  this  decade,  and  the 
earlier  reports  of  Kerr,  at  it^  close,  present  practically  nothing  new  on 
the  Eocene  geology  of  North  Carolina. 

In  the  ^*  First  Report  to  the  Cotton  Planters'  Convention  of  Georgia 
on  the  Agricultural  Resources  of  Georgia"  (1800),  the  iiuthor,  Joseph 
Jones,  gives  an  account  of  "  the  Tertiary'  lime  formations ''  of  the  State. 
Many  localities  are  cited  where  fossils  had  been  found,  and  the  general 
character  of  the  strata  in  Burke  and  Washington  Counties  is  dwelt 
upon. 

Of  the  geological  work  performed  under  State  authority  during  this 
period,  the  investigations  of  Hilgard  in  Mississippi  and  Louisiana  de- 
serve special  mention.  In  the  former  his  "  Report  on  the  Geology  and 
Agriculture  of  the  State  of  Mississippi  (1800) "  has  been  by  far  the  most 
Important  contribution  to  its  geology.  In  this  report  the  early  Tertiary 
is  divided  into  (1)  Great  Northern  Lignite;  (2)  Claiborne;  (a)  siliceous, 
{b)  calcareous  ;  (3)  Jackson ;  (4)  Vicksburg.  The  most  detailed  obser- 
vations are  there  recorded,  and  from  a  comparative  stud^'  of  the  fossils 
collected  a  correlation  of  the  leading  horizons  of  the  Eocene  is  success- 
fully accomplished. 

Two  short  reports  on  the  geology  of  Louisiana  by  the  same  author 
appeared  at  the  close  of  the  decade.    The  second  or  final  report  was 
not  published,  however,  until  1873.    The  stratigraphy  of  the  Eocene  is 
Bull.  83 3 
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not  dwelt  apon  very  fully  in  these  reports,  bat  the  aathor's  conclusions 
are  valuable  from  his  intimate  knowledge  of  the  same  formations  in 
Mississippi. 

Safibrd's  '^  Geology  of  Tennessee"  (1869),  contains  much  of  importance 
upon  the  Teritary  of  that  State.  The  lignite  deposits  are  divided  into 
(I)  Porters  Creek  group  (provisional)^  (2)  Orange  Sand  or  La  Grange 
group ;  (3)  Bluff  Lignite  group. 

Numei*ous  sections  and  lists  of  plant  remains  are  given,  and  the  gen- 
eral limits  of  the  Eocene  are  designated. 

The  second  of  Owen's  reports  on  the  geology  of  Arkansas  (1S60), 
although  it  appeared  at  the  beginning  of  this  decade,  has  been  earlier 
referred  to. 

A  valuable  classificatory  list  of  Eocene  fossils  was  published  by 
Conrad  in  1866,  in  the  Smithsonian  Miscellaneous  Collections.^ 

Some  most  valuable  contributions  to  the  history  of  the  life  of  the 
Eocene  period,  which  includes  the  descriptions  of  many  new  species, 
were  presented  by  Conrad^,  Marsh^,  Cope*,  Lesquereux^,  and  Heilprin^, 
during  the  decade  1870-'80. 

In  an  article  on  the  '^  Geological  History  of  the  Gulf  of  Mexico,"^ 
read  before  the  American  Association  for  the  Advancement  of  Science, 
Hilgard  presents  some  important  conclusions  as  to  the  age  of  the  lig- 
nite deposits  of  the  Gulf  States.    He  says : 

So  far,  indeed,  from  considering  the  predoininently  lignitiforous  area  as  represent- 
ing a  period  distinct  from  the  older  marine  Tertiary,  I  have  little  doubt  that  the 
larger  portion,  if  not  all,  of  the  beds  I  have  heretofore  designated  as  the  northern 
lignitic  (and  Flatwood  clay)  group  (La  Grange  and  Porter's  Creek  groups  of  Saf- 
ford)  are  the  strict  equivalents  in  time  of  the  oldest  marine  beds  observed  in  Sonth 
Carolina  and  Alabama,  and  designated  by  Tuomey  as  the  Buhrstone  group  (''Sili 
ceoas  Claiborne"  of  my  Mississippi  Report). 

He  adds,  furiher,  that  the  lignitic  facies  is  but  slightly  developed  in 
Alabama  as  compared  with  the  upper  portion  of  the  Mississippi  Em- 
bayment.  ^<  In  Arkansas;  nevertheless,  small  marine  beds  are  more 
liberally  interspersed  among  the  lignitic  clays  than  is  the  case  east  of 
the  Mississippi." 

Articles  by  Shaler®,  Hitchcock^,  Leidy^®,  Vogdes",  Heinrich",  and 

Fontaine",  contain  references  to  early  Tertiary  stratigraphy  that  are  of 

1 — — __ 

I  Smithsonian  Misc.  Coll.,  voL  7, 1866,  art.  6,  pp.  1-41. 

*  Am.  Jonr.  Sci.,  3d  ser.,  vol.  1, 1871,  pp.  468, 469  ;  Philadelphia  Acad.  Kat«  Soi.,  Proo.,  toL  24,  IfiTS,  ppw 
50-55,216,217. 

*  Am.  Assoc.  Adv.  Sci.,  Proc,  vol.  26^  1877,  pp.  211-258. 

«  Am.  Phil.  Soo.,  Proc,  vol.  11, 1870,  pp.  285-204 ;  voL  17, 1877,  pp.  82-84^ 
•Ibid.,  Trans.,  new  ser.,  vol  13, 1870,  pp.  411-433. 

*  Philadelphia  Acad.  Nat  Sci.,  Proc.,  voL  31, 1870,  pp.  211-216, 217-22& 

'Am.  Assoc.  Adv.  Sci.,  Proc,  vol.  20,  1871,  pp.  222-236;  Am.  Jonr.  ScL,  31  ser.,  vol  S^  1871,  pj^ 
981-404. 
>  Boston  Soc.  Nat.  History,  Proc,  vol.  13, 1870,  pp.  222-236. 
•Am.  Assoc  Adv.  Sci.,  Proc,  vol.  22,  pL  2, 1873,  pp.  131, 132. 
1*  Philadelphia  Acad.  Nat  Sci.,  Jour.,  new  ser.,  vol  8,  pp.  200-263L 
"  Am.  Jonr.  Sci.,  3d  ser.,  vol.  16, 1878,  pp.  69, 70. 
u  Am.  Inst  Min.  Bag.,  Trans.,  vol.  6, 1878.  pp.  227-274. 
M  Am.  Jonr.  Sol.,  3d  ser.,  toL  17, 1879,  pp.  25-39, 151-157, 22»-239l 
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valae  in  conjanction  with  the  more  extended  accoants  of  the  same 
localities  elsewhere  published  and  referred  to. 

A  work  that  contains  mach  scattered  information  in  regard  to  the 
Eocene  is  Macfarlane's  ^^American  Geological  Bailroad  Gaide,"  that 
first  appeared  in  1879.    A  second' edition  was  published  in  1890. 

During  the  dec^ule  (1870-'80)  a  marked  increase  in  activity  in  geolog- 
ical work  was  manifested  on  the  part  of  the  States. 

In  New  Jersey  annual  reports  were  published  by  Prof.  Cook,  though 
little  of  importance  was  added  to  the  knowledge  of  the  Eocene. 

^'Virginia,  a  geographical  and  political  summary,"  by  Jed.  Hotch- 
kiss,  is  the  title  of  a  book  that  appeared  in  1876.  It  contains  a  brief 
summary  of  the  Tertiary  geology  of  that  State  and  several  type  sec- 
tions of  the  Eocene.  Most  of  the  author's  conclusions  are  identical 
with  those  in  the  earlier  reports  of  Kogers. 

The  State  geologist  of  North  Garolin^,  W.  0.  Kerr,  published  sev- 
eral reports  during  this  period,  the  most  important  of  which  is  a  '^Re- 
port of  the  Geological  Survey  of  North  Garolina,  vol.  1, 1876,"  in  which 
the  Eocene  is  stated  as  limited  by  the  Neuse  and  Cape  Fear  Rivers  on 
the  north  and  south  respectively,  a  few  isolated  outcrops,  alone  ex- 
cepted. An  appendix  to  this  report  contains  an  article  by  Conrad  on 
the  Tertiary,  with  descriptions  of  new  species  of  fossils. 

Several  works  of  a  geological  character  appeared  at  this  time  beak*- 
ing  upon  the  Eocene  of  Georgia.  Three  short  reports  by  the  State 
geologist,  George  Little,  were  published  in  1875, 1876,  and  1878.  The 
"Geology  and  Mineralogy  of  Georgia"  (1871),  by  M.  F.  Stevenson, 
contains  an  outline  of  the  main  features  of  the  Eocene,  which  were 
later  restated  by  T.  P.  Janes  in  his  "Handbook  of  the  State  of 
Georgia"  (1876.) 

The  earlier  publications  of  the  present  geological  survey  of  Ala- 
bama, beginning  in  1875,  contain  nothing  upon  the  Eocene.  In  an 
"  Outline  of  the  Geology  of  Alabama,"  by  E.  A.  Smith,  State  Geolo- 
gist, in  "  Berney's  Handbook  of  Alabama  "  (1878),  the  Eocene  is  divided 
into: 

l:  ^I^kl^S'  \ • ^pp«'  ^»"''"«- 

i:a*:?me! MiddU  Eocene. 

1.  Lignitioaad  Bubrstono Lower  Eocene. 

The  characteristic  features  of  each  group  are  given,  and  in  a  general 
way  its  boundaries. 

Three  annual  reports  on  the  geology  of  Louisiana  were  published  in 
the  early  part  of  this  decade  by  F.  Y.  Hopkins.  Much  attention  is 
given  to  the  Eocene,  particularly  to  the  Jackson  and  Yicksburg  groups, 
and  lists  of  fossils  are  appended. 

Two  reports  of  the  geological  and  agricultural  survey  of  Texas  were 
presented  by  S.  B.  Buckley  in  1874  and  1876.  They  added  little  of 
value  to  previously  existing  knowledge  of  the  Eocene. 

Pro£  K  S.  Shaler  published  four  reports  upon  the  geolo^^  qC  ^^^- 
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tacky  that  contain  meag^er  reference  to  tbe  Eocene  strata  of  the  western 
portion  of  the  State. 

It  is  hardly  necessary  to  consider  in  detail  the  literature  of  the  last 
decade  (1880-'90),  as  the  results  of  the  investigations  of  that  period  will 
be  incorporated  in  the  sabseqent  portions  of  this  report.  In  passing, 
however,  it  is  necessary  to  refer  to  a  discussion,  precipitated  by  Dr. 
Otto  Meyer,  in  regard  to  the  stratigraphical  position  of  the  varioas 
members  of  the  early  Tertiary  of  the  Gulf  States.  Chiefly  fEom  a  study 
of  the  fossils,  but  likewise  from  investigations  in  the  field,  Meyer  came 
to  the  conclusion  that  the  order  of  succession  of  the  various  Tertiary 
formations  is  just  the  reverse  of  that  generally  accepted,  viz :  That 
the  Yicksburg  beds  occupy  the  position  accorded  to  the  Claiborne,  aud 
that  the  order,  beginning  with  the  lowest,  is  (I)  Yicksburg,  (2)  Jackson, 
(3)  Claiborne,  instead  ot(l)  Claiborne,  (2)  Jackson,  (3)  Yicksburg,  as flrst 
made  out  by  Lyell  and  accepted  by  all  subsequent  investigators. 
Meyer's  position  was  attacked  by  Hilgard,  Smith,  Heilprin,  and  others, 
whose  long  experience  in  the  study  of  the  southern  Tertiary  showed 
the  fallacy  of  such  conclusions.  It  is  not  necessary  here  to  enter  into 
the  details  of  the  discussion,  or  present  more  at  length  the  grounds 
upon  which  Meyer  based  his  argument.  Most  of  the  articles  appeared 
in  the  American  Journal  of  Science^  and  Science '  in  1885-'86. 

Among  the  contributors  upon  Eocene  geology  during  this  decade 
are  Heilprin,^  Smith,*  Hilgard,*  Aldrich,®  Johnson,"'  Meyer,^  Kerr,' 
Gardner,»«  Dall,ii  Mell,i«  White,"  Winchell,'*  Hill,i«  Miller,i«  Uhler," 
Carai)bell,"  Langdon,^*  McGee,^  Darton,*^  and  the  writer  of  this  pa|)er.2» 

1  Am.  Jour.  Sci.,  Sdser.,  voL  29, 1885,  pp.  457-468;  voL  30,1885, pp.  60-72, 2Ce-2(»,  270-275,  300-308,  421-135; 
Tol.  32, 1886,  pp.  20-25. 

^Science,  vol.  5, 1885,  pp.  475, 476 ;  toL  6, 1885,  pp.  44, 83, 143, 144 ;  vol.  7, 1886,  p.  11. 

•Philadelphia  Acad.  Nat  Sci.,  Proc.  vol.  32,  1880,  pp.  20-33, 364-375  ;  vol.  33, 1881,  pp.  151-150, 416-422, 
423-428,444-447,448-453;  vol.  34,  1882,  pp.  150-186,  189-193;  vol.30,  1884, pp.  321-322;  vol.  39, 1887, pp. 
814-322;  Science,  voL  5, 1885, pp.475, 476 ;  Wagner  Freelnst, Sci.,  Trans.,  vol  1, 1887, pp  1-134;  U.  S. G«. 
ological  Survey,  Fourth  Ann.  Keport,  1882-'83,  Appendix  I,  pp.  309-316. 

«Am.  Jour.  Sci.,  3d  ser.,  vol.  21, 1881,  pp.  292-309;  Science,  vol  5,  1885,  pp.  376,  305-396;  Am.  Geol., 
voL  2, 1888,  pp.  269-284 ;  U.  S.  Geol.  Surv.,  Bull.  No.  43, 1887. 

*  Am.  Jour.  Sci.,  3d  ser.,  vol.  22, 1881,  pp.  5H-65. 

•Cincinnati  Soc  Nat.  Hist.  Jonr.«  vol.  8, 1885,  pp.  145-153, 256, 257 ;  vol.  9, 1886,  pp.  104-114. 

'  Science,  vol.  2, 1883,  p.  777 ;  Am.  Jour.  Sci.,  3d  ser.,  vol.  36, 1888,  pp.  230-236. 

■Fhih^lelphia  Acad.  Nat.  Sci.,  Proc.  vol.  36.1884,  pp,  104-1 12;  vol.  39, 1887,  p.  51;  Bericbt  iiberd. 
Senok.  Naturf.   Gesells.  in  Frankfurt,  a.  M.,  1887,  pp.  1-20. 

•Am.  Nat.,  vol.  19,  1885,  p.  69 ;  Elishir  Mitchell  ScL  Soc,  Proc,  vol.  2,  1884-'85.  pp.  79-S4, 86-00. 

i^Brit.  Assoc,  Kept  54lh  meet,  1884,  pp.  730-741 ;  Geol.  Mag.,  new  ser.,  decade  3,  voL  1, 1884,  pp.  49^ 
506. 

"  Am.  Jour.  Sol.,  3d  ser.,  vol  34. 1887,  pp.  161-170. 

»  Am.  Inst  Min.  Eng.,  Trans.,  vol  8, 1880,  pp.  304-313. 

"  Washington  BioL  Soc,  Proc,  vol  3, 1885,  pp.  1-20 ;  Am.  Jour.  Sci.,  3d  ser.,  vol  35, 1888,  pp.  432-438. 

i«  Science,  vol.  3, 1884.  p.  32. 

"U.  S.  Geol.  Surv.,  Boll.  45, 1887. 

** North  American  Mesozoic  and  Cenozoic  Geology  and  Paleontology,  1881. 

"  Maryland  Acad.  Sci.,  Trans,  vol.  1, 1888-'90,  pp.  10-32. 45-72, 97-104. 

1*  Am.  Jour.  Sci.,  3d  ser.,  vol.  31, 1880,  pp.  193-202. 

»» Ibid.,  vol.  31, 1886,  pp.  202-209  ;  Geol.  Soc.  America,  Bull.,  vol.  2, 1891,  pp.  587-605. 

» Ibid.,  vol.  35.  1888,  pp.  120-143, 328-330, 367-388, 448-466 ;  Geol.  Soc  America,  Bull.,  vol.  2, 1891,  pp.  2-6. 

*>  Geol.  Soc.  America,  Bull.,  vol.  2, 1891,  pp.  431-450 

» Ibid.,  vol.  1,1890,  pp.  537-540;  Johns  Hopkins  Vuiversity,  Circulars,  vol  7,  1887,  pp.6&-^7;  voL9b 
1890,  pp.  60-71 ;  vol  10, 1891,  pp.  10^108^ 
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Id  1884  Heilprin  published  the  most  important  treatise^  that  has 
appeared  upon  the  general  features  of  Eocence  stratigraphy.  In  the 
main  the  work  embodies  the  points  presented  in  namerous  articles  in 
the  Proceedings  of  the  Academy  of  Natural  Sciences  of  Philadelphia, 
and  referred  to  above.  It  has  thus  far  been  the  only  attempt  at  a 
succinct  treatment  of  the  subject  of  Tertiary  geology,  and  the  conclu- 
sions at  which  Prof.  Heilprin  has  arrived  are  most  valuable,  and  will 
often  find  {ilace  in  the  pages  of  this  report. 

Surveys  were  prosecuted  in  many  of  the  States  during  this  decade. 
In  New  Jersey  I'rof.  Cook,  the  State  geologist,  published  annual  re- 
ports. Under  the  same  auspices  a  memoir  by  Prof.  Whitfield,  on  the 
Brachiopoda  and  Lamellibranchiata,  appeared,  in  which  the  Eocene 
species  from  Monmouth  Gounty  are  figured  and  described. 

In  the  Carolinas  two  works  of  a  general  character  that  include  chap- 
ters upon  geology  appeared  in  1883 ;  the  first,  entitled  a  *«  Handbook 
of  the  State  of  North  Carolina,"  was  published  under  the  direction  of 
the  board  of  agriculture ;  the  second,  '<  South  Carolina  Eesources  and 
Population,  Institutions  and  Industries,"  prepared  by  H.  Hammond. 

The  municipal  report  of  the  city  of  Charleston  for  1884  contains  an 
article  on  artesian  wells,  in  which  a  detailed  section  is  given  of  the 
geological  strata  beneath  the  city,  to  a  depth  of  nearly  2,000  feet. 

**  The  Commonwealth  of  Georgia"  (1885),  by  J.T.  Henderson,  gives 
the  boundaries  and  general  character  of  the  Eocene  belt. 

The  Florida  State  geological  survey,  under  J.  Kost,  has  published 
but  little  on  the  older  Tertiary  limestones. 

In  Alabama  the  State  Geological  Survey  has  been  ably  prosecuted 
under  Prof.  E.  A.  Smith,  and  the  reports  of  the  survey,  together  with 
Bulletin  43  of  the  U.  S.  Geological  Survey,  aflbrd  a  detailed  account  of 
the  most  important  sections  of  the  Eocene  of  that  State. 

In  Arkansas  the  State  geological  survey  published  in  1889  a  report 
on  the  Neozoic  formations  by  Prof.  Robert  T.  Hill,  in  which  the  Eocene 
is  fully  considered. 

The  present  Texas  geological  survey  has  presented  in  its  first  annual 
report  for  1889  a  preliminary  statement  by  R.  A.  F.  Penrose,  jr.,  con- 
cerning the  Gulf  Tertiary  area  in  which  the  stratigraphical  relations  of 
the  Eocene  are  discussed. 

A  critical  examination  of  the  literature,  a  brief  summary  of  which  has 
been  given,  will  convince  one  that  although  much  has  already  been 
done,  far  more  exhaustive  and  systematic  investigations  must  be  made 
before  our  knowledge  of  the  Eocene  formation  of  the  Atlantic  and  Gulf 
coast  region  approaches  in  any  degree  to  completeness. 


1  ContributionH  to  tbe  Tertiary  Geolo;;y  and  Paleontology  of  the  United  States,  Philadelphia,  tlio 
aathoi,  188i,  4to,  117  pp.  and  map. 
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GENERAL  BOUND  ABIES. 

The  Eocene  of  the  Atlantic  coast  extends  as  a  narrow  band  inter- 
mittingly  appearing  and  disappearing  across  the  States  of  New  Jersey, 
Delaware,  Maryland,  and  Virginia,  and  thence  with  an  increase  in 
width  of  surface  exposure  across  the  Carolinas  and  G^eorgia  into  Florida* 
Within  the  Gulf  States  it  outcrops  over  a  still  greater  area,  extending 
from  Florida  across  central  Alabama  and  Mississippi,  while  id  the  latter 
a  northward  extensioacovers  much  of  the  northern  portion  of  that  State 
together  with  parts  of  eastern  Tennessee  and  Kentucky  and  southern 
Illinois.  Upon  the  western  bank  of  the  Mississippi  the  Eocene  is  found 
in  southeastern  Missouri,  and  much  more  widely  represented  over 
eastern  and  southern  Arkansas  and  western  Louisiana,  while  a  band 
of  considerable  width  extends  across  Texas  in  a  southwesterly  direc- 
tion to  the  Mexican  border. 

Throughout  the  Atlantic  and  Gulf  States  the  exposures  of  Eocene  are 
separated  from  the  coast  line  by  a  region  of  greater  or  less  width,  in 
which  later  Tertiary  and  ,post-Tertiary  deposits  constitute  the  land 
surface.  On  the  other  hand,  the  Eocene  seldom  comes  in  cont^ict 
with  the  older  rocks  of  the  Piedmont  Plateau,  but  is  in  nearly  all  eases 
separated  from  them  by  an  area  of  Mesozoic  formations.  Occup3'ing 
aes  it  does  a  more  or  less  central  position  in  the  coastal  plain,  the 
Eocene,  after  its  first  appearance  in  eastern  New  Jersey  near  the  coasts, 
maintains  a  distance  of  from  50  to  75  miles  from  the  same  through 
Maryland  and  Virginia.  Beginning  with  a  width  of  exposure  in  eastern 
New  Jersey  ot^ess  than  5  miles,  it  broadens  in  Maryland  and  Virginia 
to  20  or  25.  This  is  very  greatly  increased  in  North  Carolina,  where 
many  isolated  outcrops  are  found  scattered  from  Wilmington  and  New 
Berne  to  near  Raleigh,  the  first  scarcely  10  miles  from  the  coast,  the 
last  considerably  over  100  miles.  In  South  Carolina  the  different 
divisions  of  the  Eocene  are  found  over  quite  as  wide  an  area,  and  in  the 
vicinity  of  Charleston  approach  within  a  few  miles  of  the  sea.  Less  is 
known  of  its  boundaries  in  Georgia  and  Florida,  but  that  it  is  widely 
extended  and  in  thelTormer  State  reaches  over  150  miles  from  the  coast 
is  recognized.  The  careful  study  made  of  the  Eocene  in  Alabama  and 
Mississippi  make  it  possible  to  speak  with  some  accuracy  as  to  its  limits. 
Extending  in  a  northwesterly  direction  across  the  southern  and  central 
portions  of  these  States,  its  distance  at  the  boundary  between  them  is 
not  far  from  100  miles  from  the  Gulf,  while  its  northward  extension  in 
the  latter  Stnte,  to  form  the  Mississippi  embayment,  reaches  across 
Tennessee  and  Kentucky  into  Illinois,  with  a  width  of  exposure  north 
of  the  Gulf  and  east  of  the  Missi8si])pi  River  of  from  50  to  over  100 
miles.  The  region  of  the  Eocene  extending  from  Missouri  south- 
westward  through  Arkansas,  Louisiana,  and  Texas,  although  a  con- 
tinuation of  the  eastern  belt  is  yet  separated  from  it  and  the  Gnlf  by  a 
wide  area  of  more  recent  deposits  that  have  been  formed  by  the  Missis- 
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sippi  and  other  streams  reachiDg  the  coast.  The  width  of  the  outcrop 
in  Louisiana  and  Arkansas  is*  quite  150  miles,  which  again  becomes  con- 
tracted as  eastern  central  Texas  is  reached. 

In  the  next  chapter  a  more  detailed  discussion  of  the  geographical 
distribution  of  the  deposits  in  the  several  States  will  be  found. 

STRATIGRAPHICAL  AND  PALEONTOLOGICAL  CHARACTERISTICS. 

GENERAL  REMARKS. 

The  Eocene  constitutes  a  well  defined  stratigraphical  and  paleon- 
tological  unit  in  the  series  of  late  Mesozoic  and  Genozoic  deposits  of 
the  coastal  plain.  A  brief  sketch  of  the  succession  of  events  during 
the  formation  of  that  area  will  aid  in  acquiring  a  clear  idea  of  the  rela- 
tionship of  the  Eocene  to  the  other  members  of  that  series. 

At  about  the  opening  of  the  Oretaceous  period,  or  perhaps  somewhat 
earlier,  a  great  depression  of  the  continent  took  place  along  the  Atlan- 
tic and  Gulf  borders,  by  which  the  coast  line  was  moved  far  inland 
against  the  buttress  of  Archean  and  Paleozoic  strata.  The  gravels, 
sands,  and  clays  of  this  basal  formation  have  received  different  names 
in  the  different  regions  in  which  they  are  represented — upon  the  At- 
lantic coast  the  Potomac,  on  the  eastern  Gulf  coast  the  Tuscaloosa,  and 
on  the  western  Gulf  the  Trinity  formation.  In  the  western  Gulf  region 
the  Trinity  formation  is  succeeded  by  the  Gomauche  series,  character- 
ized by  limestones  and  a  fauna  that  denotes  a  deep  infralittoral  origin. 

A  marked  continental  elevation  occurred  previous  to  the  great  sub- 
sidence that  opened  the  Upper  Gretaceous  epoch  throughout  the  At- 
lantic and  Gulf  cojvst  region.  The  deposits  of  this  age,  largely  green- 
sand  marls  on  the  Atlantic  coast  and  marls  and  limestone  on  the  Gulf 
border,  are  the  basement  beds  upon  which  the  Eocene  strata  have  been 
chiefly  laid,  though  these  are  also  found  uuconformably  overlying  the 
earlier  horizons  in  local  areas. 

Tbe  materials  of  which  the  Eocene  deposits  are  formed  were  mainly 
derived  from  the  softer  beds  of  the  Gretaceous  series,  although  the 
continental  area  to  the  north  and  west  supplied  a  considerable  admixture 
of  sand  and  clay.  The  deeper  water  deposits  of  late  Eocene  time  were, 
however,  largely  the  accumulations  of  organic  remains  in  a  sea  only 
periodically  exposed  to  the  inroads.of  land-derived  materials.  Through- 
out the  Gulf  area  and  at  times  locally  represented  on  the  Atlantic  coast 
are  shore  deposits  of  lignitic  character  and  in  part  at  least  of  brackish 
water  origin,  that  attain  great  thickness  in  the  Mississippi  embay- 
ment,  and  in  the  southwest  appear  at  different  horizons  to  the  top  of 
the  Eocene. 

Unconformably  overl3'ing  the  Eocene  with  its  varied  development  in 
brackish  and  marine  deposits,  is  the  Neocene  which  likewise  occurs 
under  very  different  facies  in  different  portions  of  the  coastiil  area. 
Composed  largely  of  sands,  clays,  and  in^5vt\^  \Xi^\»  Xi-a^^  \i^^w\».  v^ijtfv* 
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derived  from  the  Eocene  itself,  it  occupies  a  baud  of  varying  breadth 
upon  the  shoreward  side  of  the  deposits  of  that  horizon. 

Spread  widely  over  nearly  the  entire  ^rea  of  the  coastal  plain  are 
post-Tertiary  deposits  of  varied  origin,  the  details  of  which  it  is  un- 
necessary to  discass  here,  that  bury,  almost  completely,  the  Cretaceo- 
Tertiary  series. 

Due  to  the  slight  elevation  of  the  region  above  sea  level  and  the  com- 
paratively slight  inroads  that  have  been  made  into  the  surface  covering 
by  denudation  since  their  deposition,  the  outcrops  of  the  pre-Quater- 
nary  series  are  confined  chiefly  to  the  channels  of  the  rivers  and  their 
larger  tributaries.  The  strata  that  have  just  been  described  as  enter- 
ing into  the  formation  of  the  coastal  plain  are  approximately  horizontal, 
with  a  dip  of  a  few  feet  to  the  mile  toward  the  east  on  the  Atlantic 
coast  and  toward  the  south  on  the  Gulf  border.  Few  disturbances  of 
the  strata  have  occurred  throughout  the  territory,  and  only  locally 
have  the  beds  shown  any  change  from  the  original  condition  of  their 
deposition. 

When  search  is  made  in  the  literatifro  for  data  upon  which  to  con- 
struct a  typical  section  of  Eocene  strata  for  the  Atlantic  and  Gulf 
coast  region  the  contradictory  nature  of  the  material  at  hand  renders 
the  consummation  of  the  task  difficult  and  the  results  doubtful. 

The  Eocene  is  so  varied  in  its  facies  in  diflFerent  portions  of  the  area 
that  it  becomes  often  perplexing  to  determine  to  which  division  of  the 
series  a  particular  deposit  belongs. 

As  the  work  has  been  prosecuted  largely  under  State  supervision, 
and  as  the  State  geologists  have  employed  chietly  local  terms  in  the 
designation  of  the  different  horizons,  it  is  thought  advisable  to  consider 
the  stratigraphy  of  each  State  by  itself,  and  subsequently  to  endeavor 
to  correlate,  so  far  as  may  be^  the  different  divisions.  Such  treatment 
is  but  seldom  warranted  on  strati  graphical  grounds,  yet  the  character 
of  the  literature  makes  it  in  this  case  the  only  feasible  method.  A 
consideration  of  the  subject  by  provinces  is  much  more  to  be  desired, 
but  this  would  be  hazardous  with  our  present  meager  knowledge  of  the 
area.  A  provisional  establishment  of  provinces  is,  however,  attempted 
in  a  later  chapter. 

NEW  JERSEY. 

The  green-sand  marls  of  New  Jersey  early  attracted  the  attention  of 
geologists,  and  the  similarity  of  the  .fossils  to  those  of  the  Cretaceous 
of  Europe  was  soon  recognized.  That  horizons  other  than  the  Creta- 
ceous were  represented  in  the  marl  series  was  not  at  first  entertained, 
and  even  after  the  upper  beds  were  shown  to  contain  Eocene  fossils 
their  conformity  to  the  Cretaceous  marls  was  for  a  still  longer  period 
considered  probable.  Conrad,*  in  1848,  first  referred  themarl«  of  the 
upper  portion  of  the  Upper  Marl  Bed  near  Long  Branch  to  the  Eocene, 

1  Philadelphia  Acad.  Nat  Sci.  Jour.,  2d  aer.,  vol.  1, 1848,  p.  129. 


CLARK.  I  NEW   JERSEY.  41 

and  Cook,*  in  1883,  first  proved  by  detailed  field  work  tbe  nnconformity 
of  that  formation  to  the  Cretaceous.  The  paleontological  investiga- 
tions of  Whitfield  have  farther  snbstantiated  the  resalts  of  Conrad  and 
Cook. 

From  the  standpoint  of  stratigraphy  the  Eocene  of  New  Jersey  does 
not  form  a  prominent  feature  in  the  coastal  deposits.  The  conditions  for 
its  formation  were  not  markedly  different  from  those  in  other  portions 
of  the  marl  series,  so  that  stiactarally  the  dissimilarities  are  not  cou- 
spicnons.  Furthermore,  the  inconsiderable  thickness  of  the  deposits 
renders  the  geographical  distribution  limited.  Although  the  dip  has 
been  estimated  to  be  only  2a  feet '  to  the  mile,  it  soon  carries  the  strata 
below  sea  level  in  a  country  so  slightly  elevated  above  tide  as  this  por- 
tion of  the  coastal  plain. 

It  is  probable  that  the  Eocene  extends  as  an  unbroken  band  from 
northeast  to  southwest  across  the  State,  although  its  surface  continuity 
is  frequently  interrupted  by  the  covering  of  more  recent  deposits. 
These  toward  the  south  acquire  considerable  thickness. 

The  most  northern  exposure  is  on  Deal  Beach,  where  numerous  pita 
have  been  sunk  into  the  marl  near  tide  water.  Several  other  localities 
are  found  in  Monmouth  County,  particularly  that  of  Shark  Elver,  the 
best  known  of  all,  and  isolated  exposures  near  Farmingdale,  Squankum, 
and  neighboring  places.  To  the  southeast  of  these  localities  an  almost 
continuous  band  of  the  Upper  Marl  Beds  is  found  extending  from  near 
New  Egypt,  Ocean  County,  across  Burlington  County  to  near  Clemen- 
ton  in  Camden  County.  A  continuation  of  this  belt,  beginning  at  Deal 
and  extending  to  Clementon,  would  reach  the  Delaware  River  not  far 
from  Salem,  but  to  the  southwest  of  Clementon  it  is  buried  from  sight 
by  later  deposits. 

The  stratigraphical  sequence  of  deposits  in  the  Upper  Marl  Bed,  as 
established  by  the  late  Prof.  Cook,  State  geologist,  is  as  follows : 

i  Bine  Marl Eocene. 

Upper  Marl  Bed.... <A8hMarl..  ^  ^    . 

^GreenMarli Cretaceous. 

He  thus  describes  the  Blue  Marl : 

The  Blue  Marl. — ^This  layer  lies  directly  upon  the  Anb  Marl,  without  any  weU 
marked  line  of  diviRion,  and  it  is  terminated  above  by  surface  sand  and  loam,  or  by 
what  is  called  rotten  stone;  it  is  11  feet  thick;  it  is  a  mixtureof  green  sand  and  light- 
colored  earth  :  the  upper 2  or  3  feet  are  qnite  hard  and  stony.  It  lies  unconformably 
on  tbe  layers  beneath  ;  its  fossils  are  qnite  distinct  and  are  pronounced  by  paleontol- 
ogists to  be  of  the  Eocene  division  of  the  Tertiary  age.' 

The  stratigraphical  and  paleontological  individuality  of  the  New 
Jersey  Eocene  thus  clearly  stated  by  Cook  has  been  recognized  by  many 
other  geologists  who  have  investigated  the  strata. 

The  fossils,  although  varying  in  a  marked  degree  from  those  of  the 
preceding  deposits  of  the  marl  series,  still  lack  the  more  characteristic 

I  Geo].  Snnr.  New  Jersey,  Ann.  Rept,  1883,  pp.  13-19. 

*  Ibid.,  p.  19. 

'Geolojsy  of  New  Jersey,  1868,  p.  275 ;  reprinted  in  Geol.  Surr.  New  Jerae^,  AA.^.B«^V^Vt9HVw^.'^a5L« 


42 


THE   EOCENE. 


(Bou^a 


forma  fonncl  ,n  the  Eocene  to  the  south.     Such  tyi.ical  speciea  as 

planteo>ta,  and  Turritella  Mortoni  B.Tt>  wantinc     The  TIZ^ll.       I 
butlons  (published  and  in  press)  to  the  palilog^o  Zt w  i:^"' 
Cretnceons  and  Eocene  bv  Prof  R    P  wi»#.«^i/    •         ,  «iereej 


Ostrea  glanconoides  Whitfield. 

liugiiafelis  Whitfield. 
Pecf  eu  Kneiskerni  Conrad. 

Rigbyi  WhitfieJd. 
Avicula  annosa  Conrad. 
Nnciilft  circe  Whitfield. 
Nucnlana  albaria  Conrad  (Yoldia  pro- 

ti^xta  Conrad). 
Nucnlarla  secunda  Whitfield. 
Axinea  Conradi  Whitfield. 
Aatarte   castanella    Whitfield  (Crasaina 
veta  Conrad), 
planimarginata  Whitfield. 
Cardita  perantiqna  Conrad  (Cardita  nub- 
qnadrata  Gabb). 
Brittoni  Whitfield. 
Crassatella  alta  Conrad, 
obliqnata  Whitfield. 
Protocardium  cnrtnm  Conrad. 
Caryatis  ovalis  Whitfield  (Cary  at  is  dela- 

warensis  Conrad). 
Veleda  equilatora  Whitfield. 
Corbnla  (Nej^ra)  nasntoides  Whitfield. 
Ncjora  ujquivalvm  Whitfield. 
Parapholas  Kneiskerni  Whitfield. 
Teredo  emacerata  Whitfield. 

Glossophora, 

Leptomaria  gigantea  Whitfield, 
pergranosa  Whitfield, 
perlata  Conrad  sp. 

Architectouica  annosa  Conrad. 

Natica  globulella  Whitfield. 

Xenophora  lapifereus  Whitfield. 

Scalaria  tennilirata  Whitfield. 

Mesalia  elongata  Whitfield. 
Calyptophorns  vetnsta  Conrad. 
Rhinocantha  [f]  Conradi  Whitfield. 
Cyprasa  sabnloroides  Whitfield. 
Cassidaria  carinata  Lamarck. 
Ficiis  penitas  Conrad. 
Triton  eocense  Whitfield. 


Psendoliva  vetnsta  Conrad. 
Fusns  angnlaris  Whitfield, 
eocenicus  Whitfield, 
pancicostatns  Whitfield, 
peciobesns  Whitfield, 
pluricostatns  Whitfield. 
(Neptunea)  hector  Whitfield. 

var.  niultilineatua  Whitfield, 
staniinea  Conrad. 
(Urosalpinx)  mnlticostatoa  Whitfield. 
Trematofasus  venustus  Whitfield. 
Clavella  raphanoides  Conrad. 
Faaciolaria  hercnles  Whitfield, 
propinqna  Whitfield. 
Sanispni  Whitfield. 
Voluta  Newcomhiana  Whitfield, 
parvula  Whitfield, 
perelevata  Whitfield. 
Bcaphoides  Whitfield, 
vesta  Whitfield, 
lelia  Whitfield. 
CaricelJa  ponderosa  Whitfield. 

pyroloides  Conraii. 
Volntilithes  cancellata  Whitfield. 
Sayana  Conrad. 

Murex  (Pleuronotus  f )  levi  varicosa  Whit- 
field. 

Cancellariarndis  Whitfield. 

Plenrotoma  snrculiformis  Whitfield. 

regularicostata  Whitfield. 

(Snrcula)  altispira  Whitfield, 
perobesa  Whitfield. 
Snrculitea  arenosa  Conrad. 

cadaverc^sa  Whitiield. 

cnrta  Whitfield. 
Conns  snbsauridens  Whitfield. 
Actoion  prisca  Conrad. 

(Tomatina)  lata  Conrad. 
WethereJli  Lea. 

Cephalopoda. 


Nantilns  Cookana  Whitfield. 
Atoria  Yannxemi  Conrad. 
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In  addition  to  the  invertebrate  fossils  described  by  Oonrad  and  Wliit- 
field,  Marsh^  and  Oope'  have  added  a  few  vertebrate  forms. 

Mammalia Siis.  sp Monmouth  Co. 

C  DinophislittoralisCope Shark  River. 

Keptilia.... <         halidauas  Cope Sqnankum. 

(         ^andis  Marsh Shark  River. 

IMyliohatis  glottoidos  Cope Farmiugdale. 
rectidens  Cope ^... Harrisonville. 
biscalus  Marsh Moumoath  Co. 
Coelorhynchns  acas  Cope Farmingdale. 
Histiophoras  parvnlas  Marsh Sqnankum. 
Emhalorynchus  Kinnei  Marsh Sqnankum. 
Phyllodus  elegans  Marsh Farmingdale. 

DKLAWABS. 

Until  the  recent  investigations  of  Darton'  no  positive  evidence  had 
been  adduced  of  the  occurrence  of  Eocene  within  the  limits  of  the  State 
of  Delaware,  although  Heilprin  in  his  <^  Gontribntions  to  the  Tertiary 
Geology  and  Paleontology  of  the  United  States  "  says : 

No  reasonable  doubfc  can  be  entertained  as  to  its  existence  there  (although  possibly 
entirely  obscured  by  the  newer  Miocene  deposits)  as  a  direct  continuation  of,  or  con- 
nection between,  the  belts  developed  in  Maryland  and  New  Jersey. 

Booth^  mentions  the  occnrrence  as  far  north  as  Old  Duck  Greek  of 
Tertiary  fossils  which,  from  their  description,  must  be  Neocene,  while 
Ghestei^'s'  investigations  show  that  the  Gretaceous  is  found  somewhat 
to  the  south  of  Appoquinimink  Greek. 

The  intervening  country,  at  most  6  miles  in  breadth,  has  been  hith- 
erto doubtfully  referred  to  the  Eocene.  Darton,  by  the  recent  discov- 
ery of  several  characteristic  Eocene  fossils,  among  them  Cardita  plani- 
costa^  has  proved  beyond  doubt  that  surface  exposures  of  Eocene  strata 
occur  within  this  area.  The  characteristic  greenish  gray  and  red  sand- 
stone that  is  typical  for  the  more  northern  exposures  of  the  Maryland 
Eocene  has  been  recognized  at  numerous  localities. 

The  lithological  and  paleontological  features  of  the  Delaware  Eocene 
ally  it  so  closely  with  the  Maryland  representatives  of  this  horizon,  of 
which  it  is,  in  fact,  only  the  northward  prolongation,  that  a  considera- 
tion of  its  relations  will  be  deferred  until  the  Maryland  strata  are  dis- 
cussed. 

MARYLAND. 

The  Eocene  of  Maryland  is  much  more  extensively  developed  than  in 
New  Jersey  and  Delaware  and  becomes  for  the  first  time  a  marked 
structural  feature  in  the  stratigraphy  of  the  coastal  plain.  This  fact, 
together  with  the  great  number  and  excellent  state  of  preservation  of 


■  Am.  Jonr.  Sci.,  2d  tier.,  vol.  48, 1889,  pp.  397-400 ;  Am.  Assoc.  Adv.,  Sci.,  Proo.,  vol.  18, 1889,  pp.  227-230. 

*  PhiladelpbiA  Acad.  Nat.  Sol.,  Proo.,  voL  20,  1888,  pp.  234-235 ;  Am.  PhiL  Soc.,  Proc,  toL  1],  1870,  pp. 
28S-294. 

*  Geol.  Soc.  Amo.Hca  Bull.,  vol.  2, 1801,  pp.  441, 442. 

«  Memoir  of  the  Geological  Survey  or  the  State  of  Delaware,  1841,  pp.  18, 81, 84. 

*  Proc  Acad.  Nat.  Sci.,  Philadelphia,  voL  3G,  1884,  pp.  249-258. 
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the  fossilR,  early  attracted  the  attention  of  geologists.  Althoagh  tlie 
valuable  contributions  of  Finch*  and  Say*  in  1824  included  references 
to  the  Maryland  Tertiary,  the  first  really  important  geological  inferences, 
drawn  from  a  study  of  the  organic  remains,  were  made  by  Conrad^  in 
the  Journal  of  the  Academy  of  Natural  Sciences  of  Philadelphia  for 
1830.  Many  articles  by  the  same  author  upon  the  Maryland  Tertiary 
followed  in  subsequent  years,  and  today  the  contributions  of  Conmd 
remain  the  most  exhaustive  that  we  have  upon  the  Eocene  of  the  State. 
The  more  recent  articles  of  Tyson,  Uhler,  Darton,*  Heilprin  and  the 
writer  of  this  bulletin  have  added  many  new  facts,  but  there  is  mnch  to 
be  done  before  all  the  problems  presented  by  the  Eocene  of  Maryland 
will  be  fully  solved. 

The  Eocene  deposits  extend  as  a  nearly  unbroken  belt  from  the  Dela- 
ware line  to  the  Potomac  River,  and  are  found  in  Cecil,  Kent,  Queen 
Anne,  Anne  Arundel,  Prince  George,  and  Charles  counties.  The  strike 
is  approximately  northeast  and  southwest ;  the  dip  20  to  30  feet  in  tbe 
mile  toward  the  southeast.  The  breadth  of  outcrop  upon  the  eastern 
shore  of  the  Chesapeake  is  scarcely  5  miles  at  the  head  of  the  Sassafras) 
River,  but  gradually  expands  toward  the  southwest  until  upon  the  west- 
ern shore  it  is  in  places  more  than  25  miles  wide. 

The  lithological  character  of  the  rocks  is  remarkably  persistent.  The 
typical  deposit  is  a  green-sand  marl,  which  may,  however,  by  chemical 
changes,  lose  its  characteristic  green  color,  and  by  the  deposition  of  a 
greater  or  less  amount  of  hydrous  iron  oxide  be  found  as  an  incoht^rent 
red  sand  or  firm  red  or  brown  sandstone.  To  this  is  added  at  times  a 
siliceous  cement  that  produces  a  firm  siliceous  sandstone,  from  which 
generally  most  of  the  carbonate  of  lime  has  been  removed  in  solution,  so 
that  the  organic  forms  are  found  only  in  the  shape  of  casts.  The  green- 
sand  type  is  chiefly  confined  to  the  southwestern  portion  of  the  area  in 
Charles  and  Prince  George  counties,  where  the  deposits  overlying  the 
Eocene  attain  their  greatest  thickness.  In  Anne  Arundel  County  and 
on  the  eastern  shore  of  the  Chesapeake  the  Eocene  is  less  deeply  buried 
and  the  strata  are  more  thoroughly  weathered,  affording  greenish  gray 
or  red  sands  and  at  times  bands  of  firm  sandstone. 

No  widespread  division  of  the  series  into  different  horizons  is  indi- 
cated upon  lithological  grounds,  as  the  variations  in  composition  are 
apparently  due  to  subsequent  chemical  changes  rather  than  to  original 
deposition.  It  is  likewise  impossible  with  our  present  imperfect  knowl- 
edge of  the  Eocene  fauna  to  attempt  to  establish  definite  horizons  upon 
such  a  basis,  as  even  the  geological  range  of  the  best  known  forms  has 
not  been  as  yet  fully  determined. 


*  Am.  Jour.  Sci..  vol.  7, 1824,  pp.  31-43. 

•  Philadelphia  Acad.  Nat.  Sci..  Joar..  vol.  4. 1824.  pp.  124-155. 
■Ibid.,  vol.  6, 1830, pp. 205-217. 

«6eoL  Soc.  America,  Bull.,  vol.  2, 1801,  pp.  440-442, 4501 


CI.ABK.] 


MARYLAND. 


45 


Among  the  more  common  species  foand  in  the  Maryland  Eocene  are-* 


Ostroa  compresairostra  Say. 
Caculliea  gigantea  Courad. 

traDsversa  Rogers. 
Pectanculus  Htamineus  Conrad. 
Crassatella  alseformis  Conrad. 

palmnla  Conrad. 

capricrauium  Rogers. 
Cardita  regia  Conrad. 

planicosta  Lamarck. 


Dosiniopsis  Meekii  Conrad. 
Cytherea  ovata  Rogers. 
Pboladomya  marylandica  Conrad. 
Glycimeris  elongata  Conrad. 
Pholas  petrosa  Conrad. 
Monodonta  glaudula  Conrad. 
Turritclla  humorosa  Conrad. 
Morton!  Conrad. 


Among  these  Cucullcea gigantea  is  ohiefLy  cou^ued  to  the  basal  strata, 
although  in  individual  ca4?es,  as  reported  by  Uhler  and  Darton,  it  has 
been  found  in  the  upper  i)ortinns  of  the  series,  turritella  Mortoni,  on 
the  other  hand,  is  infrequent  in  the  lowest  beds,  and  in  the  sections  on 
the  Potomac  and  its  tributaries  is  found  above  those  layers  in  which 
the  Cuciillwa  gigantea  is  most  numerous. 

Hitherto  few  Eocene  fossils  have  been  obtained  from  the  deposits  of 
the  eastern  shore  of  the  Chesapeake.  At  the  head  of  the  creeks  tribu- 
tary to  the  Chester  River  and  on  the  hills  to  the  north  of  the  latter 
several  characteristic  forms  are  reported  by  Uhler.^  Among  them  I'ur- 
ritella  Mortoni^  Cardita  planicosta^  Gucullwa  transversa^  Fectunculus 
stamineus^  and  Ostrea  compressirostra  have  been  identified. 

On  the  western  shore  of  the  Chesapeake  there  are  numerous  locali- 
ties where  typical  Eocene  fossils  are  found  in  great  numbers.  At  South 
liiver,  in  Anne  Arundel  County,  and  Upper  Marlboro,  Fort  Washing- 
ton, and  Piscataway  Creek,  in  Prince  George  County,  the  sections 
with  their  fossils  have  been  studied  with  some  care. 

The  section^  afforded  by  the  Fort  Washington  bluff,  so  frequently 
referred  to  in  geological  literature,  is  presented  below. 


Section  at  Fort  Washington. 

Pleistocene.. Coarse  gravel 8  feet. 

Eocene Red  sand  with  cast-s  of  Turritella  Mortonif  Dosiniopsis  Meekii, 

Cytherea  ovata,  Crassatella  si).,  Ostrea  sp 12  feet. 

(  Light,  variegated  sands,  slightly  glauconitic 10  feet,  f 

Cretaceous...  <  Dark, micaceons  sand,  with  Cy primer ia den sata,  Crassatella   >  20  feet. 
(      vadosa,  Cucullcea  vulgaris,  etc lU  feet.  S 

Potomac Variegated  clay,  slightly  lignitic  on  upper  surface,  with  lay- 
ers of  ironstone 55  feet. 

The  Eocene  deposits  of  Maryland  must  be  considered  to  represent  a 
single  horizon  until  a  more  detailed  examination  of  the  range  of  the 

different  fossil  forms  afford  us  evidence  for  a  division  upon  that  basis. 

«  ■  " ' '  ■  ■  ■ 

I  Maryland  Acad.  Soi.  Trans.,  vol.  1, 1888,  p.  29. 

*  Johns  Hopkins  Universit^Circtdars,  toL  0, 1890,  p.  70 
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VCHGINIA. 

There  is  do  State  upon  the  Atlantic  seaboard  in  which  the  Eocene 
has  received  such  careful  examination  as  in  Virginia,  and  certainly 
none  where  the  literature  exists  in  such  a  compact  and  accessible  form. 
For  this  geology  is  in  the  main  indebted  to  Prof.  William  B.  Rogers, 
who  from  1835  to  1841  held  the  position  of  State  geologist  of  Virginia 
and  who  published  during  that  time  annual  reportn,  in  each  of  which 
defined  aresis  were  taken  up  for  detailed  investigation. 

The  first  mention  by  Prof.  Rogers  of  the  occurrence  of  Eocene  deiws- 
its  in  Virginia  was  made  in  the  Transactions  of  the  American  Philo- 
sophical Society  for  1835*  where,  to  use  the  author^s  words,  "the  exist- 
ence of  an  extensive  Eocene  formation  in  eastern  Virginia  is  now  for 
the  first  time  announced."  ^* 

In  my  study  of  the  Eocene  of  Viiip^inia  I  have  had  occasion  to  refer 
constantly  to  Prof.  Rogers's  writings,  and  from  personal  examination  of 
the  localities  described  have  been  impressed  with  the  accuracy  of  that 
investigator's  observations. 

More  recently  Mr.  N.  H.  Darton,*  of  the  U.  S.  Geological  Survey,  has 
examined  the  Tertiary  area  of  Virginia,  and  has  more  accurately  de- 
limited the  extent  of  the  Eocene  in  the  various  river  basins. 

The  deposits  of  the  early  Tertiary  of  Virginia  form  an  intimate  con- 
tinuation southward  of  the  Maryland  belt,  and  extend  from  the  Potomac 
River,  where  the  width  of  outcrop  is  about  25  miles,  to  the  James  and 
its  southern  tributary  the  Appomattox,  where  the  limits  have  been 
much  narrowed.  Throughout  much  of  this  region  the  thick  cover- 
ing of  post-Eocene  sediments  renders  an  exact  delimitation  of  the  boun- 
daries of  the  Eocene  formation  altogether  impossible.  Presumably  this 
belt  continues  on  to  the  southern  border  of  the  State,  but  so  far  as  we 
have  any  evidence  it  is  buried,  throughout  most  if  not  all  of  that  dis- 
tance, by  more  recent  deposits.  McGee^  reports  a  single  occurrence 
on  the  Nottoway  River  below  Boilings  Bridge  where  the  Potomac  form- 
ation "  is  unconformably  overlain  by  3  or  4  feet  of  stratified  greenish- 
blue  clay  containing  Eocene  fossils." 

The  strike  of  the  strata  is  approximately  north  and  south ;  the  dip  at 
a  very  low  angle  toward  the  east.  If  we  take  the  data  furnished  by  the 
well-boring  at  Fortress  Monroe,  not  50  miles  to  the  east  of  the  supposed 
seaward  boundary  of  the  Eocene,  we  find  the  sands  that  have  been 
referred  to  that  formation  at  a  depth  of  something  less  than  600  feet. 
This  at  the  outside  would  admit  of  a  dip  of  10  to  15  feet  to  the  mile. 

On  account  of  the  surface  covering  of  post- Tertiary  deposits,  the 
sections  are  chiefiy  found  along  the  water  courses  or  on  the  steeper 


1  Am.  PblL  Soc,  Trans.,  new  ser.,  vol.  5,  1835,  pp.  3l9-3iL 
*  Oeol.  Soc  America,  Ball.,  vol  2, 1891,  pp.  439-443. 
•Am.  Jour.  Sol.,  8d  ter.,  toL  35, 1888,  p.  120. 
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slopes  of  the  higher  ridges.  The  slight  elevation  of  the  coastal  plain 
above  tide  level,  together  with  the  incoherent  nature  of  the  materials, 
renders  the  occurrence  of  high  clifGs  even  along  the  larger  rivers  ex- 
ceptional and  consequently  the  superposition  of  any  considerable  thick- 
ness of  strata  in  a  single  section  ont  of  the  question.  It  thas  becomes  a 
matter  of  some  difficulty  to  measure  accurately  the  entire  thickness  of 
the  Eocene  deposits,  but  it  is  doubtful  if  they  are  found  to  exceed  150  feet. 
In  fact  no  single  section  thus  far  described  shows  a  thickness  of  even 
100  feet. 

The  deposits  are  in  the  main  identical  with  those  hitherto  described 
as  typical  for  Maryland.  The  green-sand  marl  predominates,  though 
beds  of  a  micaceous  or  aluminous  character  are  not  infrequent  in  the 
southern  portion  of  the  area. 

Along  the  northern  portion  of  the  belt,  the  Eocene  marl  rests  un- 
conformably  upon  the  Fredericksburg  sandstone,  the  local  represent- 
ative of  the  Potomac  formation.  Farther  south,  however,  the  Eocene 
overlaps  the  Arcjlieau  and  so  continues  until  it  is  itself  buried  by  more 
recent  deposits.  To  the  east  it  is  followed  in  direct  succession  by  the 
Neocene,  while  over  the  whole,  when  not  completely  eroded,  an  uneven 
covering  of  post-Tertiary  deposits  is  found. 

The  most  northern  and  one  of  the  most  typical  of  the  river  sections 
of  the  Virginia  Eocene  is  found  upon  the  south  .bank  of  the  Potooiac 
liiver,  extending  from  the  mouth  of  Acquia  Creek  to  the  vicinity  of 
Mathias  Point.  , 

At  Acquia  Greek  the  following  section  of  the  Eocene  overlain  by 
Pleistocene  has  been  observed  by  the  writer.* 

Stcixon  at  Acquia  Creek, 

PleistoceDe Red  sandy  loam • 20  feet. 

Light-colored  sand,  slightly  glaaconitic 20  feet. ' 

Light  green-sand,  with  CaTd\iaiilan\GO%ia^  Turritella 
Mortonif  CucullcBa  onochela,    Crasatella  capricru' 

nium,  Cytherea  ovaUif  etc 9  feet. 

Soft,  yellowish  green-sand,  with  Ostrea  compressi' 
rostra 15  feet.  y65feet. 

I  Ledge  of  dark  green-sand,  with  Tunitella  Mortoniy 
Cardita  planieoata,   Panopcea  elongataf  Fusus  sp. 

I      etc 3  feet. 

I  Dark  greeu-sand,  with  Cytherea  avata,   Craesatella 

i     caprtcrantum,  etc 18  feet. 

In  the  basin  of  the  Bappahannock  the  Eocene  is  reported  by  Darton 
as  extending  from  the  vicinity  of  Fredericksburg  to  a  point  below  Port 
Koyal.  He  says  that  it  consists  at  the  higher  elevations  landward  of 
biiff  colored  weathered  green-sand  that  to  the  east  becomes  a  typical 
green-sand  with  abundant  and  characteristic  fossils.  Eogers  and  Dar- 
ton both  refer  to  the  exposures  of  Eocene  in  the  valleys  of  the  Matapony 

and  Pamuuky  that  afford  a  marked  admixture  of  argillaceous  materials 

■ .  ■  1 1 1  ■» » ■  1 1   1.  —  -  ,'■ »-  "■"  — ■— —       •^—^—••^ 

I  John  Hopkins  Uniyenitj  Ciroulars,  roL  9, 1690,  p.70. 
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auil  at  times  show  bands  of  limestone.  The  Eocene  is  not  reported 
from  the  basin  of  the  Ghickahominy.  On  the  James  Kiver,  however, 
the  bluffs,  particularly  in  the  vicinity  of  City  Point,  afford  excellent 
exposures  of  Eocene  green -sand  with  numerous  characteristic  fossils. 

In  its  paleoutological  characteristics  the  Eocene  of  Virginia  is  closely 
allied  to  that  of  Maryland.  The  common  forms  Turritella  Mortoni  and 
Cardita  planicosta  are  widely  distributed,  while  the  prevalent  oyster  of 
Maryland,  the  Ostrea  eompressirostraj  has  given  place  for  the  most  part 
to  Ostrea  sellwformiSy  so  important  as  a  typical  Eocene  fossil  in  the 
States  farther  south. 

Among  the  species  recognized  from  the  Virginia  strata  are  the  fol- 
lowing : 


Ostroa  sellaBforinis  Conrad. 

siuiioHa  Rogers. 
Anomia  Rufflui  Courad. 
CucullsJBa  tranHvcrsa  Rogers. 

ouocbela  Rogers. 
NiiGula  ciiltelliforiuis  Rogers. 

parva  Rogers. 
Nuculauji  improcera  Conrad. 
Cardita  planicosta  Lamafck. 

ascia  Rogers. 


Crassatella  capricraninm  Rogers. 
Protocardia  virginiana  Conrad. 
Cy therea  ovata  Rogers. 

lenticular  is  Rogers. 

eversa  Conrad. 

leuis  Conrad. 

liciata  Conrad. 

perbrevis  Conrad. 
Dosiniopsis  alta  Conrad. 
Tnrritella  Mortoni  Conrad. 


Even  less  is  known  of  the  range  of  these  forms  in  Virginia  than  in 
Maryland,  and  they  afford  no  basis  for  a  division  of  the  strata  into 
separate  horizons.  The  Eocene  of  Virginia  must  be  considered,  for  the 
present  at  least,  as  a  single  lithological  and  paleoutological  unit. 


MOKTH  CAROLINA. 

The  Eocene  of  North  Carolina  is  very  different  from  that  in  Mary- 
land and  Virginia.  Neither  in  the  stratigraphical  nor  paleontologi- 
cal  characteristics  of  its  members  does  it  afford  many  points  for  com- 
parison with  the  Eocene  of  the  more  northern  areas.  Furthermore, 
the  isolated  manner  of  its  occurrence  makes  a  determination  of  its 
boundaries  extremely  diificult,  and  thus,  hitherto,  where  fossils  have 
not  been  found  its  separation  from  other  horizons  has  been  rendered 
uncertain.  From  the  State  reports  of  Emmons  and  Kerr  and  the  pale- 
outological writings  of  Conrad  our  knowledge  of  the  structare  and 
fossils  of  the  Eocene  is  mainly  derived. 

Geographically  considered,  the  Eocene  is  confined  in  its  northern  and 
southern  extension  between  the  Neuse  and  Cape  Fear  Eivers,  and  is 
found  scattered  between  those  limits  from  near  the  mouths  of  the  larger 
streams  to  over  a  hundred  miles  inland.  As  in  Virginia  the  sections 
are  chiefly  exhibited  along  the  river  channels,  which  alone  cut  through 
the  surface  covering  of  more  recent  deposits.  Thus  the  clifGs  along  the 
banks  of  the  Neuse,  New,  and  Cape  Fear  Eivers  and  their  larger  tribu- 
taries afford  the  best  exposures.    The  Neuse,  between  New  Berne  and 


CLAWt.]  NORTH   CAROLINA.  49 

GoldsborO'  and  its  large  sontheru  tributary,  tbe  Trent,  for  tbe  last  30 
or  40  miles  of  tbeir  courses,  frequently  cut  tbrougb  Eocene  strata.  The 
headwaters  of  the  New,  in  Onslow  County,  and  its  southwest  branch 
penetrate  similar  deposits.  The  lower  course  of  the  Gape  Fear  in  Bla- 
den and  New  Hanover  Oounties  and  the  Northeast  Gape  Fear,  in  the 
latter  county,  afford  extensive  sections.  Some  distance  to  the  west  of 
the  Goastal  region  several  isolated  areas  of  the  Eocene  occur,  that  in 
each  case  reach  an  altitude  of  over  300  feet  above  sea  level.  The  most 
northern  of  these  areas  is  situated  a  short  distance  east  of  Baleigh, 
while  two  others  occur  to  the  northwest  of  Fayette ville  in  Harnett  and 
Moore  Gounties.  If,  as  seems  probable,  these  isolated  outcrops  are  but 
the  remnants  of  a  once  continuous  belt  of  Eocene  strata,  then  the  in- 
land extension  of  the  Eocene  must  have  been  more  than  100  miles  from 
the  present  coast  line. 

The  relations. of  the  Eocene  to  the  Gretaceous  on  the  one  hand  and 
the  Neocene  on  the  other  are  especially  well  exhibited  in  the  basin  of 
the  Gape  Fear  Eiver,  where  the  Eocene  has  been  shown  by  the  writer* 
to  occupy  hollows  within  the  Gretaceous,  which  afforded  an  unevenly 
eroded  surface  upon  which  the  sediments  of  the  Eocene  period  were 
accumulated.  The  erosion  that  followed  the  elevation  of  the  Eocene 
deposits  approximately  base-leveled  the  region  before  the  submergence 
in  Neocene  time. 

Kerr  became  convinced  latterly  of  a  much  wider  extension  of  the 
Eocene  than  had  been  previously  admitted  bytlim  or  other  writers  upon 
the  geology  of  the  State.  In  an  article  in  the  American  Naturalist  for 
1885  upon  "  The  Eocene  of  North  Garolina,"*  he  states : 

I  have  recently  ascertained  by  the  discovery  of  the  unmistakable  superposition  of 
the  small  outliers  of  Eocene  fossiliferous  rocks  (noted  in  the  text  and  geological 
map  of  the  State  in  the  report  of  1875)  and  of  other  similarly  situated  patches  of  the 
same  beds,  with  Upper  Eocene  shells  capping  the  highest  hills  of  the  so-called  Drift 
or  Quaternary,  that  nearly  all  of  these  bodsof  saud  and  gravels  heretofore  referred  to 
the  latter  horizons  are  of  Eocene  age.  The  area  of  Tertiarles  in  this  State  must  now 
be  extended  over  a  wide  stretch  of  country  from  the  tops  of  the  Laurentian  hills  near 
Raleigh  and  the  higher  elevations  of  the  Hnronian  slates  to  from  50  to  75  miles  south- 
east  along  the  course  of  the  Deep  River  and  so  onward  to  the  South  Carolina  border, 
reaching  at  one  point  an  elevation  of  600  feet  above  tide.  This  leaves  the  Quater- 
nary, like  the  Miocene,  to  be  represented  by  a  ihin  and  broken  covering  of  superficial 
deposits  of  only  a  few  feet  to  a  few  yards  in  thickness  and  reaching  from  the  coiist 
only  about  100  miles  inland,  and  an  elevation  of  but  little  above  100  feet. 

Although  from  the  data  at  hand  it  seems  probable  that  the  views 
of  Professor  Kerr,  as  to  the  wide  distribution  of  the  Eocene,  are  too 
extreme,  yet  the  supposition  that  the  post-Eocene  depressions  were  not 
sufi&cient  to  bring  the  higher  and  more  inland  portions  of  the  Eocene 
deposits  below  sea  level,  is  fully  substantiated  by  the  facts.  Our 
knowledge  of  the  stratigraphy  is  far  too  meager  to  admit  of  the  incorpo- 
ration in  the  Eocene  of  many  of  the  unfossiliferous  beds  that  such  a 


1  Gool.  Soc.  America,  Bull.,  voL  1, 1800,  p.  53& 
'Am.  ^TaturalUt,  vol  19, 1885,  p.  6a 
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conclusion  wonld  require.    Much  that  Kerr  has  included  in  tbe  Eocene 
is  referred  by  McGee  and  Holmes  to  the  Appomattox  formation. 

In  the  character  of  its  deposits  the  Eocene  is  in  a  marked  de^ee  cal- 
careous, occurring  as  a  finely  comminuted,  light-colored  marl,  shell  con 
glomerate,  calcareous  sandstone  or  hard,  gray  limestone.  The  isolated 
outcrops  situated  far  inland  are  more  siliceous  than  the  deposit^  in  the 
extreme  eastern  portions  of  the  State,  which  a£ford  still  further  evidence 
of  their  closer  proximity  to  the  shore  of  the  Eocene  sea.  The  calcare- 
ous nature  of  the  eastern  deposits  indicates  a  comparatively  clear  and 
open  sea  and  a  sufficient  distance  from  the  Eocene  shore  to  prohibit  the 
intermingling  of  large  quantities  of  land-derived  sediments  with  the 
calcareous  accumulations  of  marine  organisms  out  of  which  the  strata 
are  largely  formed. 

The  paleontological  characteristics  of  the  North  Carolina  Eocene  are 
very  imperfectly  comprehended.  No  collections  of  importance  are  now 
in  existence,  and  the  lists  of  fossils  hitherto  reported  can  not  at  the 
present  time  be  substantiated.  Moreover,  there  is  particular  danger  in 
the  use  of  such  data  so  far  as  the  North  Oarolina  deposits  are  con- 
cerned from  the  fact  that  a  commingling  of  Cretaceous  and  Eocene  fos- 
sils is  known  to  occur.  Futhermore,  that  intermixture  has  been  shown 
to  be  due  to  mechanical  agencies  rather  than  contemporaneous  exist- 
ence. The  best  evidence  of  this  may  be  seen  in  the  limestone  beds  in 
the  vicinity  of  Wilmingtdh,  where  this  remarkable  occurrence  has  been 
observed  and  recorded  by  several  investigators.* 

A  few  typical  Eocene  fossils  have  been  recognized  by  myself  from 
the  North  Carolina  Eocene  deposits,  including  Oatrea  8ellcefor$nis  and 
Cardita  planicosta.  From  the  fact  that  the  fossils  are  chiefly  preserved 
in  the  form  of  casts,  their  determination  is  frequently  in  doubt,  and  ex- 
tensive collections  will  have  to  be  made  before  a  comparative  stady  of 
the  forms  will  afford  satisfactory  results. 

SOUTH  CAROLINA. 

In  many  of  its  structural  peculiarities  the  Eocene  of  South  Carolina 
shows  a  close  relationship  to  the  early  Tertiary  deposits  of  North  Caro- 
lina that  have  just  been  described.  In  its  geographical  distribution  it 
covers  a  much  more  extensive  area  than  in  the  States  hitherto  referred 
to,  and  becomes  one  of  the  most  important  features  in  the  geology  of 
the  Coastal  plain. 

The  reports  of  Euffin,  Tuomey,  and  Lieber  present  us  with  detailed 
descriptions  of  the  stratigraphy  of  the  Eocene,  while  Bavenel,  Conrad, 
Bouv^,  and  others  have  figured  and  described  the  organic  remains  from 
the  same  horizon.  Although  a  review  of  the  conclusions  arrived  at  by 
these  different  authors  affords  but  few  points  for  comparisons  with 

1  Tuoroey,  Am.  Assoc  Adv.  Sci.,  Proc,  voL  1, 1848,  p.  33 ;  Tnomey,  Philadelphia  Aoad.  Nat.  ScL,  PtoOm 
Tol.  0,  19S2,  193;  Conrad,  Philadelphia  Acad.  Nat  ScL,  Proo..  roL  17,  1865,  p.  72;  Clark,  G«oL  Soo. 
America^  Bull.,  toU  1, 1880,  pp.  San-MA. 
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other  aretis,  carefal  descriptions  of  local  deposits  render  the  literature 
of  Soatb  Carolina  geology  among  the  best  of  official  pablications. 
Namerous  sections  within  the  Tertiary  belt  are  discussed  in  minute  de- 
tail, but  the  attempt  at  a  geological  establishment  of  boundaries  has 
given  vague  and  unsatisfactory  results. 

The  inland  border  of  the  Eocene  forms  a  more  or  less  continuous 
line  "from  the  mouth  of  Stevens  Creek,  on  the  Savannah,  north  of 
Hamburg,  crossing  the  Saluda  and  Broad  Rivers  near  their  junction ; 
the  Wateree  at  the  canal ;  Lynch  Creek  at  Evans  Ferry,  and  Thomp- 
son Creek  at  the  point  where  it  enters  the  State  in  Chesterfield  dis- 
trict.''^ Its  seaward  extension  is  buried  under  more  recent  deposits,  of 
different  character,  or  the  disturbed  upper  layers  of  the  Eocene  itself, 
a  condition  of  outcrop  that  occasions  an  extremely  sinuous  boundary, 
and  one  at  the  same  time  very  difiScult  of  determination.  In  the  vicin- 
ity of  Charleston  the  strata  approach  nearly  to  the  coast  lino,  though 
complicated  in'  the  aforesaid  manner.  As  the  river  sections  afford 
almost  the  only  indications  of  the  pre  Quaternary  geology  the  field  of 
observation  is  much  narrowed,  and  the  tracing  out  of  intermediate 
deposits,  binding  what  may  be  only  different  facies  of  contemporane- 
ous development,  is  greatly  hindered. 

Tuomey,  in  the  "  Report  on  the  Geology  of  South  Carolina,''  pub- 
lished in  1848,  divides  the  Eocene  of  the  State  into  three  horizons, 
which  in  ascending  order  are :  1,  Buhrstone ;  2,  San  tee  Beds ;  3,  Ashley 
and  Cooper  Beds.  Ruf&n  had  previously  (1843)  designated  the  last  two 
of  Tuomey's' divisions  as  the  "Great  Carolinian  Bed,"  and  had  like- 
wise described  the  Bnhrstone  and  its  fossils,  although  he  did  not  con- 
sider the  latter  apparently  of  much  taxonomic  importance,  and,  more- 
over, entirely  mistook  its  stratigraphical  position.  Following  in  great 
measure  the  authority  of  Lyell,  Ruffin  accepted  tentatively  the  Eocene 
age  of  the  "  Great  Carolinian  Bed,"  thus  going  counter  to  the  opinions 
of  Vanuxem,  Conrad,  and  Morton,  who  had  pronounced  it  "  Upper 
Secondary."  In  a  later  statement  he  says, "  the  *  Great  Carolinian  Bed ' 
of  marl  will  serve  every  present  purpose  of  designation  and  distinction 
as  if  it  were  definitely  settled  and  the  bed  named  either  *  Upper  Creta- 
ceous' or  Eocene."^  The  important  contributions  made  by  Ruffin  to 
the  geology  of  the  State  were  greatly  augmented  by  the  more  exten- 
sive observations  of  Tuomey.  For  our  present  purpose  the  three  divis- 
ions established  by  the  latter  will  be  accepted,  although  some  sugges- 
tions as  to  their  tatonomic  value  will  be  stated  in  subsequent  pages. 

The  Buhrstone. — TheBuhrstone,  the  basal  memberof  the  Eocene  series, 
as  recognized  by  Tuomey,  occupies  the  inner  border  of  the  Tertiary  belt. 


■  Tuomey :  Keport  on  the  Qwilogj  of  South  Carolina,  1848,  p.  140. 

'The  Santee  Beds  und  Ashley  and  Ck>opor  Bods  are  also  referred  to  by  Tuomey  at  the  "Calcareous 
Strata  of  the  Charleston  Basin." 

s  Ruffin :  Beport  of  the  dbmmencement  and  Progress  of  the  Agricultural  Survey  of  South  Carolina, 
1843. 
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It  is  chiefly  developed  in  the  area  lying  between  the  Congaree  and 
Savannah  Rivers.  Its  eastern  boundary  begins  at  or  near  Lower  Three 
Buns,  on  the  Savannah  River,  passes  iu  a  sinuous  line  near  Barnwell 
and  Orangeburg,  and  thence  to  the  Santee  River,  beyond  which  its 
limits  are  unknown. 

The  Buhrstone  receives  its  name  from  the  layer  of  silicified  shells 
that  forms  but  an  insiguiticanc  portion  of  the  strata.  Sands,  clays,  and 
marls  are  the  chief  deposits.  They  are  generally  incoherent,  though  at 
times  consolidated.  In  the  area  to  the  east  of  the  Savannah  River  beds 
of  kaolin  (reaching  at  Aiken  60  feet  in  thickness)  form  au  important 
element  in  the  series. 

Tuomey  ^  gives  a  section  of  the  beds  in  the  vicinity  of  Aikeu  that  is 
held  to  be  typical  for  the  Buhrstone  elsewhere.  The  strata  rest  upon 
granite,  and  are  in  descending  order,  as  follows : 

6.  Beds  of  sand  and  iron  ore. 

5.  Silioified  shells. 

4.  Siliceous  clay  bed. 

3.  Beds  of  sand,  gravel,  colored  clay,  etc. 

2.  Bed  of  sandstone  and  grit. 

1.  Granite  on  Horse  Creek.' 

Tuomey  mentions  the  occurrence  of  individual  members  of  the  series 
at  many  other  places  throughout  the  area  above  outlined,  although  the 
dilferent  beds  exhibit  more  or  less  important  variations  in  thickness  and 
lilhological  characters.  The  stratum  of  silicified  shells  is  found  often  at 
the  top  of  the  Buhrstone  and  in  close  proximity  to  the  marl  of  the  "cal- 
careous strata."  The  lower  deposits  of  the  Buhrstone  are  composed 
largely  of  coarse  sands  that  may  upon  furtber  study  afford  evidence  for 
a  stratigraphical  separation  from  the  overlying  beds.  A  statement  as 
to  their  probable  equivalence  is  given  in  the  chapter  on  correlation. 

The  northward  extension  of  the  Buhrstone  toward  the  North  Carolina 
State  line  has  received  but  little  attention.  Tuomey  cites  localities  on 
the  Pee  Dee  River  and  Lynch  Creek  where  beds  of  silicified  shells  are 
found,  and  mentions  the  occurrence  of  Gardita  planicosta  *a>iid  otiier  fos- 
sils. The  thickness  of  the  Buhrstone  has  been  estimated  at  200  feet  in 
its  typical  localities.  Tuomey  gives  a  list  of  over  ninety  species  of  fos- 
sils from  the  Buhrstone  in  the  Report  on  the  Geology  of  South  Caro- 
lina, which,  with  a  few  exceptions,  belong  to  marine  moliusca.  Among 
other  well  known  forms  the  writer  has  recognized  Turritella  humeroaa, 
T.  Mortoni,  Cardita  plu7iico8ta^  and  Pectummlus  stamjueus. 

The  Santee  Beds,  which  overlie  the  Buhrstone,  form,  accoi-ding  to 
Tuomey,  the  lowest  member  of  the  "Calcareous  Strata  of  the  Charles- 
ton Basin."  Tliey  occupy  the  region  between  the  boundaries  given 
above  as  the  seaward  limits  of  the  Buhrstone  and  an  undetermined  line 
farther  eastward.    The  deposits  are  most  typically  developed  on  the 


■dflk. 


^Keport  on  Geology  of  South  Carolina,  1848,  p.  143. 
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Santee  River,  where  tbey  reach  as  far  down  the  stream  as  Mazyck's 
Ferry.  The  base  of  the  Santee  beds  is  at  times  a  green  sand,  tliough 
this  is  not  coustant.  Tuomey  mentions  a  locality  on  the  headwaters  of 
the  Cooper  River  where  a  bed  of  **white  marl  aboanding  in  corals,  which 
may  be  designated  the  coralline  bed  of  the  Charleston  basin'*  anderlies 
the  green  sand.  Tbat  the  green  sand  is  allied  with  the  Santee  Beds 
rather  than  with  the  Bahrstone  is  shown  by  the  occurrence  of  the  bones 
of  the  Zeuglodon  thai  have  not  been  foand  in  the  latter  formation.  The 
typical  deposits  of  the  Santee  Beds  are  white  marls,  more  often  incohe^ 
rent,  though  frequently  consolidated  to  form  a  marlstone.  At  Vance's 
Ferry,  on  the  Santee,  a  saperb  section  of  the  Santee  Beds  6  miles  in 
extent  is  exposed  that  in  places  reaches  30  feet  in  height. 

Tuomey  gives  a  list  of  60  to  70  species  of  fossils,  chiefly  lamellibranchs, 
gasteropods,  echinoderms,  and  corals.  The  bones  of  Zeuglodon  like- 
wise occur.  Ostrea  sellceformis^  Crassatella  alta,  I/ucina  panda,  and 
Lutraria  petrosa  are  common  types. 

Tlie  Ashley  and  Cooper  Beds,  which  are  held  by  Toumey  to  occupy  a 
position  above  the  Santee  Beds  and  to  constitute  a  separate  formation, 
have  many  species  of  fossils  in  common  with  the  Santee,  including  the 
Zeuglodon,  which  ranges  throughout  the  Santee  and  Ashley  and  Cooper 
Beds.  More  than  that,  the  deposits  are  similar  lithologically,  and  no 
break  has  been  recognized  in  the  series  of  beds,  which  shows  that  tlie 
conditions  under  which  they  were  formed  were  probably  the  same  and 
continuous.  In  this  connection  Heilprin  says:  "  There  appears  t>o  me 
no  good  reason  for  separating  the  above  deposits  from  each  other  as 
indications  of  special  horizons,  although  they  may  occupy  different 
stratigraphical  positions  in  the  geological  scale,  and  therefore  I  have 
retained  them  as  one  group,  the  correspondent  of  th€f  *  Jacksonian.'"^ 

The  geographical  range  of  the  Ashley  and  Cooper  Beds  is  limited  to 
the  basins  of  the  Ashley  and  Cooper  Rivers,  and  even  there  the  surface 
outcrops  are  much  complicated  by  the  post-Pliocene  rearrangements 
to  which  the  upper  layers  have  been  subjected.  As  the  fossils  of  the 
earlier  beds  have  been  transported  and  occur  commingled  with  those 
of  later  date,  accurate  discrimination  between  the  original  and  derived 
deposits  is  rendered  difficult.  In  general  the  Ashley  and  Cooper  Beds 
are  darker  than  the  Santee  Beds.  They  are  sometimes  dark  gray,  and 
at  other  times  appi:oach  an  olive  color. 

Tuomey  mentions  25  invertebrate  fossil  forms  from  this  horizon. 
The  Zeuglodon  is  likewise  found  and  is  the  most  characteristic  of  the 
Eocene  types.  Among  the  molluscan  forms  Panopwa  elongata,  Lucina 
panda,  and  Modiola  cretacea  are  common  species. 

Upon  the  Carolina  bank  of  the  Savannah  River  are  deposits  of  white 
marl  containing  fossils  whose  stratigraphical  position  in  reference  to 
the  deposits  just  described  has  not  as  yet  been  satisfac^torily  determined. 

■  Contributions  to  the  Tertiary  Geology  and  Paleontology  of  the  Uniterl  States,  198-1,  p.  20. 
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By  many  they  have  been  considered  to  be  later  than  the  uppermost 
strat^a  of  the  Charleston  Basin,  thongh  the  data  for  snch  conclosions 
seem  to  the  writer  inadequate.  As  these  beds  are  mach  better  devel- 
oped on  the  Georgia  bank  of  the  Savannah  Biver,  a  discussion  of  them 
will  be  deferred  until  the  geology  of  that  State  is  considered. 

GEORGIA. 

The  Eocene  deposits  of  Georgia  are  less  fully  comprehended  than 
those  of  any  other  State  on  the  Atlantic  Coast.  'So  works  of  great  im- 
portance have  been  published,  due  largely  to  the  fact  that  Georgia 
has  not  hitherto  maintained  a  geological  survey  of  the  pretensions  of 
the  States  immediately  to  the  north.  The  publications  of  Cotting, 
Hodgson,  Jones,  Stephenson,  Little,  and  Henderson,  all  of  a  more  or  less 
official  character,  present  a  meager  outline  of  the  Eocene  geology  of  local 
areas  or  the  entire  State,  thongh  generally  the  information  given  is 
rather  of  agricultural  than  stratigraphical  importance. 

Stephenson^  and  Little^  give  the  inland  boundary  of  the  Eocene  as  a 
sinuous  line  extending  from  near  Augusta,  on  the  Savannah  Biver,  past 
Macon  and  Milledgeville  to  Patanla  Creek,  just  above  Fort  Gaines,  on 
the  Chattahoochee  Bivor.  Too  little  is  known  of  its  seaward  extension 
to  warrant  a  statement  of  its  boundaries,  although  should  any  portion 
of  the  deposits  in  Screven  County,  hitherto  referred  to  the  Eocene,  he 
l)roved  such,  the  width  of  the  belt  would  reach  fully  50  miles.  On  the 
Ocmulgee  Biver  its  most  eastern  outcrop  has  been  found  by  Burns  near 
the  boundary  of  Dodge  and  Telfair  Counties. 

A  separation  of  the  Eocene  into  definite  horizons  has  not  been 
attempted  in  Georgia  as  in  South  Carolina  and  Alabama,  although  it 
is  probable  that  the  leading  divisions  there  represented  extend  across 
the  State,  as  beds  of  sand  and  clay  here  form  the  base  of  the  series  and 
are  followed  by  calcareous  strata.  Situated  as  the  Eocene  deposits 
of  Georgia  are,  intermediate  between  the  Atlantic  and  Gulf  areas,  an 
accurate  knowledge  of  their  relations  would  render  it  possible  to  de- 
termine many  points  in  the  stratigraphy  of  each  that  are  at  present 
very  imperfectly  understood. 

The  locality  of  Shell  Bluff,  on  the  Savannah  Biver,  about  20  miles  below 
Augusta,  has  been  so  often  referred  to  in  geological  literature  as  to 
merit  more  special  attention  than  the  other  Eocene  areas  of  the  State. 
Conrad^  was  led  to  the  conclusion  that  on  both  structural  and  paleon- 
tological  grounds  the  deposits  at  Shell  Bluff  possessed  snfficient  indi- 
viduality to  warrant  the  establishment  of  a  new  and  distinct  **  group" 
which  he  called  the  Shell  Bluff  group.  The  common  oyster,  Ostrea 
georgianay  was  considered  by  him  to  be  the  characteristic  fossil  for  the 


1  Geology  and  Mineralogy  of  Seorgia,  1871,  p.  28. 

*Catalogae  of  Orea,  Rooks,  etc.,  for  the  Paris  Exposition,  1878,  p.  14. 

•  AuL  Jour.  Sol.,  2d  ser.,  voL  41, 1866,  p.  9& 
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horizon.  The  deposits  are  similar  to  those  represented  on  the  Carolina 
bank  of  the  Savannah  Eiver,  and  previously  referred  to.  The  position 
of  the  strata  in  the  Eocene  series  can  not  be  determined  until  more  is 
known  of  the  fossils  and  the  stratigraphical  relations  of  the  beds.  A 
section  made  by  myself  at  the  locality  is  given  below : 

Feet 

Red  loam 40 

White  sandy  marl 4 

Coarse  white  marl  with  shell  fragments 2 

Fine  white  marl  with  Oetrea  sp 2 

8liell  marl  with  nnmerons  oasts 4 

Coarse  yellowish  white  shell  marl 5 

Compact  fine  white  marl 2 

White  sandy  marl  with  Ostrea  georgiana 10 

Ledge  of  hard  white  marl 1 

Fine  yellowish  white,  sandy  marl 8 

Compact  marl  filled  with  casts  of  shells,  Osireasp 5 

Yellow  shell  marl  alternating  with  beds  of  clay %. 6 

Indurated  yellow  and  white  variegated  shell  marl 6 

yellowish  white,  coarse  sheU  marl  with  nnmerons  fragments  of  shells • 14 

The  detailed  sections  of  other  observers*  differ  considerably  from  that 
just  given,  both  as  to  the  divisions  of  the  beds  and  the  fossil-bearing 
horizons. 

The  deposits  at  Jacksonboro  in  Screven  County,  hitherto  referred  to 
the  Eocene,  although  presenting  similar  characteristics  lithologically, 
afford,  so  far  as  the  collections  made  by  myself  are  concerned,  no  forms 
in  common  with  other  Eocene  localities.  Lyell  gives  a  long  list  of  such 
similar  types,  but  I  have  failed  to  obtain  them.  The  specimens  collected 
seem  to  point  to  a  decidedly  younger  fauna,  probably  Keocene  in  age. 

Dr.  Jones,  in  a  report  on  the  agricultural  resources  of  the  State,  refers 
to  the  shell  marl  of  Washington  and  Jefferson  Counties,  although  pre- 
senting few  data  of  stratigraphical  importance.  Of  the  more  western 
counties  even  less  information  is  at  hand. 

The  section  of  Eocene  strata  afforded  by  the  Chattahoochee  River 
has  been  quite  recently  investigated  by  Langdon,*  who,  however,  has 
studied  the  deposits  in  their  relations  to  the  Alabama  series  and 
mainly  on  the  Alabama  bank  of  the  river,  so  that  a  detailed  considera- 
tion of  them  will  be  deferred  until  the  strata  of  that  Static  are  discussed. 
Bepresentatives  of  the  Lignitic,  Buhrstone,  Claiborne,  and  White  lime- 
stone have  been  established  and  the  thickness  of  the  series  placed  at 
1,200  feet. 

FLORIDA. 

The  presence  of  Eocene  strata  in  Florida  was  early  recognized  by 
Conrad^  and  Tuomey^,  though  later  doubt  was  cast  upon  their  conclu- 

<  Loiighbriclge— Report  on  the  Cotton  Prodaction  of  the  State  of  Georgia,  Tenth  Census  of  tUo  U.  S. 
vol.5, 18S4,  pp.  14-16. 
Singleton— see  Heilprin,  Contrib.  Tert  Oeol.  and  Pal.  IT.  S.,  1884,  p.  22,  fo9t-noto. 
*Geo1.  Soc.  America,  Bull.,  vol.  2, 1891,  pp.  594-605. 
<Am.  Jonr.  Sci..  2d  ser.,  vol.  2,  1846,  pp.  3<M8,  pp.  399,400. 
«Ibid.,  vol.  11, 1851,  pp.  390-3M. 
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sions  by  Agassiz'  and  Le  Conte,'  who  endeavored  to  prove  that  the 
peninsula  was  of  coral  formation  and  more  recent  in  origin.  The  later 
investigations  of  Smith,  Dall,  Heilprin,  and  Johnson  have  shown  the 
trnth  of  the  earlier  observations,  and  have  more  fally  identified  the 
varioas  horizons  represented. 

That  Eocene  covers  a  wide  area  in  Florida  is  now  generally  conceded, 
though  the  various  writers  dififer  as  to  the  limits  that  are  to  be  assigned 
to  it.  Direct  reference  to  the  publications  will  best  explain  these  dif- 
ferences.   Smith  says: 

From  specimens  collected  by  me  at  points  widely  distant  from  each  other,  from 
the  observationH  of  others  as  quoted  aboye,  and  from  evidence  derived  from  other 
sources,  I  am  brought  to  the  conclusion  that  ahnost  the  whole  of  Florida,  from  the 
Ferdido  River  on  the  west,  eastward  and  southward,  including  the  middle  and  west- 
ern parts  of  the  peninsula,  certainly  as  far  south  as  the  latitude  of  Tampa  Bay,  and 
probably  a^far  as  the  latitude  of  Charlotte  Harbor,  has  for  its  underlying  formation 
the  white  or  Orbitoides  limestone  of  Vicksburg  ap:e,  the  exceptions  as  yet  known 
being  the  pot^t-Pliocene  or  recent  limestones  forming  the  Keys  and  the  immediate 
coasts  along  the  western,  southern,  and  eastern  shores,  and  isolated  patches,  if  not 
a  continuous  belt,  of  Miocene  limestone  between  the  St.  Johns  River  and  the  elevated 
tablelands  westward. 

Heilprin,'  in  his  "  Contributions  to  the  Tertiary  Geology  and  Paleon- 
tology of  the  United  States,"  remarks  upon  the  geographical.bounda- 
ries: 

From  what  has  preceded,  taken  in  connection  with  the  observations  that  have 
been  made  in  western  as  well  as  in  northern  Florida,  it  may  safely  be  conceded  that 
the  underlying  rock  of  the  greater  portion,  if  not  of  nearly  the  entire  State,  is  of 
Oligocone  age,  and  therefore  no  countenance  is  given  to  the  theory  which  assnmesa 
recent  formation.  How  far  south  the  Orbitoitic  limestone  extends  has  not  yet  been 
determined,  but  there  appear  to  be  no  reasons  for  assigning  it  to  a  limit  far  removed 
from  the  border  line  of  the  Everglades.  For  aught  we  know  to  the  contrary,  it  may 
extend  quite  or  nearly  to  the  peninsula's  extremity. 

Dall/  discussing  the  same  point,  says : 

The  older  rocks  of  course  come  out  to  the  northward  and  along  the  central  part  of 
the  peninsula,  and  the  succession  of  the  newer  ones  is  toward  the  southern  extreme 
end,  and  the  Atlantic  and  Gulf  shores.  The  hypothetical  southward  extension  of  the 
Oligocene  (sometimes  taken  as  Eocene)  on  most  recent  geological  maps,  now  seems 
erroneous.    It  is  without  doubt  represented  as  considerably  too  great. 

Johnson^  states  in  regard  to  its  limits  that — 

The  most  southern  actually  seen  are  at  Pemberton,  Pasco  County,  and  on  the  head- 
waters of  Hillsboro  River,  in  Polk  County,  Sees.  27  and  28,  T.  26,  R.  23— which,  till 
further  advised,  may  be  set  as  the  southern  boundary  of  Eocene  exposure. 

From  the  above  statement  of  views  it  will  be  perceived  that  the  Eocene 
covers  a  wide  area  in  the  State,  even  though  somewhat  restricted  in 


'  Report  IT.  S.  CoMt  Surrey,  1851,  Dp.  145  et  teq. 
'Am.  Jonr.  Set.,  2d  ser.,  vol.  23, 1857,  pp.  48-60. 
sPaKe0  23.  24. 

^  Am.  Jour.  Sci.,  3d  aer.,  toL  84, 1887,  p.  168i» 
•Ibid.,  vol.  36, 1888,  p.  233. 
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range,  as  suggested  by  Dall  and  Johnson.  The  deposits  are  in  the 
main  calcareoas,  and  possess  many  points  in  common  with  the  ^'calca- 
reoas  strata  of  the  Charleston  basin,"  though  paleontologically  more 
closely  allied  to  the  limestone  of  Alabama  and  Mississippi,  described 
later  on. 

The  Eocene  strata  in  the  northern  portions  of  the  State  apparently 
afford  two  horizons,  the  significance  of  which  has  not  been  as  yet  fully 
determined.  The  lower  horizon,  composed  chiefly  of  limestones  and 
marls,  and  the  one  most  generally  represented,  contains  great  numbers 
of  Orbitoides  Mantelli  and  Pecten  perplanus.  Overlying  this  is  a  thin 
layer,  generally  silicified,  that  contains  Orbitoides  ephippium^  0.  dispansuj 
and  Operculifui  complanata. 

Johnson  states  that  ^Mt  is  a  mistake,  however,  to  suppose  that  this 
Kummulitic  formation  everywhere  hides  the  Vicksburg  rocks  of  the 
Orbitoides  Mantelli^  or  ever  did  overlie  the  whole  of  it.  ]!^umerous 
are  the  exposures  to  prove  the  contrary."  A  typical  locality  in  which 
to  see  the  superposition  of  the  beds  is  at  Lovyville,  Levy  County, 
where  the  upper  horizon  is  "really  a  stratum  overlying  the  Vicks- 
burg rocks,"  and  "is  a  beautiful,  soft,  porous  building  stone  about 
20  feet  in  thickness."  "Often  struck  in  artesian  borings  and  easily 
identified  by  the  peculiar  nummulites,  it  has  a  greater  thickness  under 
the  Neocene  formations  to  the  east.  In  these  western  regions  it  has 
probably  suffered  general  removal  by  erosion.  Apparently  conforma- 
ble in  deposition  with  the  Vicksburg  stage,  the  Levy  ville  formation  is 
evidently  not  identical  with  it,  and  demands  a  further  investigation." 
Later  observations  tend  to  show  that  Johnson  has  confounded  the  Eo- 
cene and  Miocene  siliceous  rocks  at  many  points,  so  that  his  conclusions 
are  somewhat  vitiated. 

ALABAMA. 

No  other  portion  of  the  coastal  area  has  received  such  careful  and  de- 
tailed  investigation  as  that  contiguous  to  the  Tomb^'gbee  and  Alabama 
Rivers.  The  publications  of  Hale,  Conrad,  Tuomey,  Lyell,  Hilgard, 
Winchell,  Smith,  Johnson,  Langdon,  Heilprin,  Aldrich,  and  others  afford 
an  extensive  literature  that  gives  us  the  results  of  investigations  extend* 
4ng  over  a  long  term  of  years.  The  State  geological  survey,  under  the 
directorship  of  Prof.  E.  A.  Smith,  has  been  the  chief  factor  in  this  work, 
and  its  members  have  compiled  the  only  complete  section  of  the  early 
Tertiary  strata  that  has  thus  far  been  made. 

The  deposits  of  Eocene  age  extend  across  the  State  from  the  Chatta- 
hoochee River  to  the  Mississippi  border  in  a  slightly  sinuous  southeast 
and  northwest  direction,  and  with  an  average  width  of  about  GO  miles. 
The  thickness  of  the  entire  series  has  been  estimated  by  Smith  to  be 
not  far  from  1,700  feet  and  the  dip  seaward  approximately  30  feet  to 
the  mile^  although  marked  variations  occur  at  several  points.    The 
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divisions  establisbcd  by  Smitb  and  Jobnson'  are  adopted  here,  and  ai6 
in  descending  scale  as  follows : 

Fe«t 

C  Coral  limestone  (Vickaburgf) 150 

White  limestone  .<  Vioksbarg  (orbitoidal) 140 

(  JacksoQ (^ 

Claiborne 14a-14r) 

Buhrstoue :'<'0 

'  Hatcbetif^bee l/'i 

Woods  Bluff «)-8:. 

Bells  Landing 140 

Lignitic i  Nanafalia t»0« 

Matthews  Landing  and  Naheola 130-iriO 

Black  lUnff 100 

, Midway *£» 


Eocene.  << 


V 


Lignitic, — ^The  lowest  member  of  tbe  Eocene  series  has  been  desig- 
nated the  Lignitic  by  Hilgard.  It  has  a  thickness  of  aboat  900  feet, 
and  according  to  Smith  and  Johnson — 

Is  made  np  of  laminated  clays  and  laminated  and  cross-bedded  sands  of  a  prevailing 
gray  color,  except  immediately  below  the  Buhrstone,  where  for  200  feet  or  more  they  are 
of  dark  brown,  often  purplish. colors.  With  the  above-mentioned  laminated  clays  and 
sand  are  interstratified  several  beds  of  lignite  and  several  beds  holding  marine  fotisi la, 
and  usually  characterized  by  the  presence  of  glanconite  or  greensand.  *  •  •  xbe 
Lignitic  formation  comprises  three  well  marked  divisions  defined  by  color,  which  is 
here  an  index  of  constitntion.  The  npper  one-fourth  consists  of  irregularly  l>cddcd, 
dark,  siliceous,  and  liguitiferous  clays  and  heterogeneous  sands,  ax)proaching  the 
basal  portion  of  the  Buhrstone  formation  in  composition  and  structure,  interstratitic^l 
with  discontinuous  beds  of  lignite  and  continuous  layers  of  clay  and  sand  contain in^; 
marine  fossils.  The  medial  three-fifths  of  the  formation  is  raade  up  of  nither  iiioro 
regularly  stratified  clays  and  sands  of  light  color,  frequently  cross  bedded,  contain- 
ing occasional  beds  of  lignite  and  of  marine  sands  yielding  littoral  fossils,  one  of 
which  (the  Gryphau  IhirscB  bed)  is  50  to  60  feet  in  thickness.  The  basal  deposits  are 
irregularly  bedded,  dark,  or  even  black,  calcareous,  shaly  or  slaty  clays,  with  few 
fossils  or  definite  beds  of  lignite,  though  considerable  quantities  of  carbonaceous  mat- 
ter are  disseminated  throughout  its  mass. 

At  the  base  of  the  Lignitic  there  is  a  rapid  change  in  the  character  of  both  rocks 
and  fossils,  the  lowermost  15  to  20  feet  of  the  formation  being  limestone,  at  first  argil- 
laceous, then  quite  pure,  and  even  crystalline.  This  crystalline  limestone  rests  with 
apparent  conformity  upon  the  yellow  sands  which  make  the  summit  of  the  Creta- 
ceous group.* 

The  Lignitic  gronp  as  a  distinct  horizon  is,  according  to  Smith,  sep- 
arated from  the  overlying  formation  (Buhrstone)  upon  lithological 
grounds  alone.     He  says : 

In  the  strata  which  we  have  called  Lignitic  the  material,  as  compared  with  that 
of  the  Buhrstone,  is  more  sandy  and  calcareous  and  at  the  same  time  more  fossi}- 
iferous.  The  shells  in  many  cases  are  decayed  and  the  calcareous  matter  of  the  sanio 
often  appears  to  have  been  leached  out  and  diffused  through  the  surrounding  sands, 
occasionally  cementing  them  together  and  forming  calcareous  sandstone.  These 
sandstone  beds  always  show  a  tendency  to  weather  into  rounded,  bowlder-like 
masses,  which  project  from  the  faces  of  the  blufi's  or,  broken  off,  roll  down,  forming 
a  talus.  When  broken  open  these  bowlders  usually  show  a  nucleus  of  thoroughly 
decayed  shells  or  of  ferruginous,  lignitic  matter.  *  •  *  A  ledge  of  calcareous 
sandstone  of  this  kind  is  found  about  20  or  30  feet  below  the  lowermost  of  the  aln- 
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niiiicms  rocks^  which  we  consider  as  charaoteristic  of  the  Bnhrstone,  and  similar  cal- 
careous sandstones  weathering  into  bowlders  occur  at  intervals  throughout  the  un- 
derlying Lignitio  strata.  *  *  *  None  of  the  beds  of  the  underlying  Ligni tic  have 
even  a  remote  resemblance  to  the  Bahrstone  rocks,  except  certain  indurated  clays 
which  overlie  the  Gryphaa  thiracB  beds  in  the  Grampian  Hills  of  Wilcox  County  and 
their  prolongation  into  Butler  County.  Even  in  this  case  the  distinction  between 
the  two  can  readily  be  discovered,  as  the  indurated  clays  of  the  Lignitic  are,  in  some 
orthe  beds,  quite  full  of  shell  casts,  principally  Turritellas  and  Cythereas,  and  the 
material  itself,  npon  close  examination,  does  not  so  strongly  resemble  the  Bnhrstone 
as  upon  first  sight  appears.' 

Tbft  Lignitic  occupies  the  inland  border  of  the  Eocene  area,  increas- 
ing in  thickness  from  the  east  toward  the  west.  The  iuterstratified 
marine  beds,  each  of  which  has  its  <<  peculiar  association  ot  fossils," 
together  with  certain  "  lithologic  and  structural  character,"  have  been 
divided  by  Smith  and  Johnson  into  the  following  7  horizons,  which  are 

0 

given  in  descending  order: 

7.  The  Hatchetigbee  marls. 

6.  The  Woods  Bluff  or  Bashi  marl. 

5.  The  Bells  Landing  series. 

4.  The  Naiiafalia  or  Gryphaa  thirsoB  marl. 

3.  The  Matthews  Landing  and  Naheola  marls. 

2.  The  Black  Bluff  beds. 

1.  The  Midway  or  Pine  Barren  bedB. 

The  sections  exhibited  on  the  Alabama  and  Tombigbee  Bivers  are 
characterized  as  follows:* 

The  Midway  or  Pine  Barren  section, — ^Thiekness,  2.5  feet.  The  strata  are :  a  white, 
argilhaceous  limestone  holding  a  large  nautilus,  which  is  characteristic  of  the  hori- 
zon, 10  feet ;  calcareous  sands  and  a  yellowish  crystalline  limestone,  with  Turritel- 
las, Carditas,  and  corals,  the  sands  6  feet,  the  limestone  8  or  9  feet.  This  section  is 
beat  seen  in  eastern  Wilcox  County,  on  Pine  Barren  Creek,  but  the  upper  or  Nautilus 
rock  occurs  at  Midway,  on  the  Alabama  River,  and  westward  across  Marengo  County. 

The  Black  Bluff  section, — ^We  have  difficulty  in  determining  the  exact  thickness, 
since  on  the  Tombigbee  the  strara  of  this  section  are  spread  over  an  extent  of  sur- 
face which  wonld,  with  uniform  dip,  correspond  to  a  thickness  of  over  200  feet,  while 
on  the  Alabama,  and  more  particularly  inland  in  the  eastern  part  of  Wilcox  County, 
the  thickness  is  not  greater  than  ?5  or  40  feet.  Since  80  feet  of  these  beds  are  seen 
in  superposition  at  one  locality  (Black  Bluff),  we  think  that  the  maximum  thickness 
can  not  be  less  than  100  feet.  The  characteristic  strata  which  compose  nearly  the 
whole  of  this  section  are  black  or  very  dark  brown  clays,  which  are  in  part  fossil- 
iferons. 

The  Naheola  and  Matthews  Landing  section, — It  is  difficult  to  give  the  precise  thick- 
ness of  this  section,  since  it  varies  on  the  two  rivers.  We  have  placed  it  at  130  to 
150 ;  the  strata  are  gray,  sandy  clays  in  the  main,  alternating  with  cross-bedded 
sand.  The  beds  of  dark,  sandy,  and  glauconitio  clay,  containing  marine  fossils,  lie  at 
the  base  of  the  section.  At  Naheola,  on  the  Tombigbee,  the  upper  and  more  glauconi- 
tio part  of  the  bed  is  most  prominent,  while  at  Matthews  Landing,  on  the  Alabama, 
the  lower  part  of  the  bed  dark  gray  sandy  clay  forms  the  bluff. 

The  Nanafalia  or  Coal  Bluff  section, — The  strata  of  this  section  are  200  feet  in  thick- 
ness, and  consist  of  about  50  feet  of  gray  sandy  clays  at  top,  which  shows  a  tendency 
to  indurate  into  tolerably  firm  rocks  resembling  very  closely  some  of  the  strata  of  the 
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BnhrHtone.  Below  this,  nbout  80  feet  of  sandy  beds,  often  strongly  glanconitic,  char- 
acterized throughout  by  sheLlsof  a  small  oyster  {Gryphaa  thirao!).  Near  the  base  of 
this  sandy  diviHion  there  is  a  bed  about  20  feet  thick,  literally  packed  with  thew 
Bhells.  Below  the  Gryphaa  ihir$ce  beds  follow  some  70  feet  of  cross-bedded  sandA, 
glauconitic  and  apparently  devoid  of  fossils,  including,  about  10  feet  from  the  base 
of  the  section,  a  bed  of  lignite  which  varies  in  thickness  from  4  to  7  feet. 

The  Bells  Landing  section. — This  is  140  feet  in  thickness,  and  inclades  two  impor- 
tant marine  beds,  and  a  third  quite  small  and  apparently  unimportant.  These  fos- 
siliferons  beds  are  interstratified  with  yellowish  sands  in  the  upper  and  rather  heavy 
bedded  sandy  clays  in  the  lower  part  of  the  section.  The  upper  marine  bed,  called 
the  Bell's  Lauding  marl,  is  about  10  feet  iu  thickness  and  has  40  feet  of  sandy  strata 
above  it.  The  middle  bed  is  called  the  Grcggs  Landing  marl,  and  it  is  20  to  25  feet 
below  the  preceding;  it  is  about  5  feet  in  thickness.  The  lowermost  of  the  fossilif- 
erons  beils  of  this  section  is  only  about  one  foot  in  thickness  and  lies  abont  50  feet 
below  the  Greggs  Lauding  bed.  It  is  highly  glauconitic,  but  does  not  contain  any 
great  variety  of  fossils.  The  Beils  Landing  marl  is  distinguished  from  all  others  in 
Alabama  by  the  great  size  of  the  shells  which  it  contains. 

Voluta  Newcombiana^  Roatellaria  trinodifera^  TurHtella  Mortoni^  Car- 
dita  planicosta,  and  Oatrea  compressirostra  are  common  forms. 

The  JVood's  Bluff  or  Bashi  section, — ^This  is  80  to  85  feet  in  thickness.  The  upper- 
most IU)  feet  of  the  section  consist  of  dark  brown  clays  passing  into  a  green  sand, 
which  holds  a  great  variety  of  finely  preserved  marine  shells.  Below  this  grecnsand 
marl  are  gray  sandy  clays,  with  4  or  5  thin  beds  of  lignite  within  the  first  25  feet, 
succeeded  by  about  30  feet  of  cross-bedded  sands,  with  a  2-foot  seam  of  lignite  at  the 
base. 

The  Hatchetighee  section, — This  section  is  175  feet  in  thickness,  made  np  of  sandy 
clays  of  prevailing  brown  or  purplish  color,  cout:iining  li  or  4  beds  of  marine  fossils 
in  the  uppermost  75  feet,  and  of  somewfiat  similar  purplish  brown  sandy  clays  nearly 
devoid  of  marine  fossils  in  the  lower  100  feet.  All  these  brown  sandy  days  become 
much  lighter  colored  upon  drying  and  exposure  to  the  weather. 

Dae  to  several  folds  in  the  strata,  the  Lignitic  beds  appear  at  the  sur- 
face at  several  points  to  the  south  of  its  continuous  outcrop,  and  have 
been  very  fully  investigated  in  the  western  portion  of  Clarke  County. 

Langdon^  has  recently  published  an  article  in  which  the  continuation 
of  the  Lignitic  into  the  Chattahoochee  drainage  is  shown.  Several  of 
the  horizons  established  by  Smith  in  the  central  and  western  portions^ 
of  the  State  are  traced  to  the  banks  of  the  Chattahoochee  River,  al- 
though they  frequently  exhibit  marked  changes  in  both  deposits  and  fos- 
sils. In  general  the  strata  present  a  more  marine  phase,  and  the  lig- 
nitic character  of  the  beds  farther  west  is  gradually  lost.  The  Midway 
or  Pine  Barren  beds  reach  the  thickness  of  about  220  feet  on  the  Chatta- 
hoochee and  become  the  most  important  member  of  the  Lignitic  series. 
The  Black  Bluff  beds  and  the  Matthews  Landing  and  Naheola  marls 
are  wanting.  The  Nanafalia  marl  rests  unconformably  upon  the  Mid- 
way beds  and  attains  a  thickness  of  175  feet.  This  marl  was  considered 
Claiborne  by  Loughridge.^  The  Bell's  Landing  series  is  173  feet  thick 
on  the  Chattahoochee,  and  is  with  difficulty  separated  from  the  overly- 

1  Geol.  Soo.  America,  Ball.,  vol.  2, 1891,  pp.  687-605. 
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ing  formation,  the  Wood's  Bluff  or  Bashi  raarl,  which  here  attains  a 
thickness  of  44  feet.  The  uppermost  member  of  the  Liguitic,  the 
Hatchetigbee  marls,  present  quite  similar  lithological  characteristics  on 
the  Chattahoochee  Eiver  as  at  the  place  of  its  typical  development, 
though  the  beds  have  been  reduced  to  10  feet  in  thickness. 

Buhrstone. — Overlying  the  Lignitic  is  a  series  of  alluminous  sands  and 
sandstones  that  are  at  times  glauconitic,  even  appearing  locally  as  well- 
dehued  layers  of  greensaud. 

In  most  cases  tbey  are  merely  alterations  of  indurated  clays,  with  aUnminons  sand- 
stones of  varying  degrees  of  hardness.  While  i  n  the  extremes  of  pare  clay  and  almost 
pure  quartz  the  materials  of  this  formation  diifer  widely,  the  formation  as  a  whole 
leaves  upon  the  mind  of  tbe  observer  a  lively  impression  of  the  uniformity  in  the  lith- 
ological structure  and  general  appearance  of  its  constituent  strata.  *  *  *  In 
general  the  uppermost  beds  (15  to  20  feet)  are  composed  of  joint  clays,  which,  when 
indurat>ed,  form  tolerably  firm  rocks.  Near  the  base  of  the  formation  similar  clays  or 
claystones  are  nsually  seen.  In  many  places  there  is  a  bed  several  feet  in  thickness 
of  a  hard,  siliceous,  or  flinty  sandstone,  almost  a  quartzite,  just  at  the  base  of  the 
Buhrstoue.^ 

Smith  and  Johnson  separate  this  horizon  from  the  Lignitic  upon  lith. 
ological  grounds  alone.  Following  Tuomey,  they  employ  the  term 
Buhrstone  to  designate  it.  They  say,  ^'  The  aluminous  rocks  we  assign 
to  the  Buhrstone,  while  the  sandy  rocks,  with  the  intercalated  beds  of 
calcareous  matter  we  place  with  the  Lignitic."  Although  this  discrimi- 
nation seems  possible  in  Alabama,  too  little  is  known  of  the  relationship 
of  the  beds  beyond  the  State  to  say  whether  this  difference  is  wide- 
spread. 

The  Buhrstone  is  found  as  a  sinuous  band  to  the  south  of  the  Lig- 
nitic, and  extending  from  southeast  to  northwest  across  the  State. 

On  the  Alabama  River  the  uppermost  of  the  Buhrstone  beds  are  well  exposed  at 
Lisbon  Landing,  and  the  lowermost  a  short  distance  above  Hamilton's,  whence  they 
extend  across  Clarke  County  westward  or  northwestward  to  White  Bluff  and  McCar- 
thy's Ferry,  and  thence  in  a  northwesterly  direction  across  Choctaw  County,  just  sonth 
of  Butler.  On  the  eastern  side  of  the  Alabama  River  they  appear  in  the  hills  south 
of  Bells  Landing,  and  across  Monroe  County  north  of  Kempsyille  and  south  of  Turn- 
bull,  turning  a  little  to  the  northward  in  tbe  eastern  part  of  the  county.  To  the  east- 
ward  they  may  be  seen  again  near  Ozark,  in  Dale  Connty,  and  near  Abbeyille,  in 
Uenry  County.  • 

There  is  considerable  doubt  as  to  the  thickness  of  the  Buhrstone 
series,  but  the  least  estimate  places  it  at  300  feet.  The  fossils  do  not 
afford  a  means  of  discrimination  either  from  the  Claiborne  above  or  the 
Lignitic  below.  They  are  not  numerous  and  are  for  the  most  part 
poorly  preserved. 

Langdou'  has  more  recently  noted  the  occurrence  of  the  Buhrstone 
on  the  Chattahoochee,  where  '^  the  percentage  of  clay  decreases,  while 
the  rocks  become  more  calcareous  and  the  fossils  more  abundant.  In 
lieu  of  the  silicified  casts  characterizing  the  Buhrstone  of  the  Tombig- 

»  U.  S.  Gool.  Surv.,  Bull,  43,  1887,  pp.  35. 36. 

•Ibid.,  p. 36. 
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bee  and  Alabama  Rivers,  extensive  beds  of  Ostrea  sellcB/ormis  (van 
divarieata)  and  an  Aiiofnia  occan^  The  thickness  of  the  beds  here  is 
stated  to  be  about  100  feet. 

Claiborne. — The  Claiborne  formation,  so  typically  represented  at  the 
Claiborne  Bluffs,  on  the  Alabama  Eiver,  consists  of  incoherent  sands 
and  clays,  that  are  frequently  ferruginous  or  calcareous  and  often  glau- 
conitic.  The  thickness  of  the  deposits  is  about  150  feet.  The  beds  of 
this  horizon  are  renowned  for  their  many  fossils,  which,  however,  are 
chiefly  confined  to  the  ferruginous  sands  near  the  top  of  the  formation. 
Beneath  this  upper  bed,  known  as  the  ^'Claiborne  Fossiliferous  sand," 
and  which  is  about  15  feet  in  thickness,  are  ^'  some  60  feet  of  calcareous 
clays  and  calcareous  sands." 

Tho  whole  of  tbis  60  feet  of  strata,  except  perhaps  some  10  feet  of  bine  clay  near 
the  top,  is  distinguished  from  all  the  other  beds  of  the  Claiborne  formation  by  the 
great  n ambers  of  shells  of  Ostrea  sellceformis  which  it  holds.  These  shells  are  foand 
more  abnndautly  iu  the  hard  sandy  ledges  which  occur  at  intervals  of  a  few  feet 
through  the  whole  thickness  of  these  beds.  •  ^  *  Below  these  Ostrea  aeUaiformis 
beds  we  find  at  Claiborne  and  at  Lisbon  some  50  feet  or  more  of  sandy  and  clayey 
beds  in  many  cases  strongly  glauconitic  and  holding  a  great  number  as  well  as  a 
great  variety  of  well  preserved  fossils.^ 

A  generalized  section  of  the  Claiborne  Bluff,  according  to  Prof.  E.  H. 
Smith,  is  given  below:  * 

7.  A  bed  of  very  variable  thickness,  consisting  of  sand,  pebbles,  and  red  loam,  which 
forms  the  surface  over  a  great  part  of  the  State.  The  average  thickness  of  this 
bed  along  the  bluff  may  be  put  at 35  to  40  ft. 

6.  A  band  of  white  limestone,  containing  glanconite  grains,  forming  vertical  faces 
usually  striped  by  thin  projecting  ledges about  45  ft. 

5.  A  band  showing  two  very  distinct  parts,  viz,  an  upper  part,  a  bed  holding  great 
numbers  of  Scutella  Lyellij  3  feet  thick,  and  a  lower  part,  6  feet  thick,  of  coarse, 
ferruginous  sands,  which  are  indurated  at  the  base  and  form  a  very  marked  pro- 
jecting ledge 9  ft. 

4,  A  band  of  very  uniform  appearance  of  reddish  yellow  or  buff  color,  consisting  of 
a  mass  of  shells  embedded  in  red  sand.  This  is  tho  celebrated  Claiborne  sand. 
It  weathers  very  smoothly  and  is  less  projecting  than  the  ledges  above  and  be- 
low it  15  to  17  ft. 

3.  A  band  of  light  gray  calcareous  clay  with  a  few  sandy  stripes  and  indurated 

lodges ^ 25  to  28  ft. 

All  these  beds  make  up  the  nearly  vertical  part  of  the  bluff  near  and  between 
the  two  landings.  Below  those  to  the  river  level  the  slope  is  almost  entirely 
covc^^ed  by  the  loose  fragments  rolled  down  from  above,  so  that  the  underlying 
strati  lied  rocks  are  discovered  only  where  these  loose  materials  have  been  re- 
moved. Between  the  upper  landing  and  the  ferry  these  lower  strata  of  the  bluff 
are  more  clearly  exposed  to  view. 

2.  A  band  of  light  yeUowish,  gray,  calcareous  sand  striped  with  a  number  of  hard 
ledges  of  similar  sandy  material.  This  band  is  a  very  prominent  part  of  the 
bluff,  but  is  in  many  places,  as  above  stated,  much  obscured  by  the  fragments  of 
thei)ther  beds  which  have  rolled  down  from  above about  35  ft. 

» U.  S.  GeoL  Surv.,  Bull.  43, 1887,  pp.  20, 27.  « Ibid.,  p.  2a 
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I.  A  band  of  dnrk  blaish  green  color,  consisting  of  clayey  sands  and  clays  passing 

downward  into  a  green  sand  bod  6  to  8  feet  thick,  which  appears,  however, 
above  water  only  above  the  upper  landing about  12  ft. 

No.  4,  probably  represents  the  top  of  the  Claiborne  division.  The  base 
of  the  series  is  not  reached  at  this  point,  but  the  following  more  detailed 
section  presents  in  Nos.  G-15  the  portion  of  the  Claiborne  Bluff  just  given 
in  Nos.  1-4.  while  Nos.  I  [l]-6  [6J  in  the  detailed  section  are  represented 
at  Lisbon  Landing,  a  few  miles  above,  thus  affording  a  complete  series 
of  the  Claiborne  in  the  vicinity  of  its  type  locality.    Smith  says : 

There  is  no  doubt  as  to  the  geologic  horizon  of  the  Lisbon  section,  since  the  two 
lowenno6t  beds  of  the  Claiborne  section  appear  at  the  top  of  the  Lisbon  Bluff,  the 
peculiar  association  of  the  shells  making  the  identification  easy  and  certain.^ 

Detailed  section  of  Claiborne  group  of  Claiborne  Bluff  and  Lisbon  Landing^  Alabama 

MiveTf  after  Smith  and  Johneon,* 

15.  Ferruginous  sand,  holding  vast  numbers  of  comminuted  as  well  as  well  preserved 
shells.  Near  the  center  of  this  there  are  in  places  thin  bands  of  lignite,  and 
along  the  ferry  road  the  upper  part  of  it  is  composed  of  laminated  gray  clays 
filled  with  leaf  impressions.  This  is  the  source  of  the  celebrated  Claiborne 
fossils,  and  vre  shall  call  it  the  Claiborne  Fossiliferons  sand.  In  many  parts  of 
Monroe  and  Clarke  Counties,  where  this  bed  is  more  protected,  the  material  in 
which  the  shells  are  embedded  is  seen  to  be  a  green  sand,  while  at  the  Claiborne 
Bluff  and  vicinity,  and  at  a  bluff  above  St.  Stephens,  it  is  completely  oxidized 
into  a  red  ferruginous  sand.    Thickaess  about  Claiborne 15  to  17  ft. 

14.  Bluish  green  glauconitic,  sandy  marl,  with  Ostrea  eellaformis  usually  somewhat 
indurated  above,  and  forming  a  hard  projecting  ledge 3  to  4  ft. 

13.  Calcareous  clay  or  clayey  marl,  of  gray  color  when  dry,  but  blue  when  wet.  It 
contains  a  few  badly  preserved  chalky  fossils.  Bulla  and  small  Turritellas. 
This  bed  becomes  sandier  below,  as  well  as  glauconitic  and  highly  fossiliferons, 
the  principal  shells  being  Oatrca  eellisformie  and  a  few  Pectens.  The  clayey 
sandy  parts,  together  about 16  ft. 

12.  Light  gray  calqaireous  clay  similar  to  the  upper  part  of  the  preceding  bed,  with 
hard,  sandy  ledges  at  the  top  and  bottom 7  ft. 

II.  Light  yellowish  gray  calcareous  sands,  with  Ostrea  sellceformia  and  Pectens ;  the 

lower  half  indurated  and  full  of  the  molds  or  casts  of  univalve  shells 5  ft. 

10.  Light  yellowish  gray  calcareous  sands,  like  those  which  make  the  upper  half  of 
bed  No.  11.  This  bed  has  several  hard  projecting  ledges  of  the  same  sandy 
material  and  contains  a  number  of  fossils :  Ostrea  sellaformief  fragments  of 
Soutella  Lyelliy  Scalpellum  eocense,  Pecten  DeahayeHiy  etc.  The  sandy  part8  of  this 
bed  are  loose,  crumbling  easily  between  the  fingers.  There  are  thin  bods  of 
more  clayey  texture,  one  of  which,  about  the  center  of  the  stratum,  holds  a 
number  of  irregularly  shaped  concretionary  masses  of  cl.'vy.  Near  the  base  are 
one  or  two  indurated  ledges  of  glauconitic  sand  and  shells  of  Ostrea  sellcs- 
formis 27  ft. 

9.  Layer  of  comminuted  shells  of  OsU'ea  sellceformis,  together  with  perfect  shells  of 
some  other  species  embedded  in  glauconitic  or  green  sand 3  ft. 

8.  Dark  bluish  black  sandy  clay 2  ft. 

7.  Bluish  green  clayey  sands  with  few  fossils  in  the  upper  part,  but  becoming  more 
clayey  below  and  highly  fossiliferons :  VeneHcardia  planioosta,  V.  rotunda, 
Nttoula  magmjioay  Area  rhomboidella,  Ostrea  sellcBf or  mis  j  Voluta  Sayana^  Turritella 
lineataj  T,  bellifera  Aldrich,  besides  species  of  NaUca,  Corbula,  Cytherea,  Ludna, 
etc.    This  bed  averages  10  feet  or  more  in  thickness. 

>I7.aG«oLSarv.,BulL48,1887,  p.aO.  «1\A4.,  VV.T^,^J^ 
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6.  Dark  green  sandy  marl,  glanconitio;  grayish  above,  blnisb  below.  This  bed  it 
vometiiues  badly  weathered  and  of  more  brownish  color.  It  holds  a  number  of 
fossils,  among  which  the  most  noticeable  are  a  peculiar  small  form  of  Feneri- 
oardia planicosta  Lam.  and  large  Turritdla  Morioni  Con.  This  bed,  which  is  the 
lowest  at  Claiborne,  may  be  seen  between  the  upper  landing  and  the  ferry,  and 
its  exposure  is  from  6  to  8  feet,  according  to  the  stage  of  the  water. 

6.  [6]  Dark  brown  sandy  clays,  badly  weathered,  highly  fossiliferons,  cont4iiniDg 
the  same  shells  as  beds  Nos.  7  and  6  at  Claiborne,  viz,  the  peculiar  small  variety 
of  VenericardiaplanUoonta  Lam.,  large  Turritdla  Mortoni  Con.,  Area  rkomhindelUi 
Lea,  Lucina  compressa  Lea,  Xucula  magnifica  Con.,  Turritella  belli/era  (Aldrich), 
etc.    This  bed  becomes  more  sandy  below 8  to  12  ft. 

5.  [5]  Hard  projecting  sandy  ledge Sin. 

4.  [4]  Calcareous,  clayey  sands,  light  yellow  when  wet,  nearly  white  when  dry, 
glaucouitic,  forming  smooth  vertical  blufif 6to8ft. 

3.  [3]  Coarse  grained  sandy  glanconitio  bed  with  comminuted  shells  and  maoy 
fiuely  preserved  shells  of  uncommon  occurrence 3  ft. 

2.  [2]  Light  yellow  glanconitio  sands  capped  with  hard  ledge 15  ft. 

1.  LI]  Blue  glaucouitic  sands,  probably  the  same  as  No.  2  above,  bat  less  completely 
oxidized,  lowest  of  Claiborne  strata 5  ft, 

Important  sections  are  found  at  Gosport  Landing  and  Rattlesnake 
Bluff,  on  the  Alabama  Biver,  and  at  OoifeeviUe  Landing,  on  the  Tom- 
bigbee  Ki  ver,  as  well  as  at  other  points  in  Choctaw,  Washington,  Clarke, 
and  Monroe  Counties. 

On  the  Chattahoochee  River  Langdon^  states  that  the  Claiborne  is 
represented  by  the  Ostrea  sallw/ormis  zone  alone,  which  persists  across 
Alabama  with  a  thickness  of  about  75  feet,  occurring  as  a  bed  of  gray 
calcareous  sand. 

White  limestone, — Under  this  division  are  included  deposits  that  have 
hitherto  been  generally  designated  iis  the  Jackson  and  Yicksburg 
groups,  terras  derived  from  Mississippi  localities,  where  strata  of  similar 
age  are  more  extensively  represented.  That  there  is  little  distinctive 
difference  in  the  fauna  of  these  two  horizons  has  been  shown  by  the 
fossils  which  have  recently  been  collected  in  Alabama  by  Mr.  T.  H. 
Aldrich,  as  well  as  '^the  finding  by  him  of  Gardita  planicosta  in  the 
uppermost  beds  of  the  White  limestone  near  Claiborne."  Smith  and 
Johnson '  state  that  although  certain  paleontological  and  litbological 
difiereuces  may  be  observed  in  the  two  portions  of  the  series,  these  dif- 
ferences do  not  justify  the  division  of  a  formation  which  in  Alabama 
so  clearly  presents  itself  as  a  unit.  Moreover,  overlying  the  Jackson 
and  Yicksburg  groups  a  third  horizon  has  been  recognized  by  them 
and  designated  the  Coral  limestone. 

The  term  White  limestone,  which  includes  these  three  subdivisions, 
was  early  employed  by  Tuomey^  with  much  the  present  significance, 
although  later  used  by  Heilprin*  lor  the  lower  or  Jackson  group  only. 

The  literature  of  the  White  limestone  is  rather  confusing,  owing  to 

the  fact  that  the  stratigraphical  position  of  the  Zenglodon  beds  was 

« _^ 

>  Geol.  Soo.  Araerioa,  Bull.,  vol.  2, 1801,  pp.  597, 598. 
*n.  S.  Oeol.  Surr.,  Bull..  43, 1887,  p.  19. 
*  Geol.  Surv.,  Alabama,  Ist  Bien.  Rept,  1850,  p.  15i. 
«  Contrib.  Tert  GeoL  and  PaL  U.  S.,  1884,  p.  33. 
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not  early  recognized.  Oonrad  held  that  the  Zeaglodon  and  Orbitoides 
were  referable  to  deposits  of  the  same  ag3.  Lyell  ^  was  the  first  to 
properly  distinguish  the  two  horizons  and  to  assign  to  the  Zeaglodon 
beds  ^Jackson)  their  real  position  below  the  Orbitoides  limestone 
(Vicksbarg).  The  same  fact  was  also  recognized  by  Hale  ^  and  strongly 
insisted  on  by  Hilgard^  and  most  sabseqnent  writers. 

The  general  features  of  the  White  limestone  are  described  in  the  fol- 
lowing terms  by  Smith  and  Johnson  :^ 

It  consists  chiefly  of  regularly  bedded,  impare  limestone,  with  intercalated  layers 
of  marly  caloareons  clay  and  sand,  and  some  ledges  of  pure  limestone.  Its  npper 
portion  is  perceptibly  more  caloareons  than  the  lower,  and  contains  a  notably  greater 
proportion  of  deep  sea  fossils;  but  neither  the  lithologic  nor  the  paleontologic  fea- 
tures are  sufficiently  distinct  to  warrant  division  of  the  formation.  Its  position  and 
its  structure  alike  indicate  that  it  was  laid  down  in  a  deep  and  probably  deepening 
sea. 

The  different  subdivisions  of  the  White  limestone  are  farther  de- 
scribed in  detail.^ 

The  lower  division  of  the  White  limestone^  about  60  feet  in  thickness,  is  in  general 
terms  a  light  colored  argillaceous  limestone,  resembling  the  Rotten  limestone  of  the 
Ck-otaceons  formation  both  in  the  character  of  the  rock  and  in  that  of  the  sojls  to 
which  it  gives  rise  on  disintegration.  It  is  traversed  by  thin  bands  of  tolerably  pure 
white  limestone,  and  by  beds  of  slightly  calcareous  clay,  the  latter  often  impregnated 
with  gypsum.  In  places  it  is  strongly  glauconitic.  This  diyision  con  tains  a  greater 
variety  of  fossils  than  either  of  the  other  two,  though  probably  a  smaller  number. 
The  fossils  appear  in  general  to  be  much  more  abundant  in  the  upper  half  of  the  rock« 
where  the  more  commonly  occurring  species  are  Peoten  perplanus  Mort.,  SpondyluM 
4ufM8U8  Mort.,  Oatrea  cretacea  Mort.,  sharks'  teeth,  bones  of  Zeaglodon  cetoides,  and 
Terebraiala  lachryma  Mort.  This  upper  and  most  highly  fossiliferous  part  holds  cal- 
careous clays  which  are  strongly  phosphatic  and  occasionally  well  filled  with  phos- 
phatic  or  coprolitic  nodules.  The  lower  half  of  this  division,  while  less  fossiliferous 
than  the  preceding,  has,  in  nearly  every  locality  examined,  a  bed  near  its  base  at  least 
3  feet  in  thickness  holding  vast  numbers  of  Soutella  Lyelli  Con.  This,  which  we  have 
called  the  Scutella  bed,  has  often  served  us  as  a  guide  in  the  study  of  this  formation 
in  the  field,  since  it  overlies  by  a  few  feet  only  the  Claiborne  fossiliferous  sands. 

The  middle  diviHon  of  the  White  limestone  has  a  thickness  of  at  least  140  feet. 
Lithologically  it  varies  considerably,  being  in  part  a  hard,  crystalline  limestone 
weathering  into  rough,  irregularly  shaped  pieces,  which  have  suggested  the  name 
"horse  bone^'  rock,  popularly  used  to  designate  it.  Another  variety  is  a  soft,  some- 
times pulverulent  mass  of  nearly  pure  carbonate  of  lime,  which  is  everywhere  quar- 
ried for  building  purposes.  When  fresh,  this  rock  may  easily  be  cut  with  an  ax  or 
a  saw,  but  it  hardens  on  exposure  to  the  air  and  lasts  for  many  years  in  chimneys 
and  pillars  to  houses.  This  part  of  the  White  limestone  contains  as  a  characteristic 
fossil  Orbitoidee  Mantelli,  often  in  such  numbers  that  the  rock  is  little  more  than  a 
mass  of  the  disks  of  Orbitoides  packed  in  soft,  white  carbonate  of  lime.  The  Orbit- 
oides are  most  abundant  in  the  upper  two-thirds  of  this  division,  becoming  less  and 
less  abundant  below  this. 

The  uppermost  division,  150  feet  in  thickness,  has  as  yet  been  observed  in  one 
locality  only,  viz,  at  Salt  Mountain  at  the  Middle  Salt  Works  in  Clarke  County, 

*  Am.  Jonr.  Soi.,  2d  ter.,  vol.  4, 1847,  pp.  186-19L 

•  Ibid.,  ToL  8, 1848,  pp.  854-363. 
>  Ibid.,  ToL  43. 1867,  p.  29-81. 

«n.  S.  GeoL  Snrv.,  Baa  43, 1887,  p^  181. 
•Ibid.,  pp.  20, 2L 
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The  rock  here  is  a  hard,  white  limestone,  composed  in  great  measare  of  maesee  of 
corals  partly  silicitied.  Near  the  base  of  this  rock  there  occar  great  namben  of  the 
spines  and  plates  of  ecliinoderms. 

The  White  limestone  is  widely  represented  in  Ohoctaw,  Washington, 
Clarke,  Monroe,  Gonecah,  Covington,  and  Geneva  Counties.  The  White 
limestone  of  the  Ohattahootchee  section,  according  to  Langdon,  is 
represented  by  both  the  Jackson  and  Yicksburg,  thongh  *<  it  loses  its 
distinctiveness  as  Jackson  and  Yicksbnrg,  and  may  well  be  included 
under  one  head."^    It  is  estimated  to  attain  a  thickness  of  275  feet 

MISSISSIPPI. 

The  Eocene  of  Mississippi  covers  a  wide  area  in  the  central  and 
northern  portions  of  the  State.  The  publications  of  Prof.  B.  W.  Hil- 
gard,  whose  exhaustive  investigations  have  extended  over  fully  40 
years,  afford  the  chief  source  of  information  upon  the  geology  of  this 
area. 

The  boundary  of  the  Eocene  upon  the  north  and  east  passes  in  a 
curve  iy)rthwest  to  north,  through  Kemper,  Noxubee,  Oktibbeha,  Clay, 
Chickasaw,  Pontotoc,  Union,  and  Tippah  Counties,  near  Macon,  Sta;^- 
ville,  Houston,  and  Bipley.  Upon  the  south  the  boundary  passes  in  a 
somewhat  sinuous  line  through  Wayne,  Jones,  Jasiier,  Smith,  Kankin, 
Hinds,  and  Warren  Counties,  and  somewhat  to  the  south  of  Wayne- 
boro,  Jackson,  and  Yicksburg. 

The  Eocene  overlies  the  Cretaceous  upon  the  north  and  east,  which 
it  succeeds  in  its  various  horizons  regularly  from  northeast  to  south- 
west. The  relations  of  the  deposits  are  described  by  Hilgard,  in  his 
Eeport  on  the  Geology  and  Agriculture  of  the  State  of  Mississippi. 
He  says : 

The  position  of  the  Tertiary  strata  appears  to  be  more  or  less  in  conformity  with 
that  of  the  Cretaceous  beds.  It  certainly  is  so  in  the  southern  portion  of  the  State, 
where  their  dip  is  distinctly  southward.  Whether  or  not  the  same  is  true  in  refer- 
ence to  the  strata  occupying  the  northern  portion  of  the  State  I  have  thus  far  been 
unable  to  determine^  in  consequence  both  of  the  rare  accessibility  of  the  strata  and 
their  character.  If,  however,  any  westerly  dip  exists  in  the  Tertiary  strata  of 
northern  Mississippi  (as  is  the  case  in  the  Cretaceous  strata)  it  is  certainly  much  less 
than  that  of  the  latter. 

In  a  later  publication '  the  same  writer  estimates  the  dip  in  the  north  as 
4  to  5  feet  in  the  mile  toward  the  west }  in  the  south  10  to  12  feet  in  the 
mile  toward  the  south. 

In  the  official  report  first  referred  to,  the  lithological  character  of  the 
Eocene  is  thus  described : 

It  exhibits,  essentially,  three  different  facies,  viz,  that  of  lignitiferous  clays  and 
sands,  varying  in  color  from  black  to  brown,  blue,  green,  yellow,  gray,  aud  almost 
white,  with  remains  of  vegetables ;  that  of  siliceous  sandstones  and  olaystones  with 
marine  fossils ;  and  that  of  limestone  and  calcareous  marls,  with  marine  fossils. 

Although  these  three  divisions  correspond  in  the  main  with  the  lead- 
ing stratigraphical  divisions  of  the  Eocene,  yet  many  modifications 

>  G«ol.  Soo.  Amerioa,  Ball.,  voL  2, 1891,  p.  600. 
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occar  in  the  series.  The  lignitic  phase  has  often  bands  of  sand- 
stone interoalated  whMh  contain  marine  fossils,  while  <*  the  several 
marine  stages  are  separated  by  intervening  strata  of  dark  colored,  often 
lignitic  days."  This  pecaliarity  is  not  confined  alone  to  the  sands  and 
sandstones,  bnt  is  likewise  found  in  the  calcareoas  beds.  The  follow- 
ing generalized  section,  changed  bnt  slightly  from  that  given  by  Hil- 
gard  in  the  report  above  mentioned,  is  presented  in  descending  scale : 

ViCKSBURO.  Crystalliiie  limestoDes  and  marls  with,  O^treo,  vioktburgenais,  Oairea 
gigantea,  Pectin  PouUonif  Area  misaisaippiensis,  Navioula  mi$aiaaippi€nai§f  Navioula 
lima,  Craaaatella  mUaiaaippienaia,  Cardium  direraum,  PanopiBa  ohUmgaia,  Dentalium 
mitaiaaippieHaia,  Fulgaria  miaaiaaippieHaia,  Cyprcaa  linUa^  Madrapora  miaaiaaippiafnaia, 

Orhit^idaa  ManUlU SOfeet 

FerrogiDOUs  rook  of  Red  Blaff,  with  Plagioatoma  dumoaaj  etc..... 12  feet. 

Lignitic  clay  and  lignite,  at  Vioksbarg  and  north  of  Brandon 20  feet. 

Jacksoit.  White  (often  indorate)  and  bine  marls  with  Zeuglodon  maeroapon- 
dyluat  etc. 
Lignitio  clay  and  lignite,  at  Jackson,  GarlandsFiUe,  Coounpy  Creek....  ••  80  feet. 

Claibornb  (Calcareons  ClSiborne).    White  (sometimes  indurate)  and  bine  marls 
with  Oatrea  calUBfarmia,  etc. 
Lignitic  clays  and  sands  of  northern  Clarke  County. 

BuHRSTONE  (Siliceous  Claiborne).  Sandstoues and  claystones  with  Cardiia planiooata, 
etc.    Found  in  Neshoba,  Newton,  Lauderdale,  and  Clarke  Counties. 

Lignitic.  Lignitiferous  strata  with  interstratified  beds  of  brown,  yellow,  and  gray 
sands  and  clays  containing  marine  fossils  and  plant  remains.  Querima  sp.,  etc. 
Cardita  planicosta,  etc. 

Lignitic.  —The  term  lignitic,  first  employed  by  Hilgard  to  designate  the 
deposits  now  nuder  consideration,  had,  nnder  the  name  '^  the  Northern 
Lignitic,"  much  the  same  stratigraphical  significance  that  it  has  received 
in  the  present  report. 

Heilpriu  has  suggested  the  use  of  Eolignitic,  bat  the  earlier  term  is 
here  retained.  Although  there  seems  to  be  bnt  little  donbt  as  to  the 
stratigraphical  position  of  the  greater  part  of  the  deposits  here  referred 
to  the  Lignitic,  the  evidence  is  somewhat  conflicting  as  to  other  por- 
tions. Much  more  ezhanstive  examinations  mast  be  made  before  all 
the  lignitic  strata  can  be  assigned  to  their  proper  horizons.  The  de- 
posits of  nndoabted  Lignitic  age  have  been  observed  to  dip  below  the 
Bahrstone,  and  farther  afford  specimens  of  Cardita  planicostaj  Aturia 
ziczacj  and  other  early  Eocene  forms.  The  Lignitic  occupies  a  much  wider 
area  than  any  other  member  of  the  Eocene  series.  It  covers  the  whole 
or  portions  of  Laaderdale,  Kemper,  Neshoba,  Leake,  Madison,  Yazoo, 
Holmes,  Attala,  Winston,  Noxabee,  Oktibbeha,  Olay,  Webster,  Choc- 
taw, Montgomery,  Oarroll,  Grenada,  Tallahatchee,  Yallabnsha,  Gal- 
honn,  Chickasaw,  Pontotoc,  Union,  Lafayette,  Panola,  Tate,  De  Soto, 
Marshall,  Benton,  and  Tippah  Coanties. 

The  northeastern  portion  of  the  area  bordering  the  Cretaceous  has 
been  designated  by  Hilgard  the  '^  Flatwoods."  The  deposits  are  gray 
or  whitish,  often  laminated  clays.  The  Lignitic  strata  to  the  west  of 
this  area  are  thas  described  by  Hilgard : 
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Westward  of  the  Flat  woods  proi>er,.howeyer,  the  clays  are  eommonly  laminated, 
less  aaiform  in  their  oharaoter,  and  interstratified  more  or  less  with  the  sand.  Sach 
usually  are  the  days  associated  with  the  lignite  beds  and  containing  impressions  of 
leaTes ;  nevertheless,  the  genuine  "  Flat  woods  day  "  character  frequently  reappears 
oyer  the  whole  region.  *  *  *  Through  these  clay  stones  any  sign  of  lithological 
transitions,  from  the  pure  almost  white  clay  to  the  fossiliferous  sandstone  of  Tippsb 
County,  may  be  traced,  and  careful  examination  will  sometimes  detect  in  them  nne- 
qniyocal  remnants  of  marine  fossils.  *  *  *  In  short,  the  greatest  diversity  of  ma- 
terial generally  obtains  in  connection  with  the  lignite  beds. 

Buhrstone, — The  Bahrstone  called  Siliceoas  Claiborne  by  Hilgard  is 
characterized  by  alaminoas  sandstoDes  and  claystones.  It  is  foand 
chiefly  in  the  eastern  portion  of  the  State  and  extends  from  the  Ala- 
bama State  line  across  Olarke,  Laaderdale,  Newton,  and  Neshoba 
Goantles  into  Soott  and  Leake  Oonnties,  occarring  also  as  an  ontlier  in 
Attala,  Holmes,  Choctaw,  Montgomery,  and  Carroll  Counties.  Its 
stratigrapbical  position  below  the  Claiborne  and  above  the  Lignitic  has 
been  fnlly  established,  and  among  its  more  important  fossils  are  Ostren 
divaricatay  Oardita  planicosta^  Oardita  rotundaj  Oardium  Nicolleti  and 
Valuta  petrosa.  Hilgard  corroborates  the  statements  of  Tuomey  and 
Conrad  of  the  division  of  the  Bahrstone  into  two  horizons,  but  the 
investigations  have  hardly  been  exhaastive  enongh  as  yet  to  admit  of 
their  final  acceptance. 

Claiborne. — ^The  Claiborne,  or  as  it  is  designated  by  Hilgard,  the  Cal- 
careous Claiborne,  is  poorly  represented  in  Mississippi.  So  far  as  its 
presence  has  been  reported  it  is  found  mainly  in  Clarke  County,  although 
Hilgard,  in  an  article  in  the  American  Journal  of  Science  in  1867,  states 
that  he  has  ^'  received  evidence  that  it  extends  somewhat  farther  west- 
ward, between  the  territory  of  the  Jackson  and  Siliceous  Claiborne 
groups,  than  it  appears  on  the  map"  in  his  State  report.  As  a  group 
the  strata  are  not  very  sharply  defined  ^Mnasmuch  as  the  transition 
from  siliceous  to  calcareous  materials  is  a  gradual  one"  and  on  thia  ac- 
count the  Claiborne  deposits  occupy  a  somewhat  intermediate  position 
lithologically  between  the  Buhrstone  and  the  Jackson. 

The  beds  are  chiefly  blue  and  white  marls,  the  latter  generally  arena- 
ceous and  often  indurated.  The  fossils  of  this  horizon  are  so  poorly 
preserved  that  but  few  have  been  recognized.  Among  those  reported 
by  Hilgard  are  Ostrea  divaricatay  Ostrea  selkeformisj  Peoten  Lyelli,  Cor- 
bula  gibbosa^  and  Valuta  petrosa. 

Jackson. — ^This  division  of  the  Eocene  was  first  recognized  in  Missis- 
sippi by  Conrad,^  who  described  an  extensive  collection  of  fossils  from 
the  neighborhood  of  Jackson  and  first  employed  that  name  to  desig- 
nate the  horizon  since  so  called.  He  assigned  to  the  strata  their 
proper  stratigrapbical  position  above  the  Claiborne  and  below  the 
Yicksburg,  although  from  the  nature  of  the  material  he  had  for  exami- 
nation he  foiled  to  recognize  the  true  faunal  relationship  of  the  several 
horizons.    His  investigations  led  him  to  the  conclusion  that  there  were 


>  Philadelphia  AomL  Nat  Sd^  Pxoo.,  ToL  7, 1856b  pp.  2S7-a6li 
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no  forms  in  common  with  the  Vicksborg  series  and  but  fonr  or  five 
with  the  Glaiborne.  Sabseqaent  observations,  however,  have  shown  in 
Mississippi,  as  well  as  in  Alabama,  that  there  are  many  forms  common 
to  the  three  horizons.  Bnch  common  species  as  Cardita  planicosta  and 
Cardita  rotunda  of  the  Olaibome,  with  many  less  nsnal  types^  are  found, 
while  the  list  of  species  reported  as  likewise  occurring  in  the  Vicks- 
bnrg  is  very  large.  The  most  distinctive  fossil  of  the  Jackson  beds  is 
the  Zenglodon,  which,  as  already  stated  under  Alabama,  had  been  re- 
ported by  Gonrad  and  others  to  occur  at  the  same  horizon  with  Orbi- 
toides,  though  this  was  denied  by  Hilgard.  If  such  intermingling  has 
been  locally  found  it  is  explained  probably  on  the  ground  of  subse- 
quent rearrangement  of  the  deposits. 

The  Jackson  beds  are  composed  ^<  at  times  of  a  soft  yellowish  lime« 
stone  or  indurate  marl  containing  a  good  deal  of  clay ;  at  others  of,  in 
reality,  nothing  more  than  soft  gray  or  yellowish  calcareous  clay." 
Hilgard  recognizes  two  horizons,  an  upper  of  about  70  feet  of  marl  or 
clay  in  which  the  bones  of  the  Zenglodon  are  prominent,  and  a  lotoer 
of  10-20  feet  of  bluish  sandy  strata,  containing  green-sand  grains.  It  is 
the  lower  horizon  that  is  developed  at  Jackson  and  contains  the  impor- 
tant series  of  fossils  described  by  Oonrad.  In  this  lower  division  beds 
of  lignite  are  conspicuously  developed  at  several  points. 

The  Jackson  deposits  extend  as  a  band  of  varying  width  from  Wayne 
across  Olarke,  Jasper,  Smith,  Scott,  Bankin,  and  Madison  Oounties, 
into  Tazoo,  where  they  disappear  below  the  alluvium  of  the  Mississippi. 

Vicksburg. — The  Yicksburg  strata  extend  as  a  narrow  band  across 
the  State  south  of  the  region  occupied  by  the  Jackson  group,  and 
pass  through  Wayne,  Jasper,  Smith,  Bankin,  Hinds,  and  Warren 
Counties,  reaching  the  Mississippi  Biver  at  Yicksburg  Bluff. 

As  stated  in  a  previous  paragraph,  the  Yicksburg  group  is  both  lith- 
ologically  and  paleontologically  closely  associated  with  the  Jackson. 
This  is  shown  most  clearly  when  the  section  exposed  at  Bed  Bluff  in 
Wayne  County  is  considered.  The  intermediate  deposits  there  exhib- 
ited, which  Hilgard  thought  sufficiently  important  to  establish  as  a  sub- 
group of  the  Yicksburg  series,  contain  a  most  interesting  association  of 
typical  Jackson  and  Yicksburg  forms  (the  latter  predominating),  to- 
gether with  a  large  number  of  species  peculiar  to  the  horizon.  Conrad, 
who  had  examined  beds  on  the  Savannah  Biver  at  Shell  Bluff,  held 
that  this  division  (Bed  Bluff  group  of  Hilgard),  in  which  the  same  spe- 
cies of  oyster  {Ostreageorgiana)  was  reported  to  occur,  was  of  the  same 
age  and,  moreover,  that  its  position  was  between  the  Claiborne  and 
*  Jackson.  He  called  the  formation  the  Shell  Bluff  group.^  In  the 
American  Journal  of  Science  for  1866,  Hilgard'  opposed  the  opinions 
of  Conrad  and  showed  the  proper  position  of  the  deposits  in  Mississippi 
to  be  at  the  base  of  the  Yicksburg.    The  strata  of  this  horizon  are 

>  Am.  Jour.  SoL,  2d  aer„  ToL  41, 1868,  p.  Mb 
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never  of  great  thickness,  and  at  Bed  Bluff  Station,  Wayne  County, 
where  typically  developed,  are  only  about  4  feet  thick.  At  this  point, 
the  beds  consist  of  *'  irregular  masses  of  fine  grained,  ferruginous  rock, 
imbedded  in  a  brownish  or  greenish  clayey  mass." 

The  deposits  of  the  Yicksbnrg  group  proper  consist  chiefly  of  lime- 
stones, marls,  and  clays,  which  are  frequently  arenaceous  and  at  times 
glauconitic  The  change  is  often  very  marked,  for,  as  Uiigard  states, 
^  not  only  do  the  materials  of  the  different  groups  often  bear  a  most 
extraordinary  resemblance  to  each  other,  but  their  character  varies  in- 
cessantly in  one  and  the  same  stratum  within  short  distances." 

The  typical  fossil  is  the  Orbitoides.  Oonrad,  although  at  first  t^cog- 
nizing  in  its  tbssils  the  close  relationship  of  the  Urbitoidea  limestone 
with  the  beds  exposed  at  Vicksburg  bluff,  was  later  ^  of  the  opinion 
that  the  faunas  should  be  separated  and  the  former  associated  with 
the  Jackson  group.  Subsequent  investigation  has  shown  the  error  of 
this  position,  for  the  Orbitoides  has  been  found  in  sufficient  numbers 
mingled  with  the  other  characteristic  Yicksbnrg  forms,  to  prove  the 
identity  of  the  deposits. 

The  following  section  of  the  Yicksbnrg  Bluff  is  given  in  its  main 
details  as  found  in  the  State  report  of  Hilgard: 

7.  Blnflf  formation 10-^ft 

6.  OraDge  Sand 5-SOft. 

5.  Alternating  strata,  1  to  6  feet  thick  of  limestone 

and  marl,  containing  the  Vicksbarg  fossilsi  and  some 

bands  of  non -effervescent,  gray  sand  and  clay....  60-65  Ik 

4.  Black  lignitic  clay,  and  gray  saud,  with  Otterea  gi- 

Vicksbnrg  group.. ^       gantea,   Corbula  allay  Natica  mississippientia,  Cyth- 

erea  iohrina,  Madrepora mistiaaippienHa 5fi. 

3.  Gray  or  black  lignitic  davs  and  sand,  with  iron 

pyrites ;  exuding  salts  and  salphnreted  hydrogen       25  ft. 
^2.  Solid  lustrous  lignite,  with  whitish  cleavage  planes         3  ft. 

1.  White  limestone  of  the  Jackson  group  t .......... .         3  ft. 

TENNKSSES. 

The  Eocene  of  Mississippi,  which  reaches  the  northern  boundary  of 
that  State,  continues  in  a  southwest-northeast  direction  across  the 
western  part  of  Tennessee.  It  has  been  reported  to  cover  much  of  the 
area  lying  between  the  Tennessee  Biver  on  the  east  and  the  Mississippi 
Biver  on  the  west,  and  has  been  found  to  outcrop  at  several  localities 
on  the  bluffs  of  the  latter  stream.  It  has  been  estimated  to  attain  a 
width  of  quite  50  miles,  but  with  the  fragmentary  data  at  hand  the 
exact  delimitation  of  the  formation  is  in  much  doubts 

The  several  official  reports  of  Troost  upon  the  Geology  of  Tennessee 
barely  touch  upon  the  Eocene.    Considerable  attention,  however,  is* 
given  to  this  portion  of  the  State  by  Safford,  though  the  recent  investi- 
gations of  McGee  tend  to  show  that  much  that  has  been  hitherto  held 
to  belong  to  the  Eocene  series  must  be  referred  to  later  horizons. 

Safibrd,^  whose  authority  has  been  followed  up  to  this  time,  divides 

1  Am.  Joar.  ScL,  2d  ser.,  vol.  41,  1886,  p.  00. 
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the  series  into  two  groaps  whioh  he  terms  I.  The  Porter's  Greek  groap, 
II.  The  La  Grange  groap.  The  Upper  or  La  Grange  groap  McGee 
has  recently  oorrelated  with  the  Appomattox  formation  of  the  Atlantic 
slope,  so  that  a  large  part  of  the  deposits  hitherto  referred  to  the 
Eocene  has  been  given  by  him  a  mnch  more  recent  origin.  The  Blnff 
Lignite  gronp,  whioh  Safford  donbtfally  referred  to  the  Tertiary  and 
placed  above  the  La  Grange  gn^np,  is  held  by  Loaghridge^  to  be  a 
phase  of  the  Porter's  Greek  group.  MoGee,  on  the  other  hand,  con- 
siders it  Pleistocene.  It  will  thus  be  seen  that  the  various  authorities 
upon  the  geology  of  western  Tennessee  vary  widely  in  their  opinions. 
The  problems  here  presented  for  solution  have  to  be  determined 
almost  wholly  on  stratigpraphical  data  due  to  the  absence  of  distinctive 
fossils.  In  shorty  with  the  exception  of  a  somewhat  limited  flora,  which 
has  not  as  yet  received  much  study,  and  a  few  x>oorly  preserved  mol- 
luscau  remains,  there  is  nothing  of  a  paleontological  character  to  aid 
in  the  determination  of  the  geological  horizons  represented.  The  Lig- 
nitic  (Porter's  Greek  group)  is  probably,  however,  the  single  member 
of  the  Eocene  series  found  in  Tennessee.  In  its  lithological  characters 
it  has  much  in  common  with  the  same  formation  found  in  Mississippi. 
The  Flatwoods  phase,  with  its  laminated  and  aluminous  structure,  is 
widely  represented.  Arenaceous  and  lignitic  strata  likewise  occur. 
We  have  much  yet  to  learn  of  the  Eocene  of  Tennessee,  however,  be- 
fore its  distinctive  features  can  be  at  all  accurately  defined. 

KKNTUCirr. 

The  Eocene  of  Kentucky  is  the  northward  extension  of  the  Tennes- 
see formation  and  presents  much  the  same  characters  as  its  more  south- 
em  representative.  It  occupies  that  portion  of  the  State  lying  between 
the  Tennessee  and  Mississippi  Bivers  and  the  same  divisions  in  the 
series  have  been  found  to  occur  as  in  Tennessee.  It  has  been  hitherto 
stated,  however,  that  McGee  correlates  the  La  Grange  group  with  the 
Appomattox  and  refers  the  Bluff  Lignite  to  the  Pleistocene,  although 
the  latter  is  by  Loughridge  considered  to  be  a  phase  of  the  Porter's 
Greek  group. 

The  Eocene  series  as  subdivided  by  Loughridge'  in  his  Report  updn 
the  Jackson  Purchase  Begion  is  as  follows  in  descending  order : 

3.  La  Orange  gronp  (of  Safford's  Tennessee). 

2.  Lignitic  (Safford's  Porter's  Creek  and  Bioff  Lignite). 

1.  Hickman  (provisional). 

The  Hickman  group^  the  lowest  member  of  the  Eocene,  which  Lough- 
ridge has  provisionally  established,  is  found  chiefly  in  the  vicinity  of 
Hickman,  where  exposures  occur  <<  in  the  bluff  bordering  the  Missis- 
sippi bottom  from  Hickman  south  into  Tennessee."    In  evidence  that 

'  G«oL  Surv.  Kentaoky,  Bept  Jftokian  Porohaae  Segion,  1888,  p.  41. 
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the  deposits  at  Hickman  are  older  than  the  Lignitio  the  author  says: 
<*  These  exposares  are  embraced  in  a  belt  of  country  5  miles  west  of  a 
line  running  sonth  from  the  lignitio  outcrops  at  Oolumbns,  and  both  of 
the  formations  have  an  apparent  slight  easterly  and  northwesterly  dip, 
which  wonld  carry  the  Hickman  beds  much  below  those  of  Oolumbaa." 
The  deposits  consist  of  clay,  sand,  and  gravel,  but  have  not  been  ex- 
posed to  their  base. 

The  Lignitio  groupj  which,  according  to  Loughridge,  is  the  equivalent 
of  Safford's  Porter's  Greek  groap — 

enteiB  from  Tennessee  with  a  width  of  about  10  miles,  passes  northward  through  the 
middle  of  Calloway  County,  soon  bends  to  the  northwest  through  the  southwest  cor- 
ner of  Marshall,  and  passes  diagonally  through  the  center  of  McCracken  and  tfas 
northern  part  of  Ballard  County  into  Illinois ;  southward  along  the  Mississippi  Rivei 
bluffs,  its  first  outcrops  occur  2  miles  north  of  Wickliffci  Ballard  County,  and  in  th« 
bluffo  between  Wiokliffe  and  Fort  Jefferson  reaching  eastward  7  miles  to  Bland ville  and 
southward  to  Laketon ;  at  Columbus  and  a  mile  above,  and  also  at  Chalk  Bluff,  S 
miles  south,  the  greatest  exposures  of  the  lignitic  beds  occur. 

Longhridge  characterizes  the  group  lithologically  as  follows : 

I%r§t, — A  lower  heavy  bed  of  massive  joint  clay,  black  when  wet,  but  drying  to  a 
lead-gray  color,  and  on  exposure  to  air  crumbling  to  a  fine  shaly  mass.  This  is  the 
Porter's  Creek  group  of  the  Tennessee  series.  It  is  popularly  caUed  soapstone.  Along 
the  Mississippi  River  bluffs  the  clays,  while  dark  and  somewhat  joiuty,  are  moif 
sandy  thau  those  on  the  eastern  side  of  the  region. 

Second, — An  upper  bed  of  dark  sandy  clay,  holding  two  layers  of  lignite,  each  va- 
rying from  2  to  4  feet  in  thickness,  the  topmost  being  about  5  feet  from  the  surface 
of  the  formations.  This  upper  or  lignitic  portion  of  the  group,  while  perhaps  at  one 
time  continuous  from  the  Mississippi  River  eastward  nearly  to  the  Cretaceous,  bae 
now  almost  disappeared  on  the  east,  outcropping  only  on  Panther  Creek,  6  miles  east 
of  Mayfield,  in  Graves  County  On  the  west,  however,  in  the  neighborhood  of  Wick- 
liffe,  the  lignite  beds  reach  for  3  miles  to  north  and  south,  and  for  7  miles  eastward 
to  Blandville. 

Loughridge  gives  the  following  section  which  shows  the  charactei 
of  the  several  members  comprising  the  group : 

SeoUan  of  the  LigniUe  group, 

Fset 
Dark  sandy  clays 3 

Lignite  bed 4 

Dark  sandy  clays 5 

Lignite  bed 3 

Dark  sandy  clays 3 

Clay  stone  with  fossil-leaf  impressions 2 

Dark  sandy  clay,  the  upper  holding  leaf  impressions 2 

Micaceous  sandstone  with  fossil  casts • 3 

Black  joint  clay,  changing  to  dark  sandy  clay 100 

The  paleontological  evidence,  with  the  exception  of  a  few  poorly  pre- 
served mollascan  remains  from  the  micaceous  sandstone  near  Padncah| 
depends  entirely  upon  fossil  leaves,  of  which  a  considerable  number 
have  been  described  by  Lesqaereux  from  the  beds  near  Oolumbns ' 
and  Wickliffe.'  The  molluscan  forms,  five  in  nnmber,  Mysia  ungulina  (t), 

>  Am.  Jonr.  Sol.,  Sd  ser.,  toI.  27, 1859. 
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Leda  protexta  (T),  Leda  sp.^  Nucula  ovula  (f ),  and  Turritelhi  Mortoni  are 
described  by  Heilprin '  in  the  Proceedings  of  the  Academy  of  Natural 
Science,  of  Philadelphia,  as  occurring  ^^  mainly  in  the  form  of  casts  in 
a  highly  ferruginoas  and  fairly  micaceons  yellow-white  sandstone." 

The  non-occurrence  of  Lignitic  strata  in  the  area  between  the  eastern 
and  western  outcrops  above  described  is  accounted  for  by  the  removal 
of  the  deposits  and  '^  the  filling  up  of  the  gap  by  the  La  Grange  beds." ' 
This  is  considered  probable  from  the  fact  that  the  La  Grange  is  found 
at  depths  below  the  level  of  the  Lignitic  deposits. 

The  wide  surface  covering  of  more  recent  deposits  limits  the  exami- 
nation of  the  Eocene  to  the  exposures  afforded  by  streams  and  well 
borings. 

ILLIKOIS. 

In  Geology,  vol.  1  of  the  Beports  of  the  (Geological  Survey  of  Illinois, 
certain  deposits  in  the  southern  portions  of  the  State,  in  Massac, 
Pulaski,  and  Alexander  Oounties,  are  referred  to  the  Tertiary.  They 
consist  of  gravels,  sands,  and  clays  that  are  at  times  cemented  into 
a  ferruginous  conglomerate.  In  Pulaski  Oounty,  a  bed  of  greensand 
marl  occurs,  with  casts  of  marine  shells  that  are  referred  by  Wor- 
then  to  the  genera  GucullsBa  and  Turritella.  The  bluff  at  Galedonia, 
on  the  Ohio  Biver,  affords  a  fine  section  of  Tertiary  strata  100  feet 
in  thickness.  Worthen  states  that  a  thin  bed  of  lignite  is  found  at  the 
water's  edge.  Loughridge,  who  visited  the  locality  at  high  water, 
states  that  the  basal  member  is  ''  greensand  (glauconite)  with  hyoline 
sand ;  also,  some  black  sand  and  clay,  2  to  4  feet."  Overlying  this  he 
mentions  the  occurrence  of  ^^  75  feet  of  the  dark  joint  day  weathering  to 
a  gray  shale  and  similar  in  every  regard  to  the  clay  beds  of  the  lig- 
nitic." The  presence  of  20  feet  of  <^  dark,  sandy  clay,  indurated  "  above 
the  joint  clay  is  further  stated.  This  is  supposed  by  Loughridge  to 
represent  the  micaceous  sandstone  of  the  Paducah  series. 

Worthen  is  of  the  opinion  that  the  Tertiary  strata  may  have  extended 
along  the  basin  of  the  Mississippi  as  far  north,  at  least,  as  Hancock 
Gounty,  since  the  occurrence  there  of  shark's  teeth  in  the  alluvial  de- 
posits can  be  explained  only  on  the  ground  of  subsequent  rearrange- 
ment of  earlier  marine  deposits.  It  seems  probable  that  the  various 
deposits  here  referred  to  are  the  northward  extension  of  the  Lignitic 
represented  in  Tennessee  and  Kentucky  and  described  in  the  previous 
pages. 

mSSOUBL 

Little  more  than  the  bare  statement  of  the  occurrence  of  Eocene  in  the 
southeastern  portion  of  the  State  is  found  in  the  literature.  That  the 
strata  partake  of  the  character  of  the  deposits  in  Kentucky  and 

>  PhllAdelphiJi  Aoiid.  Kat.  Sol.  Ploe.,  roL  38, 188B,  pp.  67.  68. 
*QeoL SuT.  JUtktacky, B^t  Jaokaoii  PorohMe  BaglM,  1888^ p. 6L 
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Illinois,  which  ooUeetively  oatline  in  a  general  way  the  head  of  the 
Mississippi  embayment  in  early  Tertiary  times,  is  recognized.  The  oat- 
crops  are  found  chiefly  in  Mississippi  and  New  Madrid  Counties.  So  far 
as  known,  the  strata  are  entirely  confined  to  the  Lignitic  Ko  fossils 
have  been  reported  from  the  bods,  and  even  the  stratigraphical  relations 
of  the  deposits  themselves  are  very  imperfectly  understood. 

ARKAHSAS. 

Our  knowledge  of  tbe  Eocene  of  Arkansas  is  confined  chiefly  to  a 
small  area  in  the  southwestern  portion  of  the  State  that  has  lately  been 
investigated  by  Prof.  Robert  T.  Hill.* 

The  earlier  reports  of  David  Dale  Owen,  State  Geologist  of  Arkan- 
sas, contain  many  casual  references  to  Tertiary  deposits,  in  the  eastern 
and  southern  counties,  a  portion  of  which  can  be  shown  to  be  Bocene, 
while  the  remainder  are  to  be  referred  in  part  to  older,  in  part  to  younger 
formations.  The  Tertiary  area  examined  by  Hill  includes  portions  of 
Hot  Springs,  Dallas,  Olark,  Howard,  Hempstead,  Nevada,  Ouachita, 
Columbia,  La  Fayette,  and  Miller  Counties,  and  the  sections  are  found 
for  the  most  part  along  the  Ouachita  and  Bed  Bivers  and  their  tribu- 
taries. The  inland  border  of  the  formation  is  found  to  extend  in  an 
irregular  line  from  southwest  to  northeast,  a  short  distance  to  the  west 
of  the  Iron  Mountain  Railway  and  passes  near  Texarkana,  Washington, 
Arkadelphia,  and  Malvern.  From  the  scattered  data  accessible  for  the 
remainder  of  the  State  it  seems  probable  that  this  line  extends  in  ap- 
proximately the  same  direction  toward  the  northeast,  past  Little  Rock 
to  the  Missouri  border. 

The  lignitic  formation  of  this  area  has  been  designated  by  Hill  the 
'^  Camden  series."  He  describes  it  as  ^<  an  extensive,  shallow- water, 
marine  formation  of  stratified,  micaceous,  non-indurated,  alternating 
laminae  of  sands  and  clay  shales,  sandy  shales  occasionally  accompanied 
by  bituminous  shales,  lignitic  shales,  thin  sandstones  (quartzites),  etc.'" 
The  series  takes  its  name  from  the  town  of  Camden  on  the  Ouachita 
River,  near  which  the  most  typical  exposure  is  found.  The  following 
section  is  from  Hill's  report : 

8.  Surface  soil  (residanm  of  sabstmcta^)  ferruginoas  sandy 5  It 

7.  Laminated  sand,  with  green-sand  specks,  originally  white,  but  ferraginating 
and  cementing  into  red  iron  sandstone,  with  a  tendency  to  shaly  disinte- 
gration on  exposure 32  fl. 

6.  Little  Missouri  lignites,  or  ligneous  shales,  with  white  sand  between  layers  of 

the  same  character  as  those  seen  at  the  month  of  the  Little  Missouri 20  ft. 

5.  BnfT-colored,  micaceous  sand  and  clay  shales,  changing  on  exposure  to  pink 

and  light  yellow .' 10  ft 

4.  Bituminous  shales,  with  bituminous  masses  and  asphalt-like  concretions. 
This  stratum  is  full  of  concretions  of  iron  pyrites,  which  oxidize  on  ex- 
posure, coloring  the  neighboring  strata  red 15  ft. 

>GeoL  Sarv.  Arkansas,  Ajin.  Bept  for  1888^  voL  2,  pp.  48-65w 
•Ibid.,p.49. 
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3.  Ligbt  drab,  fine,  micaceous  sands  or  sandy  clays,  finely  laminated.  ..••....  25  ft. 

2.  Concealed *  25  ft. 

1.  Repetition  of  No.  3  to  the  water  line 10  ft. 

In  the  vioinity  of  Arkadelphia  are  deposits  '^  oonsisting  of  alternate 
bands  of  bine  clay  and  white  or  orange-colored  sands  "  that  occapy  a 
position  below  the  Camden  series  as  exhibited  at  Camden.  They  rest 
nnconformably  apon  the  Cretaceoas,  and  have  received  the  name  of 
^^Arkadelphia  shales'"  from  HilL 

Hill  states  that  there  are  many  other  outcrops  within  the  area  that 
afford  deposits  similar  to  the  Camden  section,  bat  that,  jadgiDg  from 
the  dip,  it  is  not  probable  that  the  strata  are  identical.  On  the  con- 
trary, they  represent  alternating  conditions  in  the  deposition  of  an  ex- 
tensive series  of  beds.  The  thickness  of  the  Camden  series  can  not  be 
accarately  given,  but  it  is  estimated  to  be  quite  700  feet  between  Curtis 
aud  Camden.  At  the  latter  point,  300  feet  more  are  exposed  from  low 
water  to  the  top  of  the  highest  hills. 

Owen  mentions  the  occurrence  in  the  central  and  northeastern  por- 
tions of  the  State  in  Jefferson,  St.  Francis,  Green,  and  other  counties 
of  lignitic  strata  that  are  doubtless  the  northern  continuation  of  the 
belt  represented  by  the  Camden  series  of  the  southwest. 

The  ^^  Cleveland  county  red  lands"  described  by  Hill,  though  litho- 
logically  similar  to  the  typical  Camden  series,  are '^accompauied  by 
extensive  deposits  of  marine  shells  and  greensand  which  bring  into 
these  strata  an  ingredient  of  lime,  an  ingredient  which  id  conspicuously 
lacking  in  the  underlying  beds."  Cardita  planicostaj  Bostellaria  velataj 
and  other  forms  found  also  at  Claiborne  show  the  probable  position 
that  these  beds  hold  in  the  Eocene  series.  At  White  Bluffs,  on  the 
Arkansas  Biver,  in  Jefferson  County,  Owen  mentions  a  section  of 
Eocene  shell  marl  50  to  60  feet  in  thickness  containing  many  Claiborne 
types. 

From  the  evidence  thus  afforded  the  presence  of  the  Lignitic  and 
Claiborne  are  established,  while  it  is  probable  that  the  Buhrstone  also 
occurs.    The  White  limestone  is  undoubtedly  lacking. 

LOUISIANA. 

The  reports  of  Hopkins  and  Hilgard,  that  of  the  former  to  the  gen- 
eral assembly  as  State  geologist,  that  of  the  latter  to  the  New  Orleans 
Academy  of  Sciences,  afford  the  chief  sources  of  information  upon  the 
Eocene  geology  of  Looisiana.  As  the  investigations  were  hurriedly 
conducted,  admitting  in  neither  case  of  an  extended  examination  of  the 
deposits,  there  is  much  yet  to  be  desired  before  approximate  limits  may 
be  given  to  the  several  formations,  or  even  the  horizons  themselves  de- 
finitely determined. 

The  Eocene  strata  are  found  to  the  north  of  a  line  extending  from 
the  Sabine  Biver  near  the  mouth  of  Bayou  Toneau,  through  Sabjne 
and  Natchitoches  Counties,  crossing  the  Bed  Biver  near  Oloutierville, 
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thence  through  Grant  and  Gatahoala  Ooanties  to  near  Stafford  Point  on 
the  west  bank  of  the  Oaachita  Biver.  To  the  east  of  the  Oaachita  Eiver 
the  Eocene  is  covered  by  the  alluvial  deposits  of  the  Mississippi.  Korth 
of  this  southern  boundary  line  the  strata  extends  to  the  Arkansas 
border. 

All  the  main  divisions  of  the  Eocene  are  probably  represented,  al- 
though we  have  definite  knowledge  of  but  two^  the  Vicksbnrg  and 
Jackson.  Hilgard  describes,  under  the  name  of  ^^  The  Mansfield  group,^ 
a  series  of  beds  consisting  of  lignites,  sands,  and  clays  that  he  states  in 
his  first  report  in  part  at  least  overlie  deposits  with  characteristic  Jack- 
son fossils.  In  the  final  report  these  deposits  are  shown  to  be  largely 
Jackson.  Hopkins,  about  the  same  time,  suggests  the  identity  of  a  part 
of  the  Mansfield  group  with  the  '^  Kortherp  Lignite."  Hill,  in  his  Ark- 
ansas report,  states  that  similar  deposits  in  Arkansas  which  he  assigns 
to  the  Lignitic,  and  calls  the  Oamden  series,  represent  certainly  in  part 
the  Mansfield  group  of  Hilgard.  If,  upon  further  examination,  such 
proves  to  be  the  case,  we  have  in  the  lignitic  strata  of  northwestern 
Louisiana  the  Lignitic  represented.  That  lignitic  strata  occur  at  dif- 
ferent horizons,  as  in  Mississippi,  is  beyond  doubt,  and  it  may  be  that 
the  Mansfield  group  contains  representatives  of  all  the  divisions  from 
the  Lignitic  to  the  Jackson.  Too  little  is  known  to  make  positive  state- 
ments upon  this  point. 

Jackson, — The  northern  limits  of  the  Jackson  group,  as  finally  estab- 
lished, will  depend  upon  the  amount  of  lignitic  strata  that  will  be  as- 
signed to  earlier  horizons.  In  addition  to  the  lignites,  with  their  inter- 
stratified  sands  and  sandy  clays,  are  marine  strata,  consisting  of  marls, 
clays,  and  sands  with  numerous  typical  mollascan  forms,  and  at  two 
localities  (Grandview  on  the  Ouachita  Biver,  and  Montgomery,  Grant 
Parish),  the  remains  of  ^euglodon. 

Vicksbnrg, — ^The  limits  of  the  Yicksburg  group  have  been  more  accu- 
rately determined.  The  strata  occupy  a  belt  of  country  10  to  12  miles 
in  width,  extending  from  the  Ouachita  Biver  to  the  Sabine,  and  passing 
through  Catahoula,  Winn,  Grant,  Natchitoches,  and  Sabine  Counties. 
The  deposits  consist  chiefly  of  yellow  and  red  clays,  at  times  sandy  and 
often  very  calcareous  from  the  presence  of  large  numbers  of  lime- 
stone nodules,  that  are  filled  with  casts  of  shells.  Lignitic  strata  are 
not  altogether  absent,  though  infrequent.  Many  characteristic  Yicks- 
burg fossils  have  been  reported  from  the  different  portions  of  the  area, 
including  Orbitoides  Mantelli  and  Peoten  Ponlsoni. 

TEXAS. 

The  first  information  that  is  afforded  us  concerning  the  occurrence  of 
Eocene  strata  in  the  State  of  Texas  is  presented  by  Boemer  in  his  work 
entitled  '<  Texas,"  etc.,  published  in  1849.    At  Wheelock,  Caldwell 
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OouQty,  he  found  fossils  that  he  considered  identical  with  those  at  Olai- 
borne,  Alabama.    From  this  he  drew  the  conclusion  that — 

It  is  hardly  to  be  believed  that  this  Tertiary  formation  is  limited  only  to  this  point 
on  the  Brazos,  in  Texas,  bnt  most  probably  it  is  part  of  a  continaoas  band,  as  is  the 
ease  in  Mississippi  and  Alabama,  extending  alonf^  the  foot  of  the  Cretaceons,  and 
only  the  detritus  of  the  later  aUnvial  formations  prevents  its  exposure  in  most 
places.' 

The  supposed  limits  of  the  formations  are  given  on  a  map  appended 
to  the  volume.  The  later  geological  notes  on  this  region  by  Schott, 
Hall,  Gonrad,  Shumard,  and  Buckley  are  very  meager  and  unsatisfac- 
tory, and  give  us  hardly  more  than  a  general  idea  as  to  the  position  of 
the  Tertiary.'  Loughridge,  in  a  "  Beport  on  the  Gotten  Production 
of  the  State  of  Texas"'  of  the  Tenth  Gensus,  gives  the  general  bound- 
aries of  the  Eocene,  although  its  westward  deflection  in  the  drainage 
of  the  Bio  Grande,  adopted  on  most  recent  maps,  has  been  lately  shown 
to  be  erroneous.'  Hill  states  that  the  mistake  originated  because 
Gonrad  referred  a  specimen  of  Cardita  planicosta  to  a  locality  (Arroyo 
de  las  Minas)  in  Zavalla  Gounty,  which,  however,  upon  examination, 
shows,  in  the  handwriting  of  the  collector,  that  it  came  from  Mexico. 

Heilprin  presents  an  excellent  general  statement  of  the  stratigraph- 
ical  relations  of  the  Texas  Eocene,  so  far  as  they  were  known  up  to 
1884,  in  his  ^^  Gontributions  to  the  Tertiary  Geology  and  Paleontology 
of  the  United  States."  Hill  quotes  largely  from  the  same  work,  so  far 
as  it  relates  to  the  Eocene,  in  his  general  summary  of  ^^The  Present 
Gonditions  of  Knowledge  of  the  Geology  of  Texas."^  ^ 

A  recent  publication  of  Dr.  B.  A.  F.  Penrose,  jr.,  entitled  ^<A  Prelimi- 
nary Beport  on  the  Geology  of  the  Gulf  Tertiary  of  Texas,  from  the  Bed 
Biver  to  the  Bio  Grande,''  in  the  First  Annual  Beport  of  the  Geological 
Survey  of  Texas  for  1889,  gives  us  theresults  of  the  first  systematic  study 
of  the  Tertiary  formations  of  eastern  Texas.  The  line  separating  the 
Gretaceous  and  Eocene,  he  states,  runs  in  a  general  northeast  and  south- 
west direction,  crossing  the  Bed  Biver  west  of  Texarkana,  the  Texas 
and  Pacific  Bailroad  between  Gorsicana  and  the  Trinity  Biver,  the 
Brazos  Biver  in  the  northeast  corner  of  Milam  Gounty,  the  Golorado 
Biver  10  miles  below  Austin,  and  the  Bio  Grande  Biver  in  the  north* 
west  corner  of  Webb  Gounty,  3  miles  below  the  Maverick  Gounty  line 
'  and  half  way  between  Eagle  Pass  and  Laredo. 

Goncerning  the  difficulty  of  definitely  establishing  the  boundary  be- 
tween the  Gretaceous  and  Tertiary,  Penrose  says : 

The  uppermost  part  of  the  Cretaceons  and  the  base  of  the  Tertiary  strata  are  both 
composed  of  soft  clay  and  sand  beds,  which  succnmb  readily  to  the  weathering  action 
of  the  atmosphere  and  consequently  the  line  of  separation  is  often  impossible  to  lo- 
cate exactly. 

>  Texas,  etc,  1840,  p.  873,  and  XT.  S.  QwlL  Snry.,  Boll.  4S,  1887,  p.  17. 

>  Tenth  Cenana  of  the  U.  8.,  vol  S,  1884,  pp.  653-831. 
*n.  S.  GeoL  SoTT.,  BoIL  45, 1887,  p.  8& 

*  U.  a  GeoL  Snrv.,  Boll.  45, 1887. 
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Ab  regards  the  oomposition  and  origin  of  the  strata  he  says : 

The  TertiAry  deposits  oonsist  of  a  vast  thickness  of  sand,  clay,  and  glaaconite  beds, 
in  some  places  characterised  by  great  quantities  of  lignite,  and  in  otheis  by  beds  of 
littoral  fossils.  In  fact  the  whole  series  represents  a  snooession  of  coastal,  snbooastal, 
or  brackish  water  deposits,  alternating  with  marine  deposits  of  a  littoral  character, 
and  between  these  two  extremes  we  find  all  gradations.  The  lagoon  or  snbcoastal 
deposits  compose  by  far  the  greater  part  of  the  series,  and  the  marine  strata  repre- 
sent slight  and  temporary  submergencies  of  the  coastal  area. 

The  strike  of  the  strata  is  northeast  to  southwest  and  the  dip  from 
Qo  to  50  toward  the  southeast,  although  local  variations  in  the  latter 
are  reported  by  Penrose  by  which  at  times  the  dip  is  west  or  northwest, 
and  one  instance  in*  the  vicinity  of  San  Ygnacio  on  the  Bio  Grande, 
where  for  21  miles  the  dip  is  towards  the  northeast  The  strata  have 
been  estimated  to  attain  a  thickness  of  1,000  to  1,300  feet.  Penrose 
divides  the  deposits  into  two  horizonS|  which  are  given  below  in  de- 
scending order. 

2.  The  Timber  Belt  or  Sabine  Biver  beds. 

1.  The  Basal  or  Wills  Point  days.  , 

The  lower  division,  the  Basal  or  WilU  Paint  Ola/ySy  are  composed  of-^ 

Stiff  laminated  clay,  yellow,  gray,  bine,  or  bluish  green  in  color,  frequently  in- 
terbedded  with  seems  and  lamin»  of  sand,  containing  many  concretionary  masses  of 
gray  non-foesiliferous  limestone.  *  *  *  No  lignitic  beds  have  been  seen  as  yet 
in  these  clays. 

The  deposits  of  this  division  are  estimated  to  be  250  to  300  feet  thick. 
They  are  considered  by  Penrose  to  be  absent  on  the  Bio  Grande. 

The  upper  division,  the  Timber  Belt  or  Sabine  Biver  Beds,  are  com- 
posed of— 

Siliceous  and  glauconitic  sands,  with  white,  brown,  and  black  clays.  The  clays, 
however,  are  greatly  in  the  minority,  and  the  siliceous  sands  comprise  by  far  the 
greater  part  of  the  whole  series.  Lignite  beds  are  of  very  f^requent  occurrence, 
varying  firom  a  few  inches  to  10  and  12  feet  thick. 

Of  the  areal  distribution  of  these  beds  Penrose  says  that  they  <<  oc- 
cupy an  area  over  125  miles  wide  in  the  northeast  part  of  the  State,  but 
thin  down  to  less  than  40  miles  on  the  Oolorado."  On  the  Bio  Orande 
the  Timber  Belt  Beds  are  found,  according  to  Penrose,  resting  directly 
on  the  Oretaceous. 

Dr.  White,^  however,  considers  that  the  Laramie  enters  into  the  Bio 
Grande  section  between  the  marine  beds  of  the  Oretaceous  and  Eocene. 
He  says : 

These  strata  (Laramie)  dip  gradually  to  the  soutbeastward  or  approximately  in 
the  direction  of  the  river's  (Bio  Grande)  course  and  disappear  beneath  the  aandy 
strata  of  the  Eocene  Tertiary  some  10  or  12  miles  above  Laredo. 

The  Timber  Belt  or  Sabine  Biver  beds  are  estimated  to  attain  a  thick- 
ness of  800  to  1,000  feet.  Although  the  discovery  of  many  fossils  is 
reported  from  the  Texas  Eocene,  and  the  identity  of  several  forms 
with  the  species  recognized  in  the  Alabama  and  Mississippi  strata 

>  Am.  Jour.  Soif  34  «er.,  vol.  35, 1888,  pp.  i32-43& 
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eIaiD)ed,  little  systematic  stady  has  been  given  theiu,  so  that  no  very 
definite  conclusions  can  as  yet  be  drawn.  Cardita  planicosta,  that 
ranges  so  widely  and  is  so  characteristic  of  the  Eocene  in  the  Atlantic 
as  well  as  the  Gnlf  States,  has  been  recognized  among  other  typical 
forms. 

OOBBELATION  OF  DEPOSITS. 

There  is  practical  aniformity  of  opinion  at  the  present  time  as  to  the 
delimitation  of  the  Eocene  of  the  Atlantic  and  Gulf  coast  region.  Both 
paleontologically  and  stratigraphically,  the  break  separating  the 
Eocene  and  Gretaceons  is  clearly  defined,  and  except  where  local  de- 
tails of  geographical  distribution  have  not  been  as  yet  finally  estab- 
lished, the  line  may  be  drawn  with  comparative  accuracy.  Uncon- 
formity of  contact  is  generally  apparent,  and  the  types  of  animal  re- 
mains are  so  widely  different  as  to  afford  at  once,  when  present,  a  ready 
means  of  discrimination. 

The  Neocene  is  also  found  nnconformably  overlying  the  Eocene  and 
with  fossil  forms  that  at  once  separate  the  two  horizons,  although  the 
distinctions  are,  perhaps,  not  so  strongly  marked  as  between  the  Greta- 
ceons and  Eocene. 

On  the  other  hand,  any  attempt  at  a  wide  correlation  of  the  various 
divisions  of  the  Eocene  established  in  the  different  portions  of  the  At- 
lantic and  Gulf  coast  region  is  rendered  well-nigh  fruitless  from  our 
incomplete  knowledge  of  their  stratigraphy  and  their  fossils.  Only  in 
one  locality  (along  the  Alabama  and  Tombigbee  Bivers,  Alabama)  have 
we  even  an  approximately  accurate  section  of  the  Eocene  series.  The 
literature  is  filled  with  incomplete  descriptions  of  local  deposits,  which, 
for  purposes  of  widespread  correlation  of  the  strata  must  be  used  with 
the  greatest  care.  Moreover,  the  collections  of  fossils  made  by  the  many 
authorities  cited  in  the  previous  pages  of  this  report  have  been  either 
altogether  destroyed  or  so  carelessly  labeled  and  preserved  as  to  be 
practically  worthless  for  stratigraphical  purposes.  The  collections  of 
the  Alabama  State  Survey  are  an  exception,  and  I  have  a  fragmentary 
series  from  the  Atlantic  coast  deposits.  It  will  thus  be  seen  that  the 
diflBculties  in  the  way  of  any  general  correlation  of  deposits  are  well- 
nigh  insuperable.  We  are  practically  ignorant  of  the  fauna,  and  the 
very  foundations  upon  which  we  have  to  build  are  thus  wanting.  Long 
lists  of  fossils,  it  is  true,  have  appeared  in  many  articles  and  reports 
upon  the  region,  but  the  establishment  of  any  co/nplete  system  of  cor- 
relation upon  such  data,  is,  to  say  the  least,  hazardous.  Before  the 
work  can  be  satisfactorily  done,  careful  and  exhaustive  collections  must 
be  made.  Until  that  has  been  accomplished,  a  provisional  statement 
of  the  more  apparent  similarities  may  not  be  valueless.  Many  such  at- 
tempts have  hitherto  been  made,  and  it  is  with  some  reluctance  that 
the  author  employs  such  insufi&cient  data  for  widespread  correlations 
which  require  the  most  accurate  information  to  possess  any  value,    in 
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the  introduction  to  this  report  a  division  of  the  Eocene  into  I,  Lower; 
II,  Middle ;  III,  Upper,  was  suggested.  Althongh  snch  a  division  of  the 
strata  can  not  be  definitely  established  everywhere,  it  affords  a  scale  to 
which  the  facts,  so  far  as  we  know  them,  may  be  referred,  and  by  which 
the  complete  series  in  Alabama  may  be  best  interpreted.  In  the  suc- 
ceeding pages  the  generalized  sections  recorded  in  the  several  States 
will  be  assigned,  so  far  as  possible,  to  a  relative  position  in  this  scale, 
although  later  observations  will  probably  necessitate  many  changes. 

yew  Jersey, — The  Eocene  of  New  Jersey  belongs  entirely  to  the  Lower 
division.  Its  supposed  close  relationship  to  the  Cretaceous,  from  a 
stratigraphical  standpoint,  was  long  the  cause  of  associating  it  with 
that  horizon.  Its  fossils  were  subsequently  found  to  possess  an  un- 
doubted Eocene  character,  and  although  lacking  some  of  the  more 
widely  represented  species,  such  as  Cardita  planieosta^  TurriteUa  Mor- 
toniy  and  Ostrea  sMaformis^  still  afford  none  of  the  characteristic  Creta- 
ceous forms  of  the  underlying  rocks.  The  character  of  the  vertebrate 
bones  and  the  moUuscan  remains  is  a  strong  indication  of  its  early  Eo- 
cene age.  Conrad  *  stated  this  position  in  1848  and  more  fully  ex- 
plained the  same  in  1865.  It  has  been  generally  held  by  subsequeot 
writers. 

Maryland. — ^There  is  some  difference  of  opinion  as  to  the  correlation 
of  the  Maryland  deposits.  The  strata  exhibited  at  Piscataway  Creek, 
Upper  Marlboro,  and  other  points  have  been  generally  considered  to 
hold  a  position  well  down  in  the  Eocene  series,  but  whether  they  are  to 
be  correlated  with  the  Claiborne,  Buhrstone,  or  Lignitic  of  the  south 
has  not  yet  been  finally  determined,  so  that  it  is  a  matter  of  some  doubt 
whether  the  Maryland  deposits  should  be  considered  Lower  or  Middle 
Eocene.  It  is  not  at  all  improbable  that  both  may  be  represented, 
though  we  have  not  sufficient  data  for  establishing  a  division.  That 
the  deposits  of  Maryland  and  Virginia  occupy  about  the  same  horizon 
is  pretty  clearly  established,  both  on  stratigraphical  and  paleontolo- 
gical  grounds.  In  the  main  the  fossils  are  similar.  Ostrea  compress- 
irostra^  Turritella  Mortonij  Cytherea  Meehii^  Oarditaplanieosta^  Ouculkea 
gigantea,  Panopwa  elongata  are  types  frequent  in  both  States,  while  Tur- 
ritella  Mortonij  Panapcea  elongata,  auA  Cardita  planieosta  have  a  wide 
geographical  range  in  other  portions  of  the  Atlantic  and  Gulf  coast 
region.  Unfortunately  the  few  forms  that  occur  have  not,  so  far  as  is 
known,  a  narrowly  circumscribed  range  geologically,  Cardita  planieosta^ 
for  example,  ranging  through  the  entire  Eocene  series.  Lithologically, 
also,  the  Maryland  deposits  are,  in  their  widespread  green-sand  facies, 
to  be  intimately  associated  with  the  Virginia  strata. 

Virginia. — The  Virginia  Eocene  region  is,  as  above  stated,  the  south- 
ward extension  of  the  Maryland  area.  The  upper  strata  may  repre- 
sent a  higher  horizon,  but  of  that  we  have  little  to  guide  us.    The  fossils 

>  PhlUklelphia  Aoad.  Kat  Sol.  Jour.,  new  B«r^  toL  1, 1848,  p.  129.   PhilAdelphiA  Acad.  Hat  SoL,  Piw., 
ToL17,188^pp.71,7S. 
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aro,  in  the  main,  identical,  thoagh,  so  far  as  investigation  has  gone,  the 
fiftnna  of  the  Virginia  Eocene  is  more  varied  than  that  of  Maryland, 
and  in  the  presence  of  Osirea  sellce/ormia  and  other  important  forms 
shows  a  closer  relationship  with  the  more  southern  areas.  Whether  it 
is  the  representative  of  the  Lower  or  Middle  Eocene  can  not  be  stated 
with  definitenesSy  although  it  seems  probable  that  portious  of  each  aire 
represented.  Gontinuous  deposition  under  similar  circumstances  seems 
to  have  prevailed,  and  renders  aaj  divisiou  of  the  series  difficult. 

North  Carolina, — ^The  fauna  of  the  Korth  Carolina  Eocene  presents  so 
many  differences  from  that  of  other  areas  that  it  is  difficult  to  cor- 
relate the  strata.  The  deposits  have  much  less  in  common  with  the 
Virginia  region  than  with  South  Oarolina,  when  viewed  either  from 
a  paleontological  or  structural  standpoint.  Ostrea  selUeformis  and  Car- 
dita  planicosta  occur  sparingly  together  with  other  forms  that  are  found 
in  the  Middle  Eocene  of  Alabama.  Too  little  is  known  of  the  fossils 
and  their  range  to  enter  much  into  details,  but  there  is  little  doubt  that 
the  Middle  Eocene  is  here  represented,  though  its  lower  portions  may 
be  absent.  There  are  also  points  of  relationship  between  the  limestone 
beds  in  the  eastern  portions  of  the  State  and  the  White  limestone  facies 
farther  south.  Too  little  is  known  of  the  fauna  to  pass  final  judgment. 
It  seems  probable,  however,  that  the  Upper  Eocene  is  here  represented. 

South  Carolina. — The  Eocene  of  South  Carolina  is  represented  by 
portions,  at  least,  of  the  Lower,  Middle,  and  Upper  members.  That 
some  of  the  basal  and  superior  beds  are  lacking,  and  that  there  may 
have  been  interruptions  in  continuous  deposition  seems  probable.  The 
irregularly  stratified  arenaceous  beds  at  the  base  of  the  series,  classed 
with  the  Buhrstone  in  Tuomey's  South  Carolina  report,  are  beyond^much 
doubt  to  be  correlated  with  the  Lignitic  of  Alabama,  and  are  thus 
Lower  Eocene.  Although  lignitic  strata  are  not  wholly  lacking, yet  the 
conditions  under  which  the  beds  were  accumulated  were  very  different 
from  those  existing  in  the  Gulf  region.  The  seas  were  open,  and  sands 
and  clays  were  chiefly  deposited, 'while  lignitic  accumulations  were  form- 
ing in  the  Mississippi  embayment.  The  overlying  argillaceous  deposits 
are  probably  Buhrstone,  though  they  may  include  also,  in  part  or  in 
whole,  the  Claiborne.  They  are  of  Middle  Eocene  age.  Among  the 
species  found  that  occur  in  the  Middle  Eocene  elsewhere,  thongh  not 
distinctive  in  all  cases,  are  TurritellaMortonij  Car  dita  planicosta^  Gytherea 
ovata^  CrassateUa  akeformis^  Pectunculus  stamineusj  and  Ostrea  selUefor- 
mis.  The  ^^  calcareous  strata  of  the  Charleston  Basin,"  which  include 
the  Santee  Beds  and  the  Ashley  and  Cooper  Beds  of  Tuomey,  are  to  be 
correlated  with  the  White  limestone  of  Alabama,  and  are  thus  upper 
Eocene,  though  the  evidence  for  the  presence  of  the  upper  horizon 
(Vicksburg)  is  by  no  means  conclusive.  The  existence  of  Zeuglodon 
remains  in  the  different  members  of  the  calcareous  strata  (Santee  Beds 
and  Ashley  and  Cooper  Beds),  together  with  the  character  of  the  mol- 
lusca,  is  strong  proof  of  their  identity  of  age  with  the  Jackson  group 
of  Alabama  and  Mississippi.  Some  of  the  beds  on  the  left  bank  of  the 
BuIL 
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Savannah,  opposite  and  below  Shell  Blaff,  have  been  correlated  with 
the  Vicksbarg,  npon  evidence  previonsly  stated  and  have  been  called 
the  *«  Shell  Bluff  group.'' 

Oeorgia. — Although  investigated  much  less  fully  than  in  Soath  Caro- 
lina, the  Eocene  deposits  of  Georgia  include  probably  the  three  divis- 
ions there  represented.  The  ^^  Buhrstone"  is  described  as  peculiarly 
typical  for  Georgia,  though  as  the  term  is  here  used  it  includes  part,  if 
not  all,  of  the  Lignitic,  Bufarstone,  and  Glaibome  of  Alabama.  A  separa- 
tion of  the  series  into  these  horizons  is  as  yet  impossible  from  the  lack 
of  accessible  data.  In  the  southern  portion  of  the  State  the  Vicksbnrg 
gronp  of  the  White  limestone  (connecting  the  Florida  and  Alabama 
areas)  is  doubtless  represented,  though  the  evidence  is  rather  of  geo- 
graphical possibility  than  established  fact.^ 

The  upper  portion  of  the  section  exhibited  at  Shell  Bluff,  on  the 
Savannah  Biver,  was  stated  by  Gonrad'  to  represent  a  horizon  under- 
lying the  ^*  Orbitolite  limestone  of  the  Jackson  group." 

Hilgard,  in  a  reply  to  Gonrad,'  says  the  statement  that  the  OrJntoide$ 
occurs  in  the  Jackson  group  is  incorrect,  and  that  the  ^*  Shell  Bluff 
group"  of  Conrad  is  probably  the  equivalent  of  his  ^^  Bed  Bluff  group," 
found  at  the  base  of  the  Yicksburg  series  and  overlying  the  Jackson. 
Of  the  importance  of  Oatrea  geargiana  for  purposes  of  correlation.  Hit- 
gard  claims  that  it  varies  greatly  fi*om  the  Jackson  oyster,  with  which 
Oonrad  compaired  it,  but  may  be  similar  to  Ostrea  giganiea  of  the  Yicks- 
burg, which,  moreover,  is  not  present  in  the  Bed  Bluff  group.  From 
this  it  appears  that  the  evidence  for  the  correlation  of  the  '^  Shell  Blufi 
group  "  is  insufficient,  and  beyond  the  fact  that  it  is  included  in  the 
White  limestone  series  and  is  thus  Upper  Eocene,  it  is  impossible  to 
go.  From  the  data  at  hand  it  is  evident  that  a  decided  opinion  can  not 
be  given  upon  the  different  horizons  represented  in  Georgia,  though  it 
can  be  stated  as  probable  that  the  Lower,  Middle,  and  Upper  Eocene 
are  present. 

Florida. — ^The  Eocene  of  Florida  is  confined  to  the  upper  division,  and 
in  its  well  marked  White  limestone  phase,  containing  OrhiUndea  ManteUi^ 
Pecten  Poulsonij  and  other  Yicksburg  fossils,  is  readily  correlated  with 
the  upper  member  (Yicksburg)  of  the  White  limestone  of  Alabama 
and  MiAissippi.  A  thin  layer  of  silicified  Miocene  limestone  is  often, 
found  irregularly  overlying  both  the  typical  Yicksburg  and  that  later 
phase  of  it  which  has  been  called  Kummulitic  and  which  contains 
species  of  Foraminifera  that  are  limited  to  the  Florida  deposits  so  far 
as  known.  Johnson  ^  says  concerning  this  latter  horizon  that  *^  possi- 
bly these  irregular  deposits  may  be  remnants  of  the  I^ummulitic  lime- 
stone,  which  is  really  a  stratum  oveylying  the  Yicksburg  rocks,  well 

>  Beoent  obsenratioiia  of  Mr.  Frank  Bums  show  tbat  the  Viduburg  limestone  with  Of^UoidkB  erofe 
oat  S5  feet  thick  in  Pulaski  Coanty. 
*  Am.  Joor.  Set,  2d  ser.,  toL  41, 1860^  p.  96b 
•Ibid.,  ToL  42^  1068^  pp.  ea-m 
«IU4.,Tid.M^U88^p.anL 
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seen  at  tbe  old  iron  works  near  Levyville,  Levy  County."  As  regards 
its  taxonomic  importauce,  Johnson  farther  states  that  ^^  there  is  no 
sufficient  reason  as  yet  observed  to  regard  it  as  more  than  an  upper 
layer,  similar  to  such  superadded  layers  seen  in  Alabama  at  the  Lower 
Bait  Works  on  the  Tombigbee  Biver." 

Alabama, — ^Tbe  extent  of  the  Alabama  section^  together  with  the 
detailed  manner  in  which  it  has  been  studied,  has  led  to  its  acceptance 
as  the  type  of  the  Atlantic  and  Gulf  coast  Eocene.  The  Lignitic  has 
been  assigned  to  the  Lower,  the  Buhrstone  and  Glaibome  to  the  Middle, 
and  the  White  limestone,  with  its  farther  subdivisions  into  Jackson 
and  Vicksburg,  to  the  Upper  division  of  the  series.  Such  separation 
is  locally  warranted  on  both  lithological  and  paleoutological  grounds, 
and  may  for  the  present  at  least  serve  an  important  purpose  in  the 
comparative  study  of  the  Eocene  deposits  of  the  Atlantic  and  Gulf 
Coast  region.  So  far  as  the  stratigraphy  of  the  Eocene  is  at  present 
known,  the  entire  series  is  represented  in  Alabama. 

Mississippi. — ^The  deposits  of  Mississippi  are  readily  correlated  with 
those  of  Alabama,  as  most  of  the  members  persist  with  similar  facies. 
The  lower  division,  the  Lignitic,  as  previously  described,  is  widely  rep- 
resented. The  Buhrstone  and  Claiborne,  defined  as  siliceous  and  cal- 
careous Claiborne  by  Hllgard,  are  both  present,  while  the  White  lime- 
stone persists  in  its  two  divisions,  the  Jackson  and  Vicksburg. 

In  general  the  Lignitic  increases  in  importance  from  Alabama  west- 
ward, while  the  members  of  the  Middle  Eocene,  although  represented, 
form  a  less  marked  feature  structurally  and  paleontologically.  The 
White  limestone,  on  the  other  hand,  is  much  more  prominently  devel- 
oped, and  affords  a  most  varied  fauna  in  both  its  upper  and  lower 
members.  A  marked  feature  of  dissimilarity  with  the  eastern  repre- 
sentatives of  the  Upper  Eocene,  in  this  respect  connecting  it  with  the 
trans-Mississippi  type,  is  the  occurrence  of  lignitic  bands  throughout  the 
series. 

Mississippi  Embayment:  Tennessee,  Keniuoky,  Illinois,  Missourij  and 
ArJcansas. — The  Eocene  strata  of  the  region  to  the  north  of  the  border 
Gulf  States,  forming  the  Mississippi  Embay ment,  are  chiefly  to  be  cor- 
related with  the  lower  division  (Lignitic).  The  character  of  the  de- 
posits affords  almost  the  only  means  of  comparison,  since  few  localities 
have  been  found  where  fossils  are  found.  In  southern  Arkansas^  from 
the  occurrence  of  Claiborne  fossils,  there  is  evidence  of  the  presence  of 
the  Middle  Eocene,  but  it  is  doubtful  whether  the  Upper  Eocene  is  any- 
where represented  in  this  area.  So  little  is  yet  known  of  the  geolog- 
ical range  of  the  lignitic  beds  in  the  Gulf  region  that  the  conclusions 
drawn  from  their  presence  or  absence  have  little  value.  In  the  States 
to  the  south  lignitic  strata  have  been  found  at  every  horizon  of  the 
Eocene ;  yet  from  the  geographical  position  of  the  Mississippi  Embay- 
ment,  it  seems  hardly  probable  that  more  than  the  Lower,  or  at  the 
most  Middle,  Eocene  are  represented. 
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Louisiana. — In  a  previoaB  chapter  the  eTidenoe  for  the  existence  of 
the  Liguitio  in  Lonisiana  was  stated.  That  evidence  was  chiefly  of  a 
lithological  character,  and  the  probability  that  the  sonthem  extension 
of  the  ^^  Gamden  series,"  described  by  Hill  in  Arkansas  and  shown  to 
be  Lower  Eocene,  woald  coincide  with  the  deposits  of  northwestern 
Lonisiana.  Hilgard  has  described  the  lignitic  strata  of  this  area  nnder 
the  name  of  the  ^*  Mansfleld  group,"  and  although  in  part*  shown  to  be 
Upper  Eocene,  they  are  considered  by  Hill  to  represent  likewise  the 
<^  Gamden  series "  (Lignitic).  The  evidence  for  fhe  presenoe  of  the 
Middle  Eocene  is  chiefly  of  a  geographical  character.  On  the  other 
hand,  the  Yicksbnrg  and  Jackson  have  a  thoronghly  characteristic  de- 
velopment, the  White  limestone  strata  abounding  in  fossils  of  species 
identical  with  those  of  Mississippi.  Intercalated  beds  of  lignitic  strata, 
on  the  other  hand,  are  more  numerous  than  in  the  White  limestone 
series  to  the  east  of  the  Mississippi  Biver. 

Texas. — Heilprin^  and  Hill'  have  expressed  the  (pinion  that  the  Ter- 
tiary of  Texas  would  be  found  to  afford  a  tolerably  complete  section  of 
the  Eocene  when  more  complete  investigations  had  been  made.  Heil- 
prin  says  that  ^Mt  may  safely  be  assumed  that  all,  or  nearly  all,  of  the 
divisions  ranging  from  the  Eolignitic  [Lignitic]  to  the  Grand  Gulf,  in- 
clusive, are  represented." 

Gonceming  the  correlation  of  the  Basal  or  Wills  Point  Olays,  the 
lower  of  the  two  divisions  of  the  Eocene  strata  established  by  himself, 
Penrose  says:'  ^^ These  clays  probably  represent  the  Eolignitic  of 
Heilprin's  Eocene  section,  the  base  of  HilgaJHl's  ^  Northern  lignitic '  in 
his  Mississippi  section,  and  the  Arkadelphia  shales  at  the  base  of  Hill's 
<  Gamden  series,'  in  Arkansas."  He  states  that  the  upper  portion  of 
*^  TheTimberBeltorSabiueBiver  beds,"  the  upper  division  of  the  Eocene 
as  established  by  that  writer,  on  the  Brazos  and  Golorado  Biver,  ^<  show 
Jackson  and  Giaibome  species  with  a  tendency  toward  an  increase  of 
the  Jackson  over  the  Glaiborne  as  we  ascend  the  series."  The  repre- 
sentatives of  the  Vicksburg  seem  to  be  quite  or  nearly  lacking,  which 
has  been  accounted  for  on  the  ground  that  the  oscillation  that  caused 
deep-sea  conditions  in  the  Vicksburg  period  over  the  central  Gulf  States 
<*  may  have  also  raised  the  Texas  region  into  aland  area.'*  When  m<Hre 
exhaustive  study  has  been  made  of  the  Eocene  fauna  of  Texas  it  may 
then  be  possible  to  institute  more  accurate  correlation  with  the  series 
established  in  Alabama  and  Mississippi.  Until  that  has  been  done  lit- 
tle more  than  the  statement  of  the  probable  presence  of  representa- 
tives of  the  Lower,  Middle,  and  Upper  Eocene  may  be  made. 


iGontributions  to  the  Tertiary  Geology  and  Paleontology  of  the  United  States,  1884,  pp.  87-38L 
*n.  S.  GeoL  Surv.,  Ball.  46, 1887,  pp.  84-88. 
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Tabular  repreieniation  of  the  geological  range  of  the  Eocene  in  the  AtlanHe  and  Oulf  coaet 
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PROVISIONAL  DIVISION  INTO  PKOVINOBS. 

As  stated  in  an  earlier  portiom  of  this  paper,  the  Atlantic  and  Gnlf 
Ooast  Eocene  is  too  imperfectly  understood  to  admit  of  its  direct  treat- 
ment by  provinces  though  certain  indications  of  a  paleontological  and 
lithological  character  render  a  provisional  division  possible  and  neces- 
sary. 

The  Oulf  region,  due  to  the  ftiller  representation  of  the  Eocene  series 
and  the  more  exhaustive  investigations,  that  have  been  there  recorded, 
may  be  considered  to  afford  the  type  development  of  that  horizon,  and  so 
.the  standard  with  which  other  Eocene  areas  may  be  compared.  For  this 
reason  even  a  provisional  division  of  the  Atlantic  and  Gulf  Coast  region 
into  provinces  must  depend  largely  upon  correlative  data,  based  upon 
the  Gulf  series. 

Wider  investigations  may  show  that  what  to-day  seem  restricted 
characters  whether  structural  or  paleontological  are  to  be  largely  ex- 
plained on  account  of  our  imperfect  knowledge.  Oonnecting  links  now 
wanting  may  unite  all  parts  into  a  consistent  whole,  so  that  the  wide 
faunal  differences  that  now  appear  may  be  found  much  less  prominent, 
even  if  they  do  not  entirely  disappear. 

Judging  from  present  data  four  more  or  less  fully  defined  areas 
dependent  upon  structural  and  paleontological  differences  may  be 
established  in  the  Atlantic  and  Gulf  Coast  region.  They  are:  1,  New 
Jersey  province;  2,  Mary  land- Virginia  province;  3,  Carolina-Georgia 
province;  4,  Gulf  province. 

New  Jersey  province. — The  Eocene  area  of  New  Jersey  forms  an  insig- 
nificant portion  geographically  of  the  Atlantic  and  Gulf  Ooast  region. 
In  the  character  of  its  deposits  or  its  fossils  the  Eocepe  of  this  locality 
affords  few  points  of  comparison  with  its  more  southern  representatives* 
Lithologicaily  there  is  a  marked  difference*    ThA  <<  BVol^^^o^*^  ^\^\2)S^ 
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the  New  Jersey  series  is  largely  composed  presents  an  individaal  type 
of  sedimentation  unlike  the  Eocene  strata  to  the  sonth.  This  differ- 
ence, which  may  be  directly  traceable  to  the  underlying  deposits  from 
which  the  Eocene  has  been  largely  derived  is  still  farther  shown  in  the 
character  of  the  fossils  which  the  beds  themselves  afiford.  The  more 
comtnon  Eocene  types  snch  as  Oardita  planicostay  Ostrea  seU^e/ormUj 
Ostrea  compreasirostraj  OuculkBa  gigantea^  Oytherea  Meekii  and  others  so 
characteristic  for  the  deposits  in  Maryland  and  Virginia  are  lacking, 
while  with  the  possible  exception  of  Orassatdla  aUa  none  of  the  more 
southern  forms  appear.  The  species  most  common  for  the  New  Jersey 
area  are  with  scarcely  an  exception  confined  to  that  region. 

The  question  naturally  presents  itself  in  connection  with  the  study 
of  the  Eoceue  deposits  of  New  Jersey,  whether  the  structural  and  faunal 
dififerences  are  due  to  differences  of  contemporaneous  origin,  upon 
which  alone  the  claims  to  separation  as  a  province  rests,  or  whether  the 
horizon  of  the  New  Jersey  deposits  may  not  be  different  from  that  of 
the  strata  immediately  to  the  south  in  Maryland  and  Virginia,  with 
which  comparison  has  been  chiefly  made.  That  the  latter  may  be  the 
case  has  been  by  no  means  disproved.  The  evidence  for  or  against 
either  one  of  these  suppositions  is  so  inconclusive  that  final  decision 
can  not  be  rendered.  However,  for  l&ck  of  opposing  data,  the  New 
Jersey  deposits  may  be  for  the  present  purpose  best  treated  as  a  pro- 
visional province. 

Maryland- Virginia  province. — Of  much  wider  geographical  extent 
than  the  New  Jersey  region  is  the  Eocene  area  of  Delaware,  Maryland, 
and  Virginia,  though  in  its  turn  much  more  circumscribed  in  range 
than  the  regions  farther  south.  Although  showing  greater  similarity 
in  the  character  of  its  deposits  and  fossils  with  the  south  Atlantic  and 
Gulf  Coast  Eocene,  than  the  New  Jersey  province,  the  Maryland- Vir- 
ginia province  is  still  sufficiently  distinctive  in  both  to  require  complete 
separation  as  a  geological  unit. 

The  green-sand  marl  of  which  the  Eocene  deposits  of  this  area  are 
almost  exclusively  composed,  although  found  elsewhere  in  the  Atlantic 
and  Gulf  Coast  region  is  nowhere  so  extensively  developed  as  in  Mary- 
land and  Virginia.  It  is  thoroughly  characteristic  for  the  Maryland- 
Virginia  province. 

The  fossils  likewise  are  in  the  main  distinctive  and  confined  to  the 
limits  assigned  to  that  province.  They  are  quite  unlike  the  fauna  of 
New  Jersey  on  the  one  hand  and  that  of  the  Carolinas  on  the  other. 
Several  forms  it  is  true  are  comparable  with  the  types  of  the  more 
southern  representatives  of  the  Eocene,  especially  the  common  bivalves 
Cardita  pUmicosta  and  Ostrea  sellceformis,  A  sufficient  number,  how- 
ever, are  limited  in  their  geographical  range  and  thus  show  that  the 
conditions  for  their  existence  in  Eocene  times  were  snch  as  to  confine 
them  to  the  Maryland- Virginia  region.^    Similar  questions  of  doubt  as 


*  Fttttire  Investigations  may  show  iho  dilTerenceB  to  be  mucli  less  marlced  than  th^  now  Beem.   Foliar 
itn^ilittiui  With  toutliMii  foimi  mtii^  t^iAii  %fpM.t«e  tk^mber  of  identloal  speoiM. 
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to  the  contemporaneity  of  the  Maryland- Virginia  deposits  with  the 
type  series  established  for  the  Eocene  arise  as  in  the  Kew  Jersey  area, 
bnt  for  the  same  reasons  the  provisional  separation  of  the  Maryland- 
Virginia  region  as  a  geological  province  is  made.  The  Eocene  deposits 
of  this  area  are  termed  by  Darton  the  Pamnnky  formation. 

Carolina- Oeorgia  pravinee. — ^The  Oarolina-G^orgia  province  affords  a 
mnch  more  complete  series  of  Eocene  strata  than  the  northern  areas. 
Possessing  more  important  representatives,  however,  in  the  Middle  and 
Upper  divisions  of  the  Eocene  than  the  Lower,  the  possibilities  of  con)- 
parison  with  northern  areas  are  narrowly  circnmscribed.  The  earlier 
Eocene  presents  a  very  different  facies  in  the  Garolinas  and  Georgia 
from  that  in  Virginia,  Maryland,  or  New  Jersey.  The  coarse,  incon- 
grnons  sands  and  clays  show  that  the  mode  of  accumnlation  of  the  de- 
posits was  very  different  and,  moreover,  ill  adapted  for  the  preservation 
of  marine  organisms,  even  if  many  had  fonnd  there  a  congenial  habitat. 
The  few  fossils  that  occur  are  mainly  different  from  those  in  other 
areas,  bnt  the  fanna  is  very  imperfectly  understood.  The  arenaceous 
character  of  the  beds  affords  some  points  of  similarity  with  the  Lower 
Eocene  in  the  Gulf  States,  although  the  lignitic  strata  of  the  latter 
are  wanting.  The  later  Eocene  deposits,  formed  in  a  sea  which  almost 
no  muddy  sediment  reached,  are  chiefly  limestones  and  marls  and  pos- 
sess a  fauna  that  can  have  little  in  common  with  the  northern  Eocene, 
thoi^gh  many  identical  species^  with  the  White  limestone  horizon  of 
the  Gulf  States  are  found. 

Oulf  province. — The  Gulf  province,  extending  from  Florida  to  Texas 
and  including  the  Mississippi  embayment,  presents  certain  character- 
istic features  that  separate  it  both  lithologically  and  paleontologically 
from  the  Atlantic  coast  provinces.  The  wide  development  of  lignitic 
strata  throughout  the  Gulf  province  must  have  required  peculiar  con- 
ditions for  their  accumulation  that  did  not  exist  along  the  Atlantic 
coast.  Moreover^  these  conditions  were  not  confined  exclusively  to  the 
earlier  stages  of  the  Eocene,  although  there  predominating,  bnt  fre- 
quently recurred  throughout  the  entire  period.  We  find  that  even  the 
Jackson  and  Vicksburg  groups  are  not  without  their  lignitic  beds, 
although  in  the  eastern  portion  of  the  region  they  are  much  less  fre- 
quent. 

The  Lower  Eocene  of  the  Gulf  province  attains  great  prominence,  and 
in  the  region  of  the  Mississippi  embayment  reaches  its  most  marked 
development.  In  its  geographical  extent  it  is  the  leading  member  of 
the  Eocene.  It  becomes  much  less  lignitic  in  the  eastern  portion  of 
the  region  than  in  the  central  and  western ;  its  faunal  characteristics 
are  there  more  marine  and  the  beds  more  calcareous. 

The  Middle  Eocene  in  its  two  divisions,  the  Buhrstone  and  Olaibome, 
presents  a  characteristic  series  of  deposits  that  acquire  their  most 
marked  individuality  in  the  State  of  Alabama,  where  a  varied  fauna 

>  The  liMt  IhAi  aoit  of  tlie  CArolina-GeorgiA  fiorma  ocour  m  omU  randen  »  oompariaon  diffiealt. 
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characterizes  the  upper  of  the  two  horizons.  The  Bahrstone  lu^ely 
loses  its  aluminous  character  toward  the  Georgia  line  and  beoomes 
more  fossiliferous.  The  Olaiborne,  away  from  the  place  of  its  typical 
development  at  Giaibome,  Alabama,  rapidly  changes.  The  varioos 
horizons  there  represented  disappear  in  part,  or  changes  coming  in  at 
short  distances  give  the  beds  quite  a  different  appearance. 

The  Upper  Eocene^  with  its  widely  developed  White  limestone  beds, 
affords  a  sharp  contrast  to  the  other  members  of  the  Eocene  series.  In 
the  western  portion  of  the  area  the  White  limestone,  so  typically  de- 
veloped in  Alabama,  is  frequently  interstratifled  with  beds  of  arena- 
ceous deposits  containing  bands  of  lignite. 

The  fauna  of  the  various  horizons  of  the  Eocene  in  the  Oalf  States 
is  vastly  richer  than  on  the  Atlantic  Ooast,  and  affords  many  species 
that  do  not  exist  in  the  latter  region.  The  similarities  to  the  Garo- 
linaGeorgia  province,  however,  are  much  greater  than  to  the  more 
northern  areas. 

OOMPABISON  WITH  EUROPEAN  DEPOSITS. 

The  attempts  of  geologists  to  correlate  American  Eocene  strata  with 
European  have  decreased  in  about  the  ratio  that  real  knowledge  of  the 
deposits  has  increased.  The  earlier  geologists  thought  nothing  of  cor- 
relating individual  beds  with  the  minuter  divisions  of  European  strata. 
At  first  lithological  similarities  were  thought  sufficient,  but  even  after 
the  fossils  themselves  were  considered,  generic  identity  still  afforded  a 
basis  for  correlation  of  the  most  detailed  character.  Of  late  there  has 
been  more  of  a  tendency  to  study  American  formations  with  reference  to 
their  own  individuality  rather  than  that  of  some  fancied  resemblance  to 
the  deposits  of  other  lands.  When  our  knowledge  of  the  American 
Eocene  has  not  progressed  to  such  a  point  as  to  admit  of  a  correlation  of 
the  strata  of  contiguous  regions,  how  is  it  to  be  expected  that  wider  com- 
parisons can  be  successfully  madef 

Some  similarities  of  a  general  character  in  deposits  and  fossils  occur, 
however,  and  it  is  these  which  wiU  be  briefly  examined.  When  we  take 
into  consideration  the  deposits  forming  along  existing  coast  linea,  we 
find  how  little  value  for  purposes  of  correlation  the  similarity  or  dissim- 
ilarity of  sediments  can  possibly  have.  Both  in  America  and  Europe 
we  find  a  great  diversity  in  the  character  of  the  strata.  Brackish  and 
marine  facies  appear,  the  latter  with  both  littoral  and  infralittoral  de- 
posits. Moreover,  the  fresh- water  sediments  occurringin  the  geograph- 
ically more  circumscribed  "basins"  of  Europe  are  lacking  in  the 
Atlantic  and  Gulf  Ooast  region  of  America.  Further,  when  we  observe 
that  the  geographical  range  of  shallow-water  marine  species  is  limited, 
we  can  hardly  expect  that  many  identical  forms  will  be  found  common 
to  the  American  and  European  Eocene.  A  few  species,  however,  among 
which  the  Cardita  planicosta  is  the  most  important,  are  widely  repre- 
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sented  in  the  Eocene  strata  of  both  continents.  Heilprin^  has  made  a 
comparative  stady  of  American  and  Earopean  Eocene  species,  and 
maintains  the  identity  or  close  relationship  of  many  forms.  Oonrad,' 
Morton,'  Lea,^  and  Meyer^  have  made  similar  comparisons,  a  review  of 
whose  conclusions  are  presented  in  the  article  by  Heilprin.  Others, 
on  the  other  hand,  do  not  consider  the  existence  of  identical  species  in 
the  Eocene  of  the  two  continents  probable,  with  the  possible  exception 
of  Oardita  planicosta  and  one  or  two  other  less  usual  forms. 

The  general  character  of  the  faunas  of  the  two  continents  is,  however, 
sufiBciently  similar  to  render  it  probable  that  the  Eocene  series  of  Eu- 
rope is  represented  in  the  American  Eocene  series,  which  latter  may 
likewise  include  the  Oligocene  of  the  Old  World,  though  it  does  not 
seem  to  the  writer  that  the  evidence  adduced  is  as  yet  sufficient  to 
prove  either  its  presence  or  absence.  As  stated  in  the  general  intro- 
duction to  this  report,  the  term  Eocene,  as  we  have  employed  it,  mayor 
may  not  include  both  the  Eocene  and  Oligocene  as  those  terms  are  used 
in  Europe. 

■GoDtrlbntloBB  to  the  Tertiary  Geology  and  Paleontology  of  the  United  States,  pp.  83-101. 
In  this  artlfde  Heilprin  dleooflaei  briefly  the  pointe  of  similarity  in  the  species  that  follow : 

Amerioik  Europe. 

Ostrea  compressirostra,  Say (1)  O.  bellovaolnai  Lam. 

divarloata,  Lea  (O.  faloiformis,  Conr. ) O.  flahellnla,  Lam. 

Caidita rotandat Lea (f)  C.imbrioata. 

planicostai  Lam C.  plauioosta,  Lam. 

Cardinm  Kioolleti,  Conr G.  semlgranalatam,  Sow; 

Corbtslirata»Conr C.  lamellosa,  Lam. 

Peotnnonlasldoneas,Conr 5  <*>  P- P">»*°>'»».  Wood. 

( (T)  P.  polymorphns,  Desh. 

LImopais  aTicnloides,  Gonr.  (Peotononlns  obliqans, 

Lea) ^. (f)  Peotoncnlns  (Limopsis)  minntns,  PhiUppL 

TrigoDOOffilia   ounens,   Conr.  (Nncola  carinifera, 

Lea) (Y)  Nnonla  (TrigonocoBlia)  deltoidea,  Lam. 

Corbiila  onlscns,  Conr.  (0.  Mnrchisoaii,  Lea) C.  rugosa,  Lam. 

TrochiU  trochiformls.  Lea T.  (Calyptrasa)  trochiformis,  Lam. 

TomateUa  bella,  Conr A.iirioala  ( Actteon)  simnlata,  Sow. 

Solarium  omatnm,  Lea • S.  oanalicnlatum,  Lam. 

Niflo  ambUicata,  Lea N.  angusta,  Desh. 

Pymla  trioostata,  Desh P.  tricostata,  Desh.  • 

penita,  Conr.  (P.  triosrinata»  Conr. ;  P.  cancellata. 

Lea;  P.elegantissinusLea) P. nezilis, Lam. 

Cypnedla  fenestralis,  Conr Cyprasa  elegans,  Deflr. 

Oliva  bombylis,  Conr.  (0.  oonstricta,  Lea) (f )  0.  olavnla,  Lam. 

Volnta  limopsis,  Conr • (1)  V.  orennlata,  Lam. 

Cancellaria  tortiplica,  Conr O.  (Baocinnm)  evulsa,  Brand. 

SIgaretns  canaliculatos,  Sow S.  oanalicalatas,  Sow. 

TorbineUa  (Catioella)  Baadoni,  Desh Volnta  Bandoni,  Desh. 

FasaspaohylearaB,Conr (f)  F.  clayellataa,  Lam. 

Plenrotoma  dentioola,  Bast P.  dentlcnla,  Bast. 

aenndnata,  Sow P.  aeuminata,  Sow. 

Taiebra  oonstriota,  Lea • Cerithiam  trilineatam,  PhiL 

Helania  claibomensis,  Heilp • (T)  M.  mixta,  Desh. 

'Fossil  SheUs  of  the  Tertiary  Formations  of  North  America,  1832,  p.  34. 

■  Synopsis  of  the  Orgaaio  Remains  of  the  Cretaceous  Group  of  the  United  StatsSi-lBSl 

'Contributions  to  Geology,  1883,  p.  19. 

•FhUadalphJaAttMLVat.  BoL,  Pxoe.,  toL  M,  1884,  pp.  lOi-lllL 
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A  more  detailed  correlation  of  the  several  divisions  of  the  Eoeene  of 
America  seems  to  the  writer  impracticable.  The  Claiborne  sands 
have  commonly  been  considered  the  eqoivalent  of  the  ^^  Galcaire  Gros- 
sier  "  of  the  Paris  Basin  and  the  Jackson  of  the  "  Barton  Olay  ^  of  £ng- 
land,  while  the  Bulirstone  and  Lig^nitic  have  been  variously  assigned 
to  the  lower  horizons  of  the  Eocene  of  Europe.  It  is  unnecessary 
here  to  refer  in  detail  to  the  extensive  literature  that  has  dealt  with  the 
correlation  of  the  Vicksburg  beds,  which  have  been  by  many  held  to 
represent  the  Oligocene.  As  stated  above,  the  data  are  not  sufficient 
to  solve  the  question  for  or  against  their  equivalence.  In  short,  until 
we  comprehend  more  fully  the  complex  development  of  the  American 
EocenCi  wider  comparisons  must  be  made  with  the  greatest  reserve. 

APPENDIX. 

THS  BRANDON  FORMATION. 

Under  the  name  of  The  Brandon  formation  the  lignitic  beds  of  Ver- 
mont, Pennsylvania,  and  Georgia  are  included,  deposits  whose  taxon- 
omy has  not  been  yet  definitely  determined,  but  which  from  certain 
indications  may  be  provisionally  referred  to  the  Eocene.  It  is  by  no 
means  certain  that  future  observations  will  establish  the  contempora- 
neous formation  of  the  varions  deposits  here  described,  but  with  the 
very  insufficient  data  at  hand  the  strata  appear  at  present  to  be  best 
interpreted  by  referring  them  to  a  common  horizon. 

Prof.  Edward  Hitchcock  was  the  first  to  call  attention  to  the  strat- 
igraphical  importance  of  the  lignitic  beds  of  the  eastern  portion  of 
the  nnited  States.  In  an  article^  in  the  American  Journal  of  Science 
for  1853  he  describes  the  ^' Brown  Goal  deposit"  of  £randon,  Vermont, 
and  employs  the  data  thus  afforded  ''to  determine  the  geological  age 
of  the  principal  hematite  ore  beds  of  the  United  States."  The  associa- 
tion of  the  lignitic  strata  with  beds  of  iron  ore,  kaolin,  and  clay  is 
stated,  and  from  the  occurrence  of  fossil  fruit  similar  to  forms  de- 
scribed frpm  the  "newer  Tertiary"  strata  of  Europe  the  entire  series  is 
assigned  to  that  horizon.  On  this  and  other  grounds  to  be  referred  to 
later,  he  states  that  "  the  Brandon  deposit  is  the  type  of  a  Tertiary 
formation  hitherto  unrecogDized  as  such,  extending  from  Ganada  to 
Alabama."  The  same  conclusion  is  stated  in  a  later  publication,'  in 
which  he  affirms  that  "  no  geologist  has  doubted  that  these  deposits 
were  all  contemporaneous,  but  their  true  age  has  been  a  mystery." 

Hodge,^  who  had  examined  the  iron  ore  deposits  of  western  New 
England,  was  of  the  opinion  that  "  Hitchcock's  Tertiary  theory  of 
these  deposits  has  been  too  hastily  adopted."    Whitney  ^  neverthdess 

>  Am.  Jonr.  Sci.,  2d  ser.,  toL  15, 1853,  pp.  0&-104. 
*  GeoloKy  of  tlie  Globe,  1853,  p.  105. 
■Am.  R.  B.  Jour.  No.  684.  1853. 
«MetaUio  Wealth,  1854,  pp.  460, 4C1. 
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accepted  the  condasions  of  Hitchcock  and  referred  the  brown  hema- 
tites of  wes&rn  Massachasetts  to  the  Tertiary. 

The  possibility  of  a  wide  correlation  of  the  brown  hematite  deposits 
upon  the  data  afforded  by  the  Brandon  lignites  was  strongly  denied  by 
Prof.  J.  P.  Lesley,^  who  dissented  also  from  the  opinion  expressed  by 
Hitchcock  as  to  the  contemporaueons  formation  of  the  deposits  thns 
linked  together.  He  says  '*  there  is  no  sufficient  evidence  npon  the 
ground  at  Brandon,  in  Vermont,  that  brown  hematite,  the  lignite,  and 
the  kaolin  are  related  to  each  other  in  any  such  fixed  way  as  to  insure 
the  fact  that  they  are,  per  se,  and  not  as  a  mere  local  and  exceptional 
deposit,  contemporaneous."  The  author  considers  in  this  paper  that 
the  local  occurrence  of  lignite  at  Brandon  is  to  be  acicounted  for  by 
the  accumulation  of  vegetable  d6bris  in  a  ^<  sink  "  formed  in  the  lime- 
stone. 

Prof.  Hitchcock  *  presents  a  more  exhaustive  discussion  of  the  ques- 
tion in  his  report  on  the  geology  of  Vermont,  in  which  he  reaffirms  his 
previous  claim  as  to  the  contemporaneity  of  the  Brandon  deposits  and 
correlates  the  iron  ore  beds  extending  from  Canada  to  Alabama.  He 
calls  attention  to  the  occurrence  of  these  beds  in  limestone  (Silurian) 
valleys. 

In  an  article  in  the  American  Journal  of  Science  for  1861  Prof.  Les- 
quereux  ^  describes  the  fossil  fruit  of  Brandon  and  compares  certain  of 
the  forms  there  found  with  species  from  the  Lignitic  of  the  southwest. 

In  a  paper  in  the  proceedings  of  the  American  Philosophical  Society 
for  1865  Prof.  Lesley  ^  announces  the  discovery  of  a  deposit  of  lignite 
near  Chambersburg,  Franklin  Gounty,  Pennsylvania,  that  is  closely 
analogous  to  the  Brandon  bed.  He  further  states  that  of  the  many 
localities  mentioned  by  Hitchcock  as  affording  deposits  of  contem- 
poraneous age  this  alone  admits  of  comparison.  The  author  quotes 
Hitchcock  at  length  to  show  that  he  has  included  other  deposits  in 
describing  the  Brandon  lignite  formation.  He  asserts  that  <'  the  lignite 
and  iron  ore  are  neither  of  the  same  age,  nor,  strictly  speaking,  pos- 
sessed of  any  structural  attribute  common  to  both.''  The  iron  ore  beds 
are  considered  Silurian  while  the  lignite  deposit  is  assigned  to  the  late 
Tertiary. 

In  1878  Pro£  Prime '  announced  the  discovery  of  lignite  at  Ironton, 
Lebigh  Gounty,  Pennsylvania,  though  he  referred  it  and  the  associated 
iron  ore  to  the  Glacial  epoch. 

The  discovery  of  lignite  in  Montgomery  Gounty,  Pennsylvania,  was  re- 
ported by  Lewis  ^  to  the  Academy  of  Natural  Sciences  of  Philadelphia 
at  its  meeting  on  September  22, 1879.  A  month  later  a  succinct  review 
of  the  opinions  that  had  hitherto  been  current  in  regard  to  the  age  and 

'Iron  Muiufaotarer**  6iil4e,  1859,  pp.  514,  618,  63ft. 

'Geology  of  Vermont,  vol.  1, 1861,  pp.  226-240. 

■Am.  Jour.  Sci.,  2d  sor.,  vol.  32,  1861,  pp.  SSTi-aSS. 

•Proc.  Am.  Phil.  Soc.,  vol.  9,  1865,  pp.  463-^80. 

■Report  DD.,  2d  Geol. Survey  of  Pennaylvania,  1878, p. 76. 

•  PhllJMlelphiA  Acad.  Nat.  Sol.,  Proo.,  vol.  82, 1880,  pp.  281-39L 
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correlative  yalae  of  the  lignite  beds  was  presented  by  the  same 
writer  who  gave  a  detailed  description  of  the  Montgomery  Oonnty  de- 
posits. As  a  postscript  to  the  published  paper  a  letter  is  printed  firom 
Prof.  N.  A.  Bibikov,  of  Aagasta,  Georgia,  announcing  the  discovery 
of  lignite  in  Richmond  Gonnty  of  that  State. 

Goneerning  the  association  of  the  iron  ore  beds  with  the  lignitic  strata 
as  claimed  by  Hitchcock  and  denied  by  Lesley,  Lewis  says  that  the 
iron  ores  of  this  region  probably  belong  to  four  different  geological 
ages,  and  he  classes  them  as  (1)  Gneissic  ore.  (2)  Primal  ore.  (3)  Ter- 
tiary ore.  (4)  Drift  ore.  He  thas  separates  the  iron  ore  associated 
with  'Hhe  deposits  of  lignite,  plastic  clay,  kaolin,  fire-sand,  etc.,"  firom 
that  which  has  been  heretofore  confounded  either  with  the  primal  ore 
or  with  the  drift  ore.  "  The  discovery  of  lignite  below  it  [the  tertiary 
ore],"  he  says  '*  proves  its  restratification  in  a  later  age  [Tertiary]  than 
the  decomposed  primal  ore  that  is  found  in  place." 

The  term  Brandon  period  is  proposed  by  Lewis  to  designate  the  age 
of  the  lignite  beds.    He  says : 

Since  in  the  present  state  of  onr  knowledge  it  is  obvionsly  ansafe  to  make  the 
age  of  these  lignite  deposits  oontemporaneoas  with  any  exact  geological  epoch,  and 
as  there  is  a  possibility  of  theit  belonging  to  some  period  not  recognized  elsewhere. 

Nevertheless,  he  suggests  that  they  may  be  most  closely  correlated 
with  the  Oligocene  of  European  geologists. 

Vermont — Hitchcock.^  in  the  American  Journal  of  Science  and  later 
in  the  geology  of  Vermont,*  describes^ the  deposits  of  the  type  local- 
ity Brandon,  and  also  "mentions  other  points  in  the  State  where  sim- 
ilar deposits  are  found.  At  Brandon  he  states  that  the  beds,  which 
dip  at  a  high  angle  to  the  northwest,  rest  upon  ^  yellowish  limestone," 
are  associated  with  clay,  kaolin,  and  iron  ore,  and  are  overlaid  by  drift. 
The  lignitic  strata  were  found  to  be  20  feet  in  thickness  at  the  points 
where  they  were  penetrated. 

Lesquerenx^  describes  in  the  American  Journal  of  Science  the  fossil 
fruits  found  at  Brandon,  and  compares  certain  of  the  forms  with  those 
afforded  by  the  Lignitic  of  the  Southwest.  The  following  species  are 
referred  to  by  Lesquereux : 


Carxiolithes  brandoniana  Lea. 

fissilts  Les. 

irregolaris  Les. 

Grayana  Les. 

bnrsseformis  Les. 

venosas  (f )  Stern. 
Carya  verracosa  Les. 

vermontana  Les. 
Fagns  Hitchoockii  Lea. 
Apeibopsis  Eeerii  Les. 

Gaadini  Les. 


Aristolochia  Oeningensia  Heer. 

cnrvata  Les. 

obscnra  Les. 
Bapindns  amerioanos  Lea. 
lUicinm  lignitum  Les. 
Drapa  rhabdosperma  (f )  Les. 
Legaminosites  pisiformis  (f) 
Nyssa  complanata  Les. 

microcarpa  Les. 

Iffivigata  Les. 


■  Am.  Jonr.  Scl.,  2d  ser.,  vol.  15, 1853,  pp.  9(^104. 
*  Qeology  of  Vermont,  toI.  1, 1861,  pp.  226-240. 
>  Am.  Jour.  ScL,  2d  ser.,  toL  32, 1881,  pp.  855-868. 
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Goncerniog  the  other  localities  in  the  State  Hitchcock  ^  says : 

Wherever  we  have  fonnd  brown  hematite  and  nianganoee,  or  bedsof  oobre,  or  pipe 
clay,  white,  yellow,  or  red,  in  connection  with  heda of  coarse  sand  or  grave],  all  lying 
beneath  the  drift  and  resting  on  the  rocks  beneath,  we  have  regarded  the  deposit  as 
an  equivalent  of  that  at  Brandon  Jast  described,  even  though  not  more  than  one  or 
two  of  the  substances  named  be  present. 

Proceeding  upon  these  grounds  he  correlates  the  deposits  of  26  local- 
ities lying  chiefly  along  the  western  slope  of  the  Oreen  Moimtains. 

As  stated  above^  Lesley  cast  doubt  upon  the  analogous  character  of 
these  different  beds.  The  statements  of  Lewis  afford  a  partial  expla- 
nation of  the  phenomena,  but  much  more  careful  investigation  is  needed 
at  the  type  locality,  Brandon,  before  the  relations  of  the  beds  can  be 
fully  comprehended. 

Pennsylvania, — Several  localities  have  been  reported  in  Pennsylvania 
where  lignite  deposits  are  found  under  much  the  same  conditions  as  in 
Vermont.  Lewis*  described  in  considerable  detail  a  section  which  he 
obtained  at  Marble  Bali,  Montgomery  Gounty,  in  an  excavation  sunk 
about  40  feet  into  the  unconsolidated  strata. 

It  is  as  follows : 

Feet 
"Top  dirt  "yellow,  impure 10 

8oft  white  decomposed  hydromica  slate  or  impure  "kaolin,''  containing  occa- 
sional broken  seams  of  sharp  quartzite,  but  no  pebbles 13} 

Coarse  white  sand  and  rounded  pebbles;  apparently  a  decomposed  sandstone....  2 

Tough  mottled  red  clay ^ 

Bine  plastic  clay 7 

Lignite  in  a  very  tough  dark  clay 3 

Coarse  yellow  sand,  with  fragments  of  stony  iron  ore  and  with  pebbles 2 

The  same  locality  had  been  earlier  referred  toby  Lesley,^  but  as  the 
lignite  was  supposed  to  be  Triassic,  its  discovery  was  considered  unim- 
portant. Later,  Lesley  ^  reported  lignite  at  Pond  Bank,  near  Gham- 
bersburg,  Franklin  Gounty,  where  it  occurs  in  two  beds,  the  lower  18 
feet,  the  upper  4  feet  in  thickness.  They  are  separated  from  one  an- 
other by  a  bed  of  sand,  while  clay  and  sand  are  found  above  the  upper 
layer. 

Prime  *  mentioned  in  1878 another  locality,  at  Ironton,  Lehigh  Gounty, 
where  the  lignite  occurs  associated  with  white  clay.  The  parallelism 
of  the  strata  described  by  Lesley  and  Prime  to  those  in  Montgomery 
Gounty  is  given  on  the  authority  of  Lewis.  Both  Lesley  and  Lewis  as- 
sert the  analogous  nature  of  the  Pennsylvania  and  Vermont  deposits. 

■  OeoIoKT  of  Vermont,  toL  1, 1861,  p.  234. 

>  PhiladelpliiA  Acad.  Nat  Sol.,  Proc.,  yol.  82, 1880,  pp.  282-201.     Am.  Aaaoa  Adr.  SoL,  ToL  28^  1880^  pp 
427,428. 

*  Philadelphia  Aoad.  Kat  SoL.  Proo.,  toL  18, 1801,  p.  17. 
«  Am.  PhiL  Boo.,  Proo.,  toL  0, 1885,  pp.  463-482. 

•  Beport  DD,  8d  QeoL  Snrr.  of  Penn.,  1878.  p.  76. 
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Oeargia. — A  locality  in  Georgia  near  Benselia,  Biobmond  Oonnty,  16 
miles  from  Angnsta,  is  described  by  Lewis  ^  from  notes  by  Prof.  K  A. 
Bibikov,  of  Angasta.    He  says  concerning  tbe  locality : 

It  is  described  ae  lying  back  of  tbe  ontorope  of  gneiss  and  limestone,  and  is  appa- 
rently in  a  Tery  similar  geological  position  to  the  Pennsylvania  localily.  Iron  or^ 
plastic  clay,  kaolin,  and  decomposed  sandstone  oooar  with  the  lignite.  *  •  •  The 
fossils  appear  to  be  fragments  of  trees,  grasses,  and  other  land  plants,  none  of  which, 
however,  were  sufficiently  perfect  to  be  determined. 

The  section  is  given  below  in  detail : 

Mottled  day i 4 

Decomposed  sandstone,  with  thin  layers  of  clay  and  nodules  of  pyrite  at  base. ..  24 

Lignite 2 

Shale  and  clay 1 

Lignite 3 

Shale  and  day.... 2 

Lignite 1 

Shale  and  day 3 

Lignite « • 5 

Light-colored  shale  with  fossil  plants 6 

Dark-colored  (bituminous)  shale 1 

White  clay  with  streaks  of  rose  color,  etc 8 

Sandy  clay 1 

Ferruginous  coarse  sand,  with  nodules  of  day-ironstone,  clay  and  quartz  pebbles.  9 

Light-colored  shale 4 

Yellowish  sand 2 

Sandy  clay 8 

White,  very  fine  micaceous  sand,  with  clay 11 

Lewis,  following  in  great  measare  the  opinion  of  Hitchcock,  says 
that  the  localities  previously  described  in  Vermont,  Pennsylvania,  and 
Georgia  ^^  indicate  the  existence  of  a  great  inland  fresh- water  Tertiary 
formation  in  eastern  America  daring  the  Brandon  period,  once  50  miles 
broad  and  nearly  1,000  miles  long."  As  stated  in  the  introduction  to 
this  chapter,  we  have  not  as  yet  sufficient  evidence  to  warrant  such 
broad  generalizations.  Indeed,  the  few  facts  accessible  are  hardly 
indications  of  the  conclusions  cited.  It  seems  more  probable  that  the 
deposits  were  accumulated  in  a  series  of  detached  bogs  and  swamps 
that  had  been  occasioned  by  depression  parallel  to  the  existing  coast 
line. 

The  absence  of  fresh- water  shells  or  remains  of  other  forms  of  life 
than  terrestrial  vegetation  points  to  circumscribed  areas  of  deposition. 

iPhilsdelpUaAosd.Nal  8oL«PnM.,ToLn,  1880,pp.28S-2ll. 


PACIFIC  COAST  REGION. 
PBELIMIKABT  BEMABES. 

The  geology  of  the  Pacific  coast  presents  many  unsolved  problems. 
By  no  means  the  least  among  them  is  the  interpretation  of  the  Eocene. 

By  many  eminent  geologists  the  very  existence  of  .Eocene  strata  on 
the  Pacific  border  has  been  doubted,  while  others  have  included  much 
more  of  the  Coast  Eange  series  within  its  limits  than  is  here  admitted. 
It  will  thus  be  seen  that  the  wide  difference  of  opinion  which  prevails 
among  those  who  have  written  upon  the  geology  of  the  Pacific  coast 
must  occasion  great  difficulty  when  an  attempt  is  made  to  harmonize 
their  statements. 

Meager  though  our  knowledge  is,  certain  characteristic  features  pre- 
sent themselves  which  render  necessary  the  separation  of  the  Pacific 
coast  Eocene  into  two  well  defined  divisions  or  provinces.  The  strata 
of  the  two  divisions,  together  with  their  fossil  contents,  show  the  diverse 
character  of  the  conditions  attending  their  deposition.  In  the  one  case, 
an  open  sea  with  marine  sediments  and  fauna  prevailed ;  in  the  other, 
an  estuary  where  the  deposits  and  life  were  of  brackish-water  origin. 
Stratigraphically  the  relations  of  these  two  divisions  to  one  another  are 
not  known,  and  as  the  conditions  attending  the  accumulation  of  the 
deposits  were  so  dilQEerent  the  fossils  are  in  no  case  identical.  The 
marine  deposit  has  been  found  in  isolated  regions  from  southern  Cali- 
fornia to  Washington,  and  has  been  named  the  Tejon  grouj)  by  Prof. 
J.  D.  Whitney'  from  its  type  locality,  Fort  Tejon,  California.  The 
brackish- water  deposit  has  only  been  recognized  in  northern  Washing- 
ton, where  it  occurs  in  two  distinct  areas  on  the  eastern  and  western 
flanks  of  the  Cascade  Mountains.  It  has  been  called  the  Puget  group 
b5^Dr.  C.  A.  White.* 

The  correlation  of  the  Eocene  of  the  Pacific  coast  with  that  of  the 
Atlantic  border  is  rendered  difficult,  due  to  the  marked  difference  in 
the  specific  characteristics  of  the  fauna  as  a  whole,  though  sufficient 
similarity  exists  in  generic  and  family  types  to  admit  of  broad  com- 
parison. In  the  succeeding  pages  the  history,  stratigraphy,  and  corre- 
lation of  the  Pacific  coast  Eocene  will  be  considered. 

>  Geobgioil  Surrey  of  CaIifonilA»  PAleontology,  toL  8, 1860^  p^  8. 

.Joiir.SoL,8dMr.,TdL8e,1888,p.448|  U.&G«6L8iirTHB«n.il»UHk9.^ 
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The  earliest  investigations  of  the  later  geological  formations  of  the 
Pacific  coast  were  condactedby  the  Wilkes  exploring  exx>edition  nnder 
Prof.  James  D.  Dana,^  in  the  year  1846,  when  large  collections  of  Ter- 
tiary fossils  were  made  near  Astoria.  Oregon.  The  fossils  were  de- 
scribed and  referred  by  Conrad  to  the  Miocene,  althongh  later  considered 
by  the  same  aathority  to  be  Eocene.* 

In  an  article  in  the  American  Journal  of  Science  for  1848,  Gonrad' 
describes  14  new  species  from  the  same  locality,  while  Sbnroard,^  in  the 
Transactions  of  the  Academy  of  Science  of  St.  Lonis,  later  adds  a  few 
more. 

An  important  contribution  to  the  Eocene  of  Galifomia  was  made  by 
Oonrad'  in  1855,  in  the  Pacific  Bailroad  Reports.  He  describes  a  groap 
of  fossils  he  considers  to  be  Eocene,  which  Blake  had  discovered  in  a 
bowlder  at  the  month  of  the  Cafiada  de  las  Uvas,  in  southern  Galifomia. 

The  succeeding  year  Trask^  read  before  the  California  Academy  of 
Natural  Sciences  a  paper  entitled  a  ''  Description  of  a  new  species  of 
Ammonite  and  Baculite  irom  the  Tertiary  Bocks  of  Ohico  Greek,"  in 
which  he  expresses  views  that  have  especial  interest  on  account  of  the 
opinions  subsequently  held  as  to  the  geological  range  of  those  forms  in 
the  Coast  Bange  series. 

The  geological  survey  of  California,  conducted  by  Prof.  J.  D.  Whit- 
ney, published,  in  1864,  Paleontology,  vol.  1,  in  which  the  Cretaceous 
fossils  are  described  by  W.  M.  Gabb.''  In  this  work  Oabb  divides  the 
Cretaceous  into  Divisions  A  and  B,  the  latter  (B)  including  the  fauna 
previously  referred  by  Conrad  to  the  Eocene.  He  also  mentions  the 
range  of  species  from  Division  A  into  Division  B. 

A  review  of  this  work  was  published  by  Conrad^  in  the  American 
Journal  of  Gonchology  in  which  he  states  that  ^^Mr.  Gabb  has  in 
eluded  the  rock  of  Canada  de  las  Uvas,  which  contains  Venericardia 
planicoata  and  Aturia  zic-zac,  in  the  Cretaceous  series,  but  he  has  failed 
to  show  one  Cretaceous  fossil  from  that  rock  [B]."  In  regard  to  the 
divisions  of  the  Cretaceous  strata  (A  and  B),  proposed  by  Gabb,  Con- 
rad says  further,  ^'The  former  [A]  is,  doubtless  Cretaceous,  and  the 
latter  [B],  I  am  sure,  will  prove  to  be  Older  Eocene." 

Gabb'  replies  to  Conrad's  criticism  in  a  paper  published  in  the  suc- 
ceeding volume  of  the  same  journal,  in  which  he  denies  that  <<he  has 
failed  to  show  one  Cretaceous  fossil  from  that  rock    [B]."    He  gives  a 

1  Wilkes  Exploring  EzpeditioD,  vol.  10, 1849,  pp.  61l-e7a. 

*  Am.  Jour.  Conch.,  roL  1,  1886,  p.  160. 

*  Am.  Jour.  Soi.,  2d  ler.,  toL  6, 1848^  pp.  482-488. 

*  St.  Louis  AoAd.  SoL,  Trans.,  voL  1, 1858,  pp.  120-126. 

*  Preliminary  BeportPaolfic  Bailroad  Surveys,  Paleontology,  8to,  1856^  { PaoUte  BaUioad  Bepocti^ 
4to,  ToL  5. 1866,  pp.  817-829. 

*  Galifomia  Aoad.  Kat  SoL,  Proo.,  ToL  1 ,  1856,  pp.  93-88. 

'  GeoL  Survey  California^  Paleontolofsy,  toL  1, 1664»  ppk  66-fi4 
■Am.  Jew.  OoMb.,  VOL  1, 1868^  pp.  863-866. 
•IbAd.»ToL  3;  1866k  pp.  87-M. 
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list  of  14  species  that  are  common  to  the  two  divisions  (A  and  B),  and 
sabsequently  proceeds  to  show  the  Oretaceous  character  of  some  20 
X)ther  forms. 

A  few  pages  later  Oonrad^  defends  his  earlier  position  in  regard  to 
the  age  of  the  strata  in  question  and  states  that  Oabb  has  only  suc- 
ceeded in  referring  ^'one  exclusively  Oretaceous  genus  tq  that  divis- 
ion." As  regards  the  presence  of  similar  faunal  characters  in  the  two 
divisions,  he  suggests  in  a  footnote  the  explanation  that  ^^the  Lower 
Eocene  beds  of  Jamaica  contain  masses  of  Oretaceous  limestone,  and 
it  may  be  that  the  Oalifornia  Lower  Eocene  strata  contain  similar 
masses."  Oonra<l  considers  the  several  forms  which  are  held  by  Gabb 
to  prove  the  Oretaceous  age  of  the  deposits  and  shows  many  of  them 
to  be  Tertiary  in  character. 

The  year  following  the  appearance  of  Paleontology,  vol.  1,  of  the 
Geological  Survey  of  Oalifornia,  Professor  Whitney  published  Geol- 
ogy, vol.  1.  In  this  work  the  characteristics  of  the  Upper  Oretaceous 
(Division  B — Eocene)  are  described  in  detail,  and  although  depending 
upon  the  conclusions  of  Gabb  for  the  taxonomy  of  the  deposits,  he 
l>resent8  an  important  r6sum6  of  the  stratigraphical  features  of  the 
beds. 

In  18d6  there  appeared  in  the  Smithsonian  Miscellaneous  Oollections 
a  *<  Oheck  list  of  the  Invertebrate  Fossils  of  North  America — ^Eocene 
and  Oligocene — by  T.  A.  Oonrad."  The  species  placed  by  Gabb  in 
divison  B  of  the  Oretaceous  together  with  five  common  to  A  and  B  are 
included  in  the  Eocene. 

At  a  meeting  of  the  Oalifornia  Academy  of  Natural  Sciences  in 
November,  1866,  a  paper  by  Gabb'  ^^On  the  Subdivisions  of  the  Ore- 
taceous Formation  in  Oalifornia  "  was  read,  in  which  omissions  in  Oon- 
rad's  Oheck  List  irom  his  series  of  fossils  from  division  B  are  men- 
tioned. In  this  article  the  author  restates  his  previous  position  in 
greater  detail  than  before  and  gives  a  table  showing  the  geological 
range  of  the  different  species.  He  enumerates  sixteen  forms  common 
to  the  upper  and  lower  divisions. 

Two  articles  appeared  in  the  American  Journal  of  Science  tor  1867, 
by  Gabb^  and  Oonrad ^  In  the  first,  Gabb  gives  the  substance  of  his 
paper  before  the  Oalifornia  Academy  of  Natural  Sciences ;  while  in  the 
second,  Oonrad  defends  himself  against  the  charges  preferred  by  Gabb 
in  his  latest  publications,  and  at  the  same  time  cjaims,  as  in  earlier 
papers,  that  '^  any  evidence  so  far  is  wanting  to  prove  the  strata  in 
question  Oretaceous,  and  as  the  group  of  foissils  is  so  decidedly  Tertiary 
in  their  forms  and  some  species  identical,  I  am  forced  to  the  conclusion 
of  their  Eocene  origin." 

>  Am.  Joar.  Conoh.,  toL  2, 1866,  pp.  97-100. 
•California  Acad.  Nat  SoL,  Proa.  roL  8, 1867,  pp.  801-801 
•Am.  Joar.  SoL,  2d  ser.,  yoL  44, 1887,  pp.  22^-820. 
«11>id.,  pp.  876^877. 
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In  the  pre&ce  to  Paleontology,  volame  2  of  the  (Geological  Sarvey 
of  OaliforniA,  Professor  Whitney  proposes  the  name  Tejon  Group  for 
Division  B  of  Gabb's  Oretaceous,  from  its  charaoteristio  occarreiice  in 
the  vicinity  of  Fort  Tejon.^    Other  important  localities  are  referred  ta 

Two  short  articles  by  J.  G.  Cooper  on  the  Eocene  of  Oalifomia  ap- 
peared in  the  Proceedings  of  the  California  Academy  of  Science*  for 
1874,  in  which  the  opinions  expressed  by  Gabb  and  Conrad  are  com- 
mented on. 

A  very  important  coDtribntion  to  the  geology  of  the  Pacific  coast 
was  published  in  the  Eeport  of  the  Chief  of  Engineers  for  1876  by  Prof. 
Jules  Marcou,'  being  part  of  the  Annual  Report  of  the  Geographical 
Surveys  West  of  the  Que  Hundredth  Meridian.  The  writer  defends 
the  position  taken  by  Conrad,  but  goes  further  in  that  ho  includes  in 
the  Eocene  the  Chico  group,  upon  which  the  Tejon  group  conformably 
rests.    In  regard  to  the  latter  he  says : 

I  was  not  able  to  find  a  single  Cretaoeons  fossil,  nor  even  any  tme  Cretaoeoiu 
generic  forms  in  the  entire  formation ;  and  I  am  altogether  of  the  opinion  expressed 
by  Mr.  Conrad,  many  years  before  Mr.  Gabb,  in  volnme  5  of  Paoifio  Railroad  Explora- 
tions, pages  318-320  et.  seq.,  who,  Jndging  from  certain  fossils  found  In  an  isolated 
block  at  the  entrance  of  the  Ca&ada  de  la  Uvas,  has  yery  Jadicionsly  referred  these 
rocks  to  the  Eocene-Tertiary  formation. 

He  further  considers  them  upper  Eocene. 

Prof.  Dana,^  in  the  revised  edition  of  his  Manual  of  Greology  like- 
wise asserts  the  Tertiary  age  of  the  Tejon  series  and  refers  the  same  to 
the  Lignitic  or  Lower  Eocene. 

Heilprin,'  in  1882,  in  a  communication  to  the  Academy  of  Natural 
Sciences  of  Philadelphia^  <^  On  the  occurrence  of  Ammonites  in  deposits 
of  Tertiary  age,  "  states  the  resultis  of  an  investigation  of  the  original 
types  described  by  Gabb  in  the  reports  of  the  Geological  Survey  of  Cal- 
ifornia.   He  says: 

That,  with  the  exception  of  one  solitary  fragment  of  an  ammonite,  there  was,  to 
his  knowledge,  not  a  siogle  distinctively  Cretaceous  type  of  organism  to  be  found  in 
all  the  rock  fragments,  bnt,  on  the  contrary,  several  genera,  distinctively  Tertiary, 
and  not  known  anywhere  to  have  appeared  before  that  period. 

In  the  same  volume  of  the  Proceedings  of  the  Academy  of  Natural 
Sciences  of  Philadelphia,  Prof.  J.  S.  Newberry*  replies  to  Prof.  HeU- 
prin.  He  considers  the  evidence  brought  forward  for  the  Tertiary  age 
of  the  Tejon  group  not  sufficient  to  overthrow  the  conclusions  of  Gabb 
and  Whitney,  who  had  the  advantages  of  exhaustive  study  in  the  field. 
Dr.  Newberry  adds,  '*  but  there  are  many  species  common  to  the  Tejon 
and  Ohico  groups,  and  where  one  goes  the  other  must  follow." 


>Geol.  SoTT.  Oalifornia,  PaleontoloKy.  vol  2,  18S9,  p.  xiU. 
•CallfornU  Aoad.  SoL  Proo.,  vol.  5, 1874,  pp.  41iM2U  422. 
*B«port  of  the  Chief  of  EnKinoers  for  1876,  Part  in,  pp.  378-8811 
^Hannal  of  Geology,  reTiaed  edition,  1880,  pp.  401, 508. 
•Philadelphia  Aoad.  Nat  Sol.,  Pioc,  vol  34^  1882,  p.  H. 
•Ibid.,  pp.  194, 196. 
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In  alater  article  ^'  On  the  Age  of  the  Tejon  Bocks  of  Oalifornia  and  the 
occurrence  of  Ainmonitic  Remains  in  Tertiary  Deposits'^  Heilprin^  re- 
views very  critically  the  conclasions  of  Gabb  and  shows  many  errors 
in  the  statements  of  that  writer.    In  conclusion  he  says : 

We  believe  it  has  been  satisfactorily  shown  from  what  has  preceded,  that  the  rooks 
of  the  Tejon  groap  (Cretaceous,  Diy.  B.,of  the  California  Saryey),  despite  their  com- 
prising in  their  contained  fannas  a  limited  number  of  forms  from  the  subjacent  (Cre- 
taceous) deposits,  and  a  few  undoubted  representatiyes  of  the  Ammonitid»  axe  of 
Tertiary  (Eocene)  age,  and  for  the  following  reasons : 

I.  The  large  percentage  (about  80,  or  possibly  considerably  more)  of  specific  forms 
that  are  peculiar  to  the  group,  or,  at  least  are  not  found  in  the  older  deposits ; 

II.  The  large  proportion  of  generic  forms  (33  out  of  77)  that  are  not  represented  in 
the  underlying  or  older  strata  ; 

III.  The  presence  of  twenty-two  more  or  less  distinctively  Tertiary  genera :  Anoil- 
laria,  Bulla,  Bull»a  (Megistomata),  Bullia^  (s.  g.  Holopophorus),  Conns,  Crepidula, 
Cassidaria,  Cancellaria,  Cypr»a,  Flcns  (Ficopsis).  Gadus,  Mitra,  Miissa,  Niso,  Olivella, 
(or  Oliva),  Pseudoliva,  Rimella,  Sigaretus  (or  Naticina),  Terebra,  Triton,  Trochita, 
and  Typhis. 

IV.  The  marked  absence  (with  the  exception  of  about  a  half  a  dozen  fragments  or 
specimens  of  Ammonitidn)  of  distinctively  Cretaceous  organic  types. 

y.  The  identity  or  close  analogy  existing  between  several  of  the  specific  forms  and 
their  representatives  from  other  well  determined  Tertiary  (Eocene)  deposits. 

In  an  article  entitled  ^^I^ote  sur  la  Geologic  de  la  Galiforuie"*  Prof. 
Jules  Marcou  restates  his  grounds  for  including  the  entire  Ohico-Tejon 
series  in  the  Eocene. 

In  ^<  Notes  on  the  Mesozoic  and  Genozoic  Paleontology  of  Galifornia" 
Dr.  G.  A.  White^  reviews  the  paleontological  evidence  presented  in  the 
Ghico-Tejon  series  and  says : 

I  think  the  evidence  which  has  been  adduced  to  show  the  Eocene  age  of  the  upper  or 
Tejon  portion  of  the  Chico-Tejon  series  is  as  conclusive  as  any  evidence  of  that  kind 
can  be.  Mow,  if  we  apply  the  paleontological  standard  for  indicatiug  the  age  of 
formations  which  is  generally  accepted  by  geologists,  we  necessarily  refer  the  fossils 
of  the  lower  or  Chico  portion  of  that  series  to  the  Cretaceous. 

The  more  detailed  reasons  for  these  conclusions  will  be  examined  in 
the  next  chapter. 

In  a  later  bulletin  the  same  writer*  considers  *'  The  Occurrence  of 
Cardita  planicosta  Lamarck  in  western  Oregon."  He  cites  its  discovery 
at  Albany,  Willamette  Valley,  Oregon,  in  a  well-digging. 

In  "  Notes  on  the  Stratigraphy  of  Galiforuia'^  Dr.  Becker*  mentions 
the  conformity  that  is  found  between  all  the  beds  from  the  Ghico  to  the 
Miocene. 

In  "A  Eeport  of  the  Goal  Fields  of  Washington  Territory'^  Mr. 
Bailey  Willis^  describes  deposits  in  the  vicinity  of  Puget  Bound,  on  the 

>  Philadelphi*  Aoad.  Nat.  Sol.,  Pro&,  rol.  84, 1882,  pp,  lfM-214.    Reprinted  in  **  ContrlbaUons  to  tho 
Tertiary  Geology  and  Paleontolof(y  of  the  United  States,"  1884,  pp.  102-117. 
■Bulletin  de  la  Sooi6t6  sdologiqae  de  France^  9*  8eri6.  tome  11, 1883,  pp.  416^  41dw 
*n.  &  GeoL  Sarr.,  BolL  15^  188S.  p.  16L 
«  U.  &  Oeol.  Snrr.,  Boll.  18, 1885,  pp.  7-9. 
•  U.  a  OeoL  SarT.,  BaU.  19, 1880^  PP.  ia>  16^  17. 
•TflBtkCensnaof  the  United  Statea,  toLIS.  mneralLidiialilea,  1885^  pp.  799-771. 
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Green  Biverand  at  WilkesoD,  and  also  on  the  east  slope  of  the  Oaseade 
Mountains,  that  he  considers  to  be  representatives  of  the  Laramie  forma- 
tion. The  evidence,  chiefly  derived  from  the  fossil  flora,  is  given  on 
the  authority  of  Prof.  J.  S.  Newberry. 

In  the  American  Journal  of  Science  for  1888  Dr.  O.  A.  White^  char- 
acterizes the  Puget  group  and  indicates  its  relations  to  the  Laramie 
formation  on  the  one  hand  and  the  Ghico-Tejon  series  on  the  other. 
The  estuarine  character  of  the  fauna  is  commented  on.  The  discoveiy 
of  marine  Eocene  fossils  on  the  Dwamish  Biver  is  also  adverted  to. 

In  a  later  publication'  <^  On  Invertebrate  Fossils  from  the  Pacific 
Goast"  Dr.  White  describes  the  Puget  group  in  greater  detail,  and 
gives  new  localities  in  Oregon  and  Washington  where  the  Ohico-Tejoa 
series  is  represented. 

From  this  brief  outline  of  the  literature  upon  the  Pacific  coast  Eocene 
it  will  be  observed  that,  except  at  a  very  few  isolated  points  the  depos- 
its have  not  been  examined,  and  that  even  many  of  those  who  have 
written  upon  the  subject  have  had  little  opportunity  for  close  observa- 
tion of  the  strata.  As  might  be  expected,  our  knowledge  of  the  Pacific 
Coast  region  is  but  fragmentary,  and  much  detailed  work  remains  to  be 
done  before  the  many  diverse  opinions  expressed  will  be  fully  harmon- 
ized. 

STBATIOBAFHIOAIi  AND  PALEONTOLOGIOAL  OHABAOTEBISTICS. 

W^  have  but  few  facts  to  guide  us  as  to  the  distribution  of  the  Eocene 
upon  the  Pacific  Ooast.  That  it  extends  more  or  less  widely  along  the 
east  flank  of  the  Goast  Bange  is  known  from  several  isolated  exposures 
that  have  been  examined  in  central  and  southern  Galifornia,  and  that 
it  is  not  absent  even  farther  north  is  proved  by  the  discovery  of  fossils 
in  Oregon  and  Washington.  To  what  extent  the  strata  of  these  sep- 
arate districts  may  be  continuous  it  is  difficult  to  judge  on  account  of 
the  lack  of  data  upon  which  to  base  conclusions. 

As  stated  in  the  introduction,  two  clearly  defined  divisions  have  been 
recognized  in  the  Eocene,  the  one  marine,  the  other  brackish  water  in 
character.  The  former,  called  the  Tefon  graup^  is  found  represented 
in  Galifornia,  Oregon,  and  Washington ;  the  latter,  the  Puget  groupj  in 
Washington  alone.  Stratigraphically  and  paleontologically,  no  direct 
ground  for  comparison  is  afforded,  but  that  the  two  groups  are  proba. 
ably  wholly  or  in  part  synchronous  will  be  later  shown. 

THE  TEJON  GROUP. 

TheTejon  group,  first  so  called  by  Prof.  Whitney,  is  typically  developed 
in  the  vicinity  of  Fort  T^on,  Kern  Gounty,  Galifornia.  From  this  point 
the  strata  extend  northward  and  southward  along  the  eastern  flank 

>  Am.  Jour.  Sol..  8d  ser.,  toL  SO,  1888»  pp.  448-450. 
•U.  S.  Q«oL  Sury.,  BulL  61, 1889,  pp.  U-3^ 
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of  the  Coast  Bange  Moant^ins.  They  form  a  narrow  belt,  freqnently 
iuterrupted  as  the  result  of  denudation  and  volcauic  outflows,  though 
much  of  the  irregularity  is  held  to  be  ^<due  to  organic  irregularity  of 
the  coast  lines  of  tlie  sea  in  which  these  strata  were  deposited."  ^ 

To  the  north  of  Fort  Tejon  the  strata  are  prominently  developed  near 
New  Idria,  where  they  have  been  investigated  by  Dr.  White.*  In 
Contra  Costa  County  a  continuous  belt  extends  from  near  Marshes  to 
Martinez,  while  to  the  north  of  the  Central  Pacific  Railroad  the  Tejon 
group  is  not  known  to  appear  again  within  the  State  of  California.' 
In  Oregon  it  has  been  found  at  Albany,  in  the  Willamette  Valley,  and 
in  the  vicinity  of  Coos  Bay,  Cape  Arago.  Certain  strata  near  Astoria 
are  doubtfully  referred  by  Dr.  White^  to  the  same  horizon,  the  presence 
of  which  later  investigations  by  Dr.  W.  H.  Dall  have  fully  established. 
Strata  with  marine  fossils,  many  of  them  identical  with  those  of  the 
Tejon  group  of  California,  have  been  found  on  the  Dwamish  Biver,  in 
Washington,  and  have  been  considered  to  represent  that  formation  in 
the  extreme  north. 

It  will  thus  be  seen  that  the  marine  Eocene  strata  have  been  estab- 
lished at  many  localities  along  the  Pacific  coast,  and  do  not  form  an  un- 
important member  in  the  Coast  Bange  series.  The  deposits  are  chiefly 
conglomerates,  sandstones,  and  shales,  in  which  beds  of  lignite  are  not 
infrequently  intercalated,  and  which  less  often  contain  bands  of  cal- 
careous rock.  The  strata  of  the  Tejon  group  conformably  overlie  the 
next  older  or  Chico  group,'  and  are  in  turn  conformably  overlain  by 
the  Miocene,  a  relationship  which  was  first  recognized  by  the  members 
of  the  California  Geological  Survey  and  since  substantiated  by  White 
and  Becker. 

The  strata  of  the  Tejon  group  in  the  vicinity  of  Fort  Tejon,  at  the 
entrance  to  the  Canadas  de  las  TTvas  and  de  los  Alisos,  consist  chiefly 
of  sandstones  and  conglomerates. 

The  conglomerates  are  very  coarse,  containiDg  many  bowlders  from  3  to  6  inches 
in  diameter  of  granite  and  metamorphic  rooks.  *  *  *  Portions  of  the  sandstones 
are  very  fossiliferons  and  the  shells  in  beautiful  preservation.  •  •  •  The  strata 
are  very  mnch  distnrbed,  both  dip  and  strike  being  very  variable,  the  former  varying 
from  northwest  and  southeast  to  northeast  and  southwest,  while  the  dip  is  sometimes 
to  the  north  and  again  to  the  south  and  generally  at  a  high  angle.' 

It  was  from  this  locality  that  Conrad  received  the  fossils  described 
in  volume  5  of  the  Pacific  Eailroad  reports,  and  from  whence  Gabb 
also  obtained  many  of  the  forms  referred  by  him  to  Division  B  of  the 
Cretaceous,  in  the  paleontological  publications  of  the  California  Geo- 
logical Survey. 

>  U.  S.  Geol.  Snrv.,  Bull.  51. 1889,  p.  29. 
»  U.  S.  Geol.  Surv.,  BalL  15, 1885. 

*  U.  S.  Qeol.  Sarr.,  Ball  51, 1889,  p.  29.    (Whitney  and  Oabb,  howerer,  mention  localities  In  Lake  and 
Mendocino  counties.) 

*  U.  8.  Geol.  Snrr.,  Bull.  51,  pp.  31-32. 

*  The  Martinez  group  of  Gabb  Is  considered  part  of  the  Chloo  gioiip* 

*  Geol.  Sarr.  Califomiai  Geology,  toL  1,  pp.  190, 191. 
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In  regard  to  the  Btratigraphical  relations  of  the  Tejon  group  to  the 
Ohico  groap  on  the  one  hand,  and  the  Miocene  on  the  other,  White' 
and  Becker*  present  some  valuable  data  from  the  vicinity  of  New  Idria. 
The  former  says  in  regard  to  the  Ghico-Tejon  series  of  that  locality, 
that  the  strata  are  mainly  sandstones  and  sandy  shales,  and  adds: 

Tbey  dip  to  the  northward,  the  angle  of  dip  being  high  near  their  contact  with 
the  metamorphic  series  upon  which  they  rest  nnoonformably ;  hot  the  dip  materially 
diminishes  to  the  northward.  From  the  contact  with  the  metamorphic  aeries  before 
mentioned  the  thickness  of  this  whole  strata  is  estimated  to  be  aboat  10,000  feet. 

Dr.  White  further  says: 

The  whole  assemblage  of  strata,  nearly  2  miles  in  thickness,  forms  one  eontinnoos 
series  frum  top  to  bottom,  and  the  sedimentation  which  resulted  in  the  prodaclion 
of  these  strata  was  uninterrupted  from  the  beginning  to  the  end  of  the  time  in  which 
it  occnrred.  *  *  *  Although  this  New  Idria  series  is  understood  to  be  practically 
an  unbroken  one,  there  is,  near  its  middle,  a  recognizable  change  in  the  aspect  of 
the  strata,  so  that  in  appearance,  and  to  some  extent  in  the  character  of  the  stratifi- 
cation, the  upper  half  differs  from  the  lower  half.  So  far  as  can  be  determined,  this 
indistinct  line  accords  with  the  necessarily  artificial  division  that  has  been  made  of 
the  series  into  the  Chico  and  Tejon  groups,  since  the  series  is  recognized  as  contain- 
ing only  these  two  groups,  and  the  line  of  demarkation  between  them,  as  before  shown, 
can  not  be  expected  to  be  distinct.  •  •  *  still  the  intimate  relation  of  the  Chico 
and  Tejon  groups  for  this  particular  locality  is  well  shown  by  the  unbroken  character 
of  the  series  of  strata  which  here  constitutes  both  groups. 

Dr.  Becker  says  in  this  connection  that  ^*  the  Tejon  strata  of  New 
Idria  are  mostly  heavy-bedded  sandstones  of  a  peculiarly  light  color, 
which  thus  distinguishes  them  from  the  tawny  Chico  sandstones." 

At  the  same  time  the  evidence  for  the  Eoceue  age  of  the  Tejon  gronp 
is  shown  by  Dr.  White  from  the  stratigraphical  position  of  the  deposits. 

He  says : 

The  opinion  that  the  Tejon  group  really  represents  the  Eocene  is  further  supported 
in  that  no  other  representative  of  the  strata  of  that  epoch  has  been  discovered  in 
California,  and  also  the  Miocene  strata  every  where  rests  conformably  upon  the  Tejon. 
This  conformity  was  recognized  by  the  members  of  the  State  Geological  Survey  of 
California,  and  it  has  also  been  observed  in  numerous  cases  by  Dr.  Becker,  as  well  as 
in  several  instances  by  myself.  One  of  these  observations  I  made  at  the  well  known 
Tejon  and  Miocene  locality  at  the  head  of  Vallecitos  Cation,  near  the  place  mentioned 
as  'JGriswold'Mn  the  California  reports,  which  is  only  a  few  miles  irom  the  New 
Idria  locality  just  referred  to.  I  then  satisfactorily  traced  the  strata  from.oue  forma- 
tion to  the  other,  and  found  that  not  only  is  the  conformity  of  the  two  formations 
with  each  other  clearly  apparent,  but  no  break  in  the  order  of  stratification  could  be 
detected  between  those  layers  which  contain  characteristic  Tejon  fossils  on  the  one 
hand  and  those  which  contain  equally  characteristic  Miocene  fossils  on  the  other. 
In  short,  I  found  no  room  there  for  the  existence  of  any  Eocene  strata  other  than  the 
Tejon. 

In  regard  to  the  stratigraphical  relationship  of  these  beds  at  New 
Idria,  Dr.  Becker  also  says,^  *<The  Miocene  seems  as  strictly  conformable 
with  the  Tejon  as  this  with  the  Chico.'' 

>U.8bOeoLSiinr..Bii]Ll&.  •lT.aaeoLSiirT.,Bii]L  Ul 

■  v.  B.  GmL  Sunr.,  Boll.  19. 1886i,  p.  17. 
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In  Contra  Costa  County  the  Tejon  group  is  prominently  exhibited^ 
as  a  thick -bedded  sandstone,  with  layers  of  carbonaceous  matter  of 
sufficient  thickness  to  afford  workable  seams  of  coal.  The  relationship 
of  the  beds  is  similar  to  that  before  mentioned  for  the  region  of  New 
Idria.  Prof.  Whitney  states*  that  "all  these  strata,  from  the  Creta: 
ceous  up  to  the'^post-Pliocene,  appear  to  be  perfectly  conformable  to 
each  other.''    Dr.  Becker*  says  upon  the  same  point: 

The  stratigraphical  relations  •  ♦  •  show  a  continnoas  sedimontation  •  •  • 
between  the  Chico  and  Tejon.  Between  the  Tejon  and  Miocene  there  is  nowhere 
any  suggestion  of  a  nonconformity.  *  *  *  At  Mount  Diablo,  for  example,  the 
Miocene  seems  as  strictly  conformable  with  the  Tejon  as  this  with  the  Chico. 

In  regard  to  the  position  of  the  strata  Dr.  Becker^  further  says: 

« 

Mount  Diablo  and  the  snrronnding  country  consist  of  a  core  of  metamorphic  rock, 
inclosed,  nearly  or  quite  quaquaversally  by  rocks  of  Chico  and  Tertiary  age.  *  *  * 
The  overlying  Chico,  Tejon,  and  Miocene  strata  are  tilted,  but  otherwise  compara- 
tively undisturbed.  Over  wide  areas  these  three  series  seem  to  be  perfectly  con- 
formable, nor  is  there  any  case  known  on  the  Pacific  coast  where  there  seems  any 
ground  for  suspecting  a  nonconformity  within  these  limits. 

To  the  north  of  Mount  Diablo,  in  the  vicinity  of  Martinez,  the  Tejon 
group  is  prominently  represented  by  sandstones  that  dip  southwest  at 
an  angle  of  35^  to  60^. '  This  locality  furnished  a  large  number  of  the 
fossils  described  by  Gabb. 

The  Tejon  strata  of  Oregon  have  been  found  in  a  few  widely  sepa- 
rated localities  in  the  central  and  northern  portions  of  the  State.  The 
most  southern  yet  observed  is  on  Ooos  Bay,  In  the  Willamette  Valley, 
at  Albany,  the  Tejon  occurs  as  an  <^ indurated  dark  colored  shale  which 
was  found  a  few  feet  beneath  the  surface  of  the  ground  in  digging  a 
cistern."  Inregard  to  the  age  of  the  deposits  at  Astoria  Dr.  White  en- 
tertains doubts,  though  he  considers  it  probable  that  the  Eocene  is  rep- 
resented. Dr.  Dall  has  more  recently  established  the  presence  of  the 
Eocene  at  this  point.  He  has  found  it  overlain  by  Miocene  and  states 
that  a  misunderstanding  as  to  the  stratigraphical  relations  of  the  beds 
has  hitherto  existed.  The  Eocene  is  found  to  consist  of  a  thin  band 
of  argillaceous  material,  through  which  numerous  calcareous  nodules 
are  scattered,  at  the  center  of  which  fragments  of  shells  are  generally 
found. 

The  stratigraphy  of  the  beds  on  the  Dwamish  Biver,  in  Washington, 
have  been  studied  by  Bailey  Willis  in  reference  to  their  relationship  to 
the  Puget  group  and  found  to  afford  no  data  for  connection  with  the 
strata  of  that  formation.  As  in  the  Oregon  localities,  a  comparison 
of  the  deposits  with  those  of  other  areas  is  based  on  the  similarities 
afforded  by  the  fossils  rather  than  on  stratigraphical  grounds. 

Having  thus  briefly  reviewed  the  more  striking  stratigraphical  fea- 

■  GeoL  Snr? .  CalifornU,  Geology,  toL  2, 1864,  p.  SI. 
>  U.  S.  GeoL  Surv..  BnlL  19, 1888^  pp.  Ub  IT. 
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AmmonitMingAliiQabl). 

Typhi!  MitJqnuB  Qabb. 

Fii«DS  Marti  nezeiiBis  Qabb. 

F.  Mathnwaoali  Oabb. 

F.  diaboU  Oalib. 

F,  aalifomionB  Con.,  ap. 

1  Neptnnea  aaprapUcata  Oabb. 

Neptiinea  oretaoeaOabb. 

Periwolax  Blake  Con.,  sp. 

Suronla  prBatteniiata  Qabb. 

8.  aincnata  Qabb. 

S.  olay toueiiHlt  Qabb. 

S.  TaricoaUta  Oabb. 

Beta  clathrata  Qabb. 

Cordiera  mioroptygma  Oabb. 

TritonJQm  dietcoAnalB  Qabb. 

T.  tejonensie  Qabb. 

T.  fnsi  forme  Oalili. 

T.  Hornii  Qabb. 

T.  pancivaricatam  Oabb. 

T.  Wbitoeyi  Oabb. 

T.  californloam  Qabb. 

BraohfHpbingae  liratas  Qabb. 

B.  sinnatnaQabb. 

BnlliaatiiaUOabb. 

Kaasa  oretaoea  Oabb. 

N.  sDtlqnata  Oabb. 

PaendollTa  lineata  Qabb. 

P.  Tolatmrormia  Qabb. 

OliTella  Matbewsonii  Oabb. 

ADoillaria  elooKata  Qabb. 

I  Faaololaria  IsTiiuctila  OabK 


NeveriU  aeota  Qabb. 
N.  globosa  Qabb. 
Naticina  obliqaaOabb. 
Enapira  alveata  Con.,  ap. 
Horio  tnbercnlatQB  Gabb, 
Boalaria  Hathewaonii  Qabb. 
Terebra  oalifornica  Qabb. 
HiHopolitaOabb. 
CeritbiopsiH  altemata  Qabb. 
Azcbit«otoDicB  cognata  Qabb. 

A.  Hornii  Qabb. 
Canns  Eemandii  Qabb. 
C.  Hornii  Qfbb. 
Bimella  canalifera  Qabb. 

B.  aimplez  Oabb. 
Cyprna  Bayerqnei  Oabb. 

C.  MatbewBoaii  Oabb. 
Lozutrema  tnrrita  Oabb. 
ToTTitella  Dvaaana  Con. 
T.  inartiDeEeDBis  Oabb. 
Qalerns  excentricna  Qabb. 
Spirocrypta  pilenm  Oabb. 
Nerita  triangnlata  Qabb. 
Hargaritolla  cTonnlata  Qabb. 
Dental  [nil  m  Cooperii  Oabb. 

D.  atramineuDi  Oabb. 
Qadns  pusillns  Qabb. 
Bulla  Hornii  Qabb. 
Cylicbna  coatata  Qabb. 
Hogietoetoma  etriatuai  Qabb. 
HaTt«Bia  elansa  Oabb. 

Allon  nnrnllplim  n»hl> 
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Tellina  Hoffmanniana  Gabb. 
T.  Hornii  Gabb. 
T.  oalifomica  Gabb. 
Donaz  latas  Gabb. 
Yenns  mqatlateralis  Gabb. 
Meretrix  nyasana  Coniu 
M.  Hornii  Gabb. 
M.  ovalis  Gabb. 
M.  californioa  Con. 
Dosinia  elevata  Gabb. 
D.  gyrata  Gabb. 
Tapes  Conradiana  Gabb. 
T.  qaadrata  Gabb. 
T.  cretacea  Gabb. 
Diodns  tennis  Gabb. 
Cardinm  Cooperii  Gabb. 
C.  Brewerii  Gabb. 
C.  lintenm  Con. 
Cardita  Hornii^  Gabb. 
Lncina  cnmnlata  Gabb. 
f  L.  cretacea  Gabb. 
My  81  a  polita  Gabb. 

To  this  list  Dr.  White*  has  added— 

Zirpbsea  plana  White.  Canoellaria  Tarneri  White. 

The  presence  of  a  safficient  number  of  the  fossils  above  ennmerated 
at  each  of  the  leading  localities  on  the  east  flank  of  the  Cascade  Moan- 
tains  renders  their  correlation  probable.  Althoagh  the  number  of  forms 
found  in  the  more  northern  and  widely  separated  Oregon  and  Wash- 
ington areas  is  not  so  great,  yet  the  identification  of  the  few  forms  dis- 
covered leaves  little  doubt  as  to  the  Eocene  age  of  the  deposits. 

In  the  Willamette  Valley  at  Albany  Cardita  planicosta  Lamarck  has 
been  identified,  while  from  Gape  Arago  Dr.  White  has  recognized — 


Orafisatella  grandis  Gabb. 

C.  nyasana  Con. 

Unio  pennltimns  Gabb. 

Mytilns  asoia  Gabb. 

M.  bnmerns  Con. 

Modiola  omata  Gabb. 

Septifer  diobotomns  Gabb. 

Stalagmiam  conoentrionm  Gabb.  «p« 

Avionla  pellncida  Gabb. 

Area  Hornii  Gabb. 

Cnonllffia  Mathewsonii  Gabb. 

Barbatia  Moraei  Gabb. 

AzinsBa  sagittata  Gabb. 

A.  oor  Gabb. 

Nnonla  trnncata  Gabb. 

Leda  Gabbii  Con.,  sp. 

Pec  ten  interradiatns  Gabb. 

Placunanomia  inomata  Gabb. 

Ostrea  idriaensis  Gabb. 

Flabelfnm  Remondiannm  Gabb. 

TrooboBmilia  striata  Gabb. 


Tarritella  nvasana  Conrad. 
Fosns  californicns  Gabb. 
Perissolax  Blakei  (Conrad)  Gabb. 


Nncnla  trnncata  Gabb. 
Cardita  planicosta  Lamarck. 
Meretrix  nvasana  Conrad. 
Naticina  obliqna  Gabb. 

Concerning  the  deposits  at  Astoria,  although  considering  them  in  part 
Miocene,  Dr.  White  is  of  the  opinion  that  the  Chico-Tejon  series  may  be 
also  represented.    He  says  in  regard  to  the  similarity  of  their  fossils: 

The  Nucula  divaricata  of  Conrad  differs,  if  at  all,  from  N,  truncata  Gabb  only  in  the 
asserted  rounding  instead  of  tbe  trnncation  of  the  posterior  ("anterior'')  extremity; 
and  yet  one  of  Mr.  Conrad's  figures  shows  such  a  truncation.  The  Mactra  alharia  of 
Conrad  is  exceedingly  like  M,  Aahhumerii  Gabb.  The  Laripes  paralit  of  Conrad  recalls 
X.  duhia  Gabb.  The  Pyrula  modeaia  or  Conrad  is  possibly  identical  with  Fiou9  (f ) 
cyprcBoidea  Gabb,  and  the  Survey  collections  contain  specimens  of  SoUn  from  the 
Tejon  group  of  California,  which  closely  resemble  Conrad's  figure  of  8,  owrtu%.  Be- 
sides this  the  Aiuria  anguaiatus  of  Conrad  from  Astoria  is  much  like  A.  maiheweani 
Gabb  of  the  Tejon  group  of  California ;  and  the  presence  of  that  genus  in  the  Miocene 
strata  seems  out  of  place. 

>  PiobAbly  Cardita  pbmlcoata  Lamarck.  *  U.  S.  GeoL  Snrr.  BuIL  61, 1880,  pp.  IH,  S5b 
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The  more  recent  investigations  of  Dr.  Dall,  above  referred  to,  estab- 
lish the  truth  of  these  conclusions.  He  finds  that  the  earlier  collections 
of  fossils  were  made  indiscriminately  from  the  Eocene  and  Miocene  hor- 
izons, and  this  accounts  for  the  confusion  that  has  hitherto  existed. 

The  locality  upon  the  Dwamish  Biver,  Washington,  is  the  most 
northerly  one  yet  known  that  affords  fossils  of  Tejon  age.  In  a  col- 
lection made  at  that  point  the  following  species  have  been  recognized: 

Cyliohna  costata  Oabb.  Enspira  alv^eata (Conrad)  Gabb. 

Conns  Homii  Gabb.  Fnsns  diaboli Gabb. 

Lnnatia  unciformtsGabb.  Tnrritella  uvasana  Gabb. 

Leda  protexta  Gabb.  Tellina  sp.  (f ) 

The  above  forms  establish  beyond  much  doubt  the  presence  of  Tejon 
strata  in  western  Washington.^ 

The  faunal  relationship  of  the  Tejon  group  to  the  Ghico  on  the  one 
hand  and  the  Miocene  on  the  other  is  deserving  of  particular  atten- 
tion. It  has  already  been  shown  that  the  stratigraphical  individuality 
of  the  Ghico  and  Tejon  grodps  is  not  clearly  defined,  but  that  the  lat- 
ter rests  conformably  upon  the  former  and  presents  but  a  slight  litho- 
logical  change  in  its  deposits.  At  the  same  time  several  forms  are 
found  common  to  the  two  groups,  and  Gabb'  gives  in  the  second  volume 
of  the  Paleontology  of  Galifomia,  15  species. 

Callianassa  Stimpsoni  Gabb.  Martesia  olansaGabb. 

Atnrta  MathewBonii  Gabb.  Mactra  (Cymbophora)  Ashbnmeiii  Gabb. 

Amnion  ilea  j  ngalis  Gabb.  Tellina  Hoffmanniana  Gabb. 

Fnsns  Mathewsonii  Gabb.  Ayicnla  pellncida  Gabb. 

Enspira  alveata  Conrad,  sp.  Cncnllaaa  Mathewsonii  Gabb. 

Dentalinm  Cooperii  Gabb.  Nncnla  tnincata  Gabb. 

D.  Btraminenm  Gabb.  Leda  Gkibbii  Coniad,  sp. 

Cylicbna  costata  Gabb. 

Upon  the  forms  here  enumerated  as  common  to  the  two  gionps 
Heilprin'  has  thrown  some  doubt  as  to  the  validity  of  three,  Mactra 
Ashbumerii  Gabb,  Tellina  Hoffmanniana  Gabb,  and  Leda  Oabbii  Gon., 
sp.  That  a  commingling  of  species  occurs  in  the  Ghico-Tejon  series 
seems  to  be  established.  Dr.  White^  says  in  this  connection :  <<  I  am 
satisfied  that  such  a  commingling  does  exist,  as  before  indicated,  and 
that  an  alternate  commingling  of  species  exists  throughout  the  whole 
of  the  Ghico-Tejon  series." 

On  the  other  hand,  although  the  Miocene  conformably  overlies  the 
Tejon  group,  the  faunal  relations  are  not  so  clearly  shown.  No  species 
have  hitherto  been  considered  identical,  though  Dr.  White  says  that 
^^a  few  of  the  species  of  each  of  the  two  formations  are  closely  related, 
and  it  is  possible  that  some  of  them  may  yet  prove  to  be  specifically 
identical." 

'  17.  &  OeoL  Svar.,  Bull.  61, 1889,  pp.  80-81. 

*IiiCaliftiniaAoad.Soi.,Proo.,yoL8,ppL  801-805^  ho  glTM  16  speoias.    JroKfOut  UMNMif  Is  omitted, 
howerer,  in  the  State  Report  and  AmmoniUa  n.  a.  1b  determined  m  Am»jti0aU§, 
•  Philadelphia  Aoad.  Nat.  Sci,  Proo.,  toL  -,  pp.  18. 
«  U.  &  GeoL  Sorr.,  Boll.  16b  1886^  p.  18^ 
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THB  PUOBT  GROUP. 

The  term  Paget  group  has  been  applied  by  Dr.  White  to  a  series  of 
brackish-water  deposits  in  Washington.  They  are  found  along  the 
eastern  side  of  the  Paget  Sound  Basin  on  the  western  flank  of  the  Gas- 
cade  Bange,  as  well  as  apon  the  eastern  side  of  the  same  mouDtainSf 
although  the  identity  of  the  strata  in  the  two  regions  has  not  yet  been 
fully  determined. 

In  the  Puget  Sound  region  the  best  sections  have  been  obtained  by 
Bailey  Willis  in  the  Wilkeson  and  Oreen  Biver  coal  fields,  while  to  the 
east  of  the  Cascade  Bange  the  strata  have  been  identified  by  the  same 
observer  in  several  localities,  which  are  enumerated  as  follows: 

Near  the  head  of  the  Takima  River  and  on  the  Wenatchie  River,  •  •  *  near 
Lake  Kitchelas,  Lake  Klealim,  and  on  Sohwak  Creek,  a  small  trihntary  of  the 
Takima  from  the  north  *  *  *  sonth  of  the  Wenatchie,  on  the  spnrof  the  Cas- 
cades called  the  Peshasten  Range,  which  divides  that  river  from  the  Yakima,  and  at 
the  head  of  the  Mnnastash  Creek,  25  miles  west  of  Ellenshnrg,  at  an  elevation  of 
5,500  feet  on  the  main  Cascade  Range.^ 

The  strata  in  the  Paget  Sonnd  Basin  consist  of  alternating  heds  of  yellow  and  gray 
fine-grained  sandstones  and  very  fine  gray  arenaoeons  shales  interstratified  with 
many  beds  of  carboniferous  shale  and  coal ;  the  individnal  strata  of  sandstone  and 
shale,  from  20  to  200  feet  thick,  maintain  the  same  general  character  wherever  ob- 
served, and  no  well  defined  horizon  has  yet  been  fonnd  which  might  serve  as  an  index 
to  correlate  the  widely  separated  exposures.* 

Mr.  Willis,  whose  description  of  the  deposits  has  just  been  quoted, 
estimates  the  maximum  thickness  of  the  strata  at  over  10,000  feet.  In 
the  Wilkeson  field  he  states  that  there  '^are  127  carbonaceous  beds,  of 
which  17  are  workable  coal  veins,  3  to  15  feet  thick."  To  the  east  of  the 
Cascade  Eange  a  similar  development  of  carbonaceous  strata  has  an  ap- 
proximate thickness  of  1,000  feet,  and  rests  on  coarse  sandstone  and 
^n  glomerate. 

The  character  of  the  deposits  and  their  entombed  fossils  show  that 
brackish-water  conditions  certainly  prevailed  over  the  area  in  which 
the  strata  are  now  exposed,  and  doubtless  over  a  much  wider  region.  If 
the  coal-bearing  strata  upon  the  eastern  and  western  flanks  of  the  Cas- 
cade Eange  prove  to  be  of  the  same  age  the  topography  of  the  period 
must  have  been  very  different  from  the  present,  and  since  the  carbon- 
aceous strata  have  been  found  absent  from  the  higher  portions  of  the 
Olympic  and  Northern  Cascade  Mountains,  it  has  been  supposed  that 
those  ranges  may  have  constituted  an  island  and  a  peninsula  respec- 
tively. Acting  as  barriers  against  the  open  sea  the  estuarlue  condi- 
tions necessary  for  the  formation  of  the  carbonaceous  strata  may  have 
been  developed. 
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The  following  invertebrate  fossils  have  been  obtained  from  the  Pnget 
group  :^ 

Cardiam  (Adaonaf)  sp.  Psammobia  obsonra  White. 

Cyrena  breTidens  White.  Sani^inolaria  f  oandata  White, 

Corbicula  pugetcDBis  White.  Teredo  pagetensis  White. 

Corbicula  Willisi  White.  Neritina  sp. 

Batissa  Newberryi  White.  Cerithinm  f  sp. 
Batissa  dubia. 

Among  the  plant  remains  examined  by  Prof.  Newberry'  are  Sphenop- 
teris  (Asplenium)  ehngata  Newberry,  which,  according  to  that  distin- 
guished paleontologist,  is  the  same  as  Oymnogramma  Haydeni  Lesq., 
Asplenium  subcretaceum  Saporta,  and  Anemia  subcretacea  Gardner,  an 
important  and  widespread  species.  Oalamosis  Dan^Lesq.,  Onoelea  sen- 
sibilis  Lmn.j  Lygodium  KaulfusH  Herr,the  latter  probably  identical  with 
L.  neuropteroides  Lesq.,  are  mentioned  by  the  same  investigator  as  rep- 
resented in  the  Pnget  gronp. 

GROUNDS  FOB  THE  BEFEBENOE  OF  THE  TEJON  AND  PUGET  GBOUPS 

TO  THE  EOOENE. 

In  the  preceding  remarks  on  the  Pacific  Coast  region  the  assnmp- 
tion  has  been  made  that  the  Tejon  and  Puget  groups  are  the  equivalents 
of  the  Eocene  of  other  areas.  As  this  position  has  been  much  discussed 
in  the  past,  particularly  as  regards  the  Tejon  group,  and  is  not  admitted 
by  all  geologists  to-day,  the  evidence  for  their  reference  to  the  Eocene 
will  be  briefly  outlined. 

In  the  Historical  Sketch  it  was  stated  that  Whitney  and  Gabb  con- 
sidered the  entire  Ghico  Tejon  series  as  Oretaceous,  while  Marcou  as 
zealously  advocated  its  Tertiary  age.  In  the  present  paper  the  Chico 
is  referred  to  the  Cretaceous,  the  Tejon  to  the  Eocene. 

Before  considering  the  grounds  for  this  division  of  a  conformable 
series  of  deposits  that  at  the  same  time  possess  in  common  several  iden- 
tical species,  let  us  first  examine  the  evidence  for  referring  the  entire 
formation  to  the  same  horizon,  in  the  one  case  to  the  Cretaceous  and  in 
the  other  to  the  Eocene. 

The  lower  division,  the  Chico,  contains  a  large  number  of  ammonitic 
forms,  which  have  been  hitherto  considered  by  paleontologists  to  denote 
the  Mesozoic  age  of  the  strata  in  which  they  are  found,  among  which 
species  of  Hamites,  Tnrrilites,  Ancyloceras,  Crioceras,  and  Baculites 
are  included,  while  the  lamellibranchiate  genera,  Trigonia,  Inoceramns,. 
GryphsBa,  and  Exogyra,  likewise  considered  Mesozoic  in  character,  are 
not  uncommon.  In  the  upper  division,  the  Tejon,  Ammonites  jugdlis 
Oabb  is  found,  while  several  genera  of  gasteropoda  are  also  cited  by  Gabb 
as  characteristically  Cretaceous,  though  their  determination  is  shown 
by  Conrad  and  Heilprin  to  be  founded  on  error  as  to  the  generic  rela- 
tions of  the  specimens  or  the  localities  from  which  they  were  derived.. 

in.&Geol.Siinr.,BQlL51,p.6a  ■n)id.,p.SL 
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GoucerDiug  tbe  reference  of  the  entire  Ghico-Tejon  series  to  the  Ter- 
tiary, on  the  other  hand,  Marcou  states  that  the  Ammonites  are  degen- 
erate types,  and  farther  that  there  is  ^*  no  law  which  makes  it  necessary 
for  Ammonites  •  •  •  to  disappear  entirely  from  the  surface  of  the 
terrestrial  globe  with  the  rocks  of  the  secondary  epochs."  From  the 
Ghico  he  cites  the  presence  of  the  following  genera  that  collectively  he 
considers  indisputable  evidence  for  the  Tertiary  age  of  the  fauna:  Fusus, 
LsBvifusus,  Neptunea,  Sycodes,  Gyrodes,  Natica,  Architectonica,  Stra- 
parollus,  Puguellus,  Anchura,  Littorina,  Turritella,  I^erita,  Lysis,  Gal- 
liostoma.  Angaria,  Margaritella,  Dentalium,  Patella,  Helcion,  Kingi- 
cula,  Ginulia,  Gylichna,  Martesia,  Siliqua,  Gorbula,  Anatina,  Gymbo- 
phora,  Lutraria,  Asaphis,  Tellina^  Venus,  Ghione,  Meretrix,  Garyatis, 
Dosinia,  Trapezium,  Gardium,  Glisocolus,  Luciua,  Astarte,  Anthonya, 
Mytilus,  Modiola,  Meleagrina,  Meekia^  Area,  OucullaBa,  ibTucula,  Leda, 
Pecten,  Lima,  Anomia,  and  Ostrea. 

For  the  Tejon  he  states  that  the  Tertiary  genera,  Fusus,  Tritonium, 
Trachytriton,  Olivella,  Fasoiolaria,  Lunatia,  Turritella,  etc.,  are  numer- 
ous, and  that  Eocene  species  identical  with  those  in  Alabama  and  the 
Loudon  and  Paris  basins  are  found. 

It  seems  to  me,  as  already  stated  by  Dana,  White,  and  Heilprin,  that 
the  writers  above  quoted  are  in  part  right,  in  part  wrong.  The  pres- 
ence of  so  large  a  number  of  ammonitio  forms  in  the  Ghico,  together 
with  such  types  as  Inoceramus,  Trigonia,  Gryphsea,  and  Exogyra,  is 
sufficient  indication  of  the  Gretaceous  age  of  the  Ghico  group.  On  the 
other  hand,  the  presence  in  the  Tejon  of  Lunatia,  Grepidula^  Turritella, 
Tritonium,  Nassa,  Mitra,  Pseudoliva,  Oliva,  Gonus,  Gyprsea,  Eimella, 
and  Donax,  together  with  Cardita  planicosta  Lam.  and  other  species 
identical  or  closely  related  to  characteristic  Eocene  forms  of  other  re- 
gions, although  associated  with  a  few  ammonitic  remains  of  a  single 
species,  is  sufficiently  strong  evidence  of  its  Tertiary  age. 

That  no  marked  break  occurred  in  the  continuity  of  life  in  the  Ghico- 
Tejon  series  is  proved  by  the  fact  that  several  species  are  found  com- 
mon to  the  upper  and  lower  divisions.  Deposition,  from  the  structure 
of  the  beds  and  the  absence  of  unconformity,  was  probably  continuous. 
Forms  that  were  numerous  in  the  early  part  of  the  period  gradually 
disappeared,  and  their  place  was  taken  by  others  that  increased  in  im- 
portance toward  its  close. 

To  what  horizon  of  the  Eocene  the  Tejon  should  be  referred  can  not 
be  definitely  stated.  Gonrad  considered  it  Lower  Eocene,  while  Marcou 
has  stated  that  it  belongs  to  the  upper  division.  The  presence  of 
Cardita  planicosta  Lam.  serves  only  for  general  comparison  since  it 
has  been  found  ranging  from  the  lower  to  the  upper  members  of  the 
Eocene  in  the  Atlantic  and  Gulf  Goast  region.  Heilprin  and  Marcou 
have  shown  the  close  relationship  if  not  identity  of  several  other  spe- 
cies. Cardita  Hornii  Gabb  is  held  to  be  identical  with  0.  planicosta 
Lam.    Dosinia  elevata  Gabb  is  thought  to  be  the  same  as  Doainiapsia 
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Meekii  OoDrad,  so  common'  in  the  Maryland  and  Virginia  Eocene. 
copsis  {Hemifusus)  Bemondii  Gabb  is  considered  to  be  very  closely 
related  to  if  not  identical  with  Pyrula  petUta  Conrad  from  Claiborne, 
Alabama.  Other  comparisons  are  made,  some  with  forms  from  the 
Paris  Basin  and  the  English  Eocene.  From  the  fact  that  the  Tejon 
conformably  overlies  the  Chico  and  is  in  torn  conformably  overlain  by 
the  Miocene  it  is  not  improbable  that  the  Tejon  represents  the  entire 
Eocene  series  as  elsewhere  developed,  bnt  npon  this  point  we  have  as 
yet  too  few  data  to  draw  couclnsions.  Further  investigation  may 
show  that  some  important  points  have  been  hitherto  overlooked. 

The  Paget  gronp  has  been  referred  to  the  Eocene,  though  there  is 
some  doabt  as  to  whether  the  entire  formation  can  be  properly  consid- 
ered snch.  In  its  flora  ProfL  I^ewberry  has  shown  that  the  Paget  group 
is  to  be  closely  compared  to  the  Laramie,  though  the  conditions  under 
which  the  deposits  of  the  former  were  accumulated  were,  in  many  par- 
ticulars, unlike  that  of  the  latter.  If  the  Paget  group  is  to  be  corre- 
lated with  the  Laramie,  it  is  not  improbable  that  we  have  in  the  former 
the  representatives  of  both  the  Chico  and  Tcgon  groups,  and  thus,  as 
in  both  the  Laramie  and  Chico-Tejon  series,  the  break  between  the  Cre- 
taceous and  the  Eocene  is,  in  part  at  least,  bridged  over.  If  such  proves 
to  be  the  case,  the  Puget  group  must  be  referred  in  part  to  the  one 
horizon,  in  part  to  the  other. 

Prof.  Newberry  has  compared  8phenapteri8  {Atplenium)  elongata  New- 
berry from  the  Puget  group  with  Qymnogramma  Haydeni  Lesq.  from 
the  Laramie.  He  also  has  little  doubt  of  the  presence  of  Onodeasensi- 
hilis  Linn.,  which  occurs  in  abundance  at  Fort  Union.  In  regard  to  the 
fauual  similarities  of  the  Puget  group  and  the  Laramie  Dr.  White 
says: 

Sacb  a  coraparisoa  is  espeolally  saggested  by  the  known  floral  relations  of  the  two 
groups  of  strata,  their  presamble  contemporaneity  of  origin,  and  the  nonmarine 
character  of  the  mollascan  faunas  of  both.  Upon  making  a  oomparisou.  however, 
important  zoological  differences  appear.  It  is  trae  there  are  two  species  of  Corbi- 
cnla  in  the  Paget  fauna  that  are  so  closely  like  Laramie  forms  as  to  suggest  specific 
identity  npon  casual  examination,  but  the  differences  between  the  two  faunas  are 
strikingly  shown  by  the  family  and  generic  characters  of  the  other  members  of  the 
Paget  fauna  as  compared  with  the  Laramie  &nna. 

Teredo,  Tellina,  and  Batissa  occur  in  the  Puget  group,  but  are  absent 
in  the  Laramie.  The  later  genus  has  particular  interest  from  the  fetct 
that  it  has  not  been  found  in  North  America  before.  It  is  confined  to 
the  Pacific  Islands  and  Asiatic  Oontinent. 

At  the  same  time  the  Puget  group  shows  some  points  of  similarity  to 
the  Lignitic  of  the  Gulf  border.  Oalamopais  Dana  Lesq.  of  Mississippi 
has  been  identified  by  Prof.  ISTewberry^ 


INTERIOR  REGION. 
PBEUMINABT  BEMABES. 

The  Eocene  of  the  Interior  region  covers  an  extensive  area  on  the 
eastern  and  western  flanks  of  the  Rocky  Mountains.  Though  largely 
developed  in  broad  continnons  tracts,  it  not  infrequently  occurs  in 
narrowly  circumscribed  basins  that  are  found  scattered  from  Colorado 
on  the  east  to  Nevada  on  the  west,  and  from  Montana  on  the  north  to 
Texas  on  the  south.  Within  the  limits  designated  similar  conditions 
largely  prevailed.  From  an  open  sea  of  Oretaceous  age,  in  which  the 
life  was  marine,  a  gradual  change  took  place  to  great  fresh- water  lakes 
in  which  the  typical  Tertiary  deposits  of  the  Interior  were  accumulated. 
Although  the  marine  and  fresh- water  divisions  present  marked  pale- 
ontological  differences,  they  are  still  linked  together  by  a  series  of 
brackish-water  deposits  that  afford  many  points  for  comparison  with 
both  the  older  and  younger  horizons.  Whether  these  intervening  beds 
should  be  referred  to  the  Oretaceous  or  to  the  Eocene  or  considered  to 
represent  portions  of  each  has  been  widely  discussed,  and  no  problem 
in  American  geology  has  perhaps  furnished  so  extensive  a  literature. 
It  seems  not  improbable  that  continuous  deposition  prevailed  through- 
out the  Interior  region,  so  that  the  reference  of  each  member  of  the 
series  to  the  more  or  less  fragmentary  geological  column  elsewhere  es- 
tablished IB  attended  with  great  uncertainty. 

The  opinions  of  those  who  have  studied  the  deposits  from  different 
points  of  view  differ  widely,  though,  the  present  tendency  is  to  dispar- 
age a  narrow  interpretation  of  any  particular  series  of  facts  and  to 
judge  the  evidence  in  its  entirety. 

It  will  be  observed  that  the  Laramie  and  Puerco  formations,  regarded 
by  many  as  Oretaceous,  and  the  Fort  Union  beds,  which  by  others  have 
been  separated  from  the  Laramie  and  held  to  be  Neocene,  are  here  dis- 
cussed. The  evidence  for  the  Eocene  age  of  all  or  part  of  the  strata  of 
these  several  formations  will  be  presented  in  subsequent  pages ;  and 
the  history,  stratigraphy,  taxonomy,  and  correlation  of  the  Eocene  of 
the  Interior,  in  its  general  and  local  characters,  will  be  briefly  outlined. 

HISTOBlOAIi  SKETCH. 

The  reports  of  the  expeditions  that  entered  or  crossed  the  Interior 
region  during  the  first  half  of  the  century  present  almost  nothing  of 
importance  upon  the  Eocene*    Certain  observations  in  areas  now  known 
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to  be  of  Tertiary  age  are  recorded,  bat  neither  the  stratigraphical  re- 
lationship of  the  deposits  nor  their  taxonomy  were  in  any  degree  com- 
prehended. 

The  investigations  of  Meek  and  Hayden  in  Nebraska  and  the  Upper 
Missouri  Kiver  conntry,  in  1854,  afford  the  first  scientific  data  upon  the 
geology  of  the  region  that  it  is  oar  province  to  discass.  The  publica- 
tion of  these  results  appeared  in  a  series  of  articles  in  the  Proceedings 
of  the  Academy  of  Natural  Sciences  of  Philadelphia  for  1856,  and  from 
the  fossils  collected  upon  that  expedition  the  authors  concluded: 

It  is  worthy  of  note  that  some  of  the  speoles  contained  in  the  collection  from  the 
most  recent  Cretaceoas  beds  of  the  Upper  Mieeoari  conntry  appear  referable  to  genera 
which,  acoordinj(  to  high  Eoropean  authority,  date  no  farther  back  than  the  tme 
chalk,  while  many  of  them  are  oloeely  analogous  to  Tertiary  forms ;  so  close,  indeed, 
that  had  they  not  been  found  associated  in  the  same  beds  with  Ammonites,  Scaphites, 
and  other  genera  everywhere  regarded  as  having  become  extinct  at  the  close  of  the 
Cretaceous  epoch  we  wonld  have  considered  them  Tertiary  species.^ 

Already,  at  this  early  period,  the  peculiarities  of  the  organic  remains 
in  the  beds  intermediate  between  undoubt.ed  Cretaceous  and  undoubted 
Eocene  were  recognized. 

In  a  subsequent  paper*  the  same  authors  refer  the  lignite  deposits  of 
the  Upper  Missouri  Biver  to  the  Tertiary.    They  say: 

Although  there  can  be  no  donbt  that  these  deposits  hold  a  rather  low  position  in 
the  Tertiary  system,  we  have  as  yet  been  able  to  arrive  at  no  very  definite  conclu- 
sions as  to  their  exact  synchronism  with  any  particular  minor  subdivision  of  Ter- 
tiary, not  having  been  able  to  identify  any  of  the  moUnsca  found  in  them  with  thoae 
of  any  well  marked  geological  horizon  in  other  countries.  Their  general  resemblance 
to  the  fossils  of  the  Woolwich  and  Beading  series  of  English  geologists,  as  well  as  to 
those  of  the  groat  lignite  formations  of  the  southeast  of  France,  wonld  seem  to  point 
ta  the  lower  Eocene  as  their  position. 

In  regard  to  the  Judith  Biver  deposits,  which  Dr.  Leidy  '  had  already 
compared  to  the  Wealden  of  Europe,  the  same  writers  add : 

Inasmuch,  however,  as  there  certainly  are  some  outliers  of  fresh-water  Tertiary 
in  these  Bad  Lands,  we  would  suggest  that  it  is  barely  possible  these  remains  may 
belong  to  that  epoch,  though  the  shells  appear  to  be  all  distinct  species  from  those 
found  in  the  Tertiary  at  all  the  other  localities  in  this  region. 

Notwithstanding  these  statements,  the  same  authors,  in  a  section  given 
in  later  article,^  following  the  conclusions  of  those  who  had  examined 
the  vertebrate  and  vegetable  remains,  refer  the  Judith  Biv^  deposits 
to  the  lowest  horizon  of  the  Cretaceous,  while  the  Fort  Union  beds  are 
considered  Miocene. 

A  geological  map,  prepared  by  Dr.  Hayden,  of  the  region  bordering 
the  Missouri  Biver^  appears  in  the  next  volume  of  the  Proceedings  of 
Philadelphia  Academy,'^  on  which  the  limits  of  the  ^^  Great  Lignitic  Ter* 

>  Philadelpliia  Aoad.  Nat.  Soi..  Proo.,  yoL  8^  1856^  p.  03. 
•Ibid.,  pp.  111-128. 
■Ibid.,  pp.  72, 73. 
« Ibid.,  p.  268. 
•Ibid.,ToL9, 1857.P.  100. 
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tiary  Basin  ^  are  recorded.  In  regard  to  the  Great  Lignitic  deposit  he 
states  that  '^  the  collection  of  fossils  now  obtained  show  most  concla- 
sively  •  •  ♦  that  it  can  not  be  older  than  the  Miocene  period.'' 
Small  areas  in  Wyoming,  on  the  Sweetwater,  and  to  the  west  of  Sonch 
Pass  are  designated  as  Tertiary. 

Similar  conclusions  are  given  in  a  longer  paper  by  Meek  and  Hayden,^ 
that  immediately  follows  that  presented  by  Dr.  Haydeu. 

In  the  proceedings  of  the  Academy  of  Natural  Sciences  for  1860  Meek 
and  Engelmaun  refer  the  Bear  Kiver  Estuary  Beds^  to  the  Tertiary. 

In  the  same  journal  for  18GP  Meek  andHayden  published  a  complete 
section  of  the  Tertiary  formations  of  the  northwest.  A  fourfold  divi- 
sion is  made:  (1)  Fort  Union,  or  Great  Lignite  group ;  (2)  Wind  Biver 
deposits ;  (3)  White  Biver  group  ^  (4)  Loup  Biver  beds. 

The  first  two  alone  claim  our  attention.  The  Fort  Union  or  Great 
Lignite  group  is  described  as  characterized  by — 

Beds  of  clay  aud  sand,  with  ronnd  ferraginons  ooncretiooBand  numerous  beds,  seams, 
and  local  deposits  of  lignite;  great  numbers  of  dicotyledonous  leaves,  stems,  etc.,  of 
the  genera  Platanus,  Acer,  Ulmas,  Populus,  etc.,  with  very  large  leaves  of  true  fan 
palms.  Also,  Helix,  Melanin^  Vivipara,  Corbicula,  Unio,  Ostrea,  Potamomya,  and 
scales  of  Lepidotns,  with  bones  of  Trionyx,  Emys,  Compsemys,  Crocodilus,  etc. 
Thickness:  2,000  feet  or  more.  Localities:  Occupies  the  whole  country  around  Fort 
Union,  extending  north  into  the  British  possessions  to  unknown  distances;  also 
southward  to  Fort  Clark.  Seen  under  the  White  Biver  group  on  North  Platte  River 
above  Fort  Laramie,  also  on  west  side  Wind  River  Mountains. 

The  Wind  River  deposits  are  described  as — 

Light-gray  and  ash-colored  sandstones,  with  more  or  less  argillaceous  layers.  Fos- 
sils: fragments  of  Trionyx,  Testudo,  with  large  Helix,  Vivipara,  petrified  wood, 
etc.  No  marine  or  brackish- water  types.  Thickness:  1,500  to  2,000  feet.  Locali- 
ties: Wind  River  Valley;  also,  west  of  Wind  River  Mountains. 

Concerning  the  position  of  the  Wind  Eiver  group  in  the  Tertiary 
series  they  say : 

As  the  Wind  River  deposits  have  not  yet  been  seen  in  contact  with  any  well  marked 
beds  of  the  other  Tertiary  formations  of  this  region,  and  few  fossils  have  yet  been 
found  in  them,  their  position  in  the  series  remains  doubtfnl.  It  is  therefore,  only 
provisionally  that  we  have  placed  this  formation  between  the  Fort  Union  and  White 
River  groups  in  the  foregoing  section. 

Concerning  the  Judith  River  deposits,  a  foot-note  to  page  417  con- 
tains the  following: 

At  the  time  we  published  tlx'Hu  facts  we  wore  led  by  the  discovery  here  of  fresh- 
water shells,  in  sach  a  positiuii,  to  think  tbat  Bome  estuary  deposits  of  doubtfnl  age, 
near  the  mouth  of  the  Judith  Kiver,  ou  the  Missouri,  from  which  Dr.  Leidy  had 
described  some  Saurian  remains  resembling  Wealden  types,  might  be  older  than 
Tertiary.  Later  examinations,  howover,  have  demonstrated  that  the  Judith  beds 
contain  an  entirely  ditferent  gronp  of  fossils  from  those  found  in  the  rock  under  con- 
sideration, and  that  they  are  really  of  Tertiary  age,  and  hold  a  position  at  the  base 
of  the  Qreat  Lignite  series  of  the  Northwest. 


'Philadelpliia  Acad.  Nat.  Sci.,  Proc.,  vol.  9. 1857,  pp.  117-148. 
'Ibid.,  vol.  12,  1860.  p.  130. 
Ubid.,  vol.  13,  1861,  p.  433. 
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The  same  section  of  the  Tertiary  strata  of  the  Korthwest  is  repeated 
in  the  First  Annual  Beportof  the  Geological  Sarvey  of  the  Territories 
for  1867.  In  the  discussions  that  follow,  the  Jndith  Biver  deposits  are 
placed  with  the  Fort  Union  beds  as  part  of  the  same  great  series.  The 
more  southern  extension  of  the  liguitic  formation  is  now  for  the  first 
time  clearly  recorded  from  Wyoming  and  Colorado  and  soathward  as 
far  as  Baton  Pass  in  New  Mexico.  Gapt.  E.  L.  Berthoud,  whose  letter 
upon  this  point  is  included  in  this  first  ofiicial  report  of  Dr.  HaydeD, 
says  concerning  the  age  of  the  lignitic  series :  ^^  Everything  that  I 
have  so  far  seen  points  out  that  the  coal  is  either  Cretaceous  or  Tertiary, 
but  I  believe  it  to  be  Tertiary  or  of  the  same  age  as  the  coal  near 
Cologne,  on  the  Bhine."  Concerning  the  Wind  Biver  deposits  he  states 
further  on  that  ^'  they  occupy  an  area  about  100  miles  in  length  and  40 
to  50  in  breadth.^ 

In  an  article  entitled  "  Notes  on  the  Lignite  Deposits  of  the  West," 
in  the  American  Journal  of  Science  ^  for  March,  1868,  Dr.  Hayden  reit- 
erates his  previous  views. 

The  same  year  Dr.J.  S.  Newberry*  published  "Notes  on  the  Later 
Extinct  Flora  of  North  America,  with  descriptions  of  some  new  species 
of  fossil  plants  from  the  Cretaceous  and  Tertiary  Strata,''  in  the  Annals 
of  the  Lyceum  of  Natural  History  of  New  York,  In  this  paper  the  flora 
of  the  Fort  Union  beds  is  described. 

Up  to  this  time  there  had  apparently  been  complete  unanimity  on  the 
subject  of  the  Tertiary  age  of  the  lignitic  series,  the  only  varying  evi- 
dence being  found  in  what  Dr.  Leidy  considered  the  Wealden  type  of 
the  Jndith  Biver  vertebrates. 

From  the  discovery  of  specimens  of  Inoceramus  in  the  coal  strata  at 
Baton  Pass,  New  Mexico,  Dr.  J.  D.  Le  Conte^  claimed  that  the  lignitic 
deposits  of  that  region  were  accordingly  Cretaceous,  though  still  ad- 
mitting the  Miocene  age  of  the  Fort  Union  beds. 

Prof.  E.  D.  Cope^  raises  a  doubt  concerning  the  Tertiary  age  of  the 
entire  lignitic  series  in  an  article  in  the  transactions  of  the  American 
Philosophical  Society  by  mentioning  Ischyrosaurus  antiqutis  Leidy  from 
the  "  Great  Lignitic  "  of  Nebraska  as  "  perhaps  of  the  Cretaceous  age," 
and  Hadrosaurus  t  ocddentalis  Leidy  from  the  ^^  Cretaceous  beds  "  of 
Nebraska,  while  Palwoscincus  costatus  Leidy  is  referred  to  the  **  upper 
Jurassic  Bad  Lands  of  Judith  Biver." 

In  the  Third  Annual  Beport  of  the  Geological  Survey  of  the  Terri- 
tories, Dr.  Hayden  describes  the  Tertiary  strata  under  provisional 
^'  groups."  The  lignitic  strata  are  thus  locally  divided  into  the  Fort 
Union  group,  Canon  City  group,  Baton  Hills  group,  etc.,  while  sepa- 
rated from  the  true  coal-bearing  series  in  the  vicinity  of  Bitter  Creek 

'  Am.  Joar.  Sci.,  2d  ser.,  vol.  45, 1868,  pp.  198-208. 

*  Annals.  Lyceum  Nat.  Hiat.,  New  York,  vol.  9, 1867,  pp.  1-78. 

*  Notes  on  the  Geology  of  the  Survey  for  the  extension  of  the  Union  Pacific  Kailway,  E.  D.,  from 
the  Smoky  Hill  River.  Kansas,  to  the  Kio  Grande.    Philadelphia,  1868. 

«  Am.  PhiL  Soc,  Trans.,  vol.  14, 1868- '69,  pp.  1-252. 


CLAUL)  HISTORICAL   SKETCH — INTEBIOB.  115 

is  the  Washakie  group.  The  Green  Biver  shales^  Bridger  groap,  and 
Wasatch  groap  are  characterized,  though  their  relations  are  not  fully 
understood.  The  Washakie  group  and  Green  Biver  shales  are  held  to 
be  Middle  Tertiary,  the  Bridger  group  Upper  Tertiary,  while  the  Wa- 
satch groap  is  simply  designated  as  of  Tertiary  age. 

The  volume  upon  mining  industry,  of  the  quarto  publications  of  the 
17.  S.  Geological  Exploration  of  the  Fortieth  Parallel,  appeared  in  1870, 
and  includes  a  chapter  upon  the  Green  Biver  coal  basin,  in  which  the 
author,  Mr.  Olarence  King,  states  that  the  coal-bearing  strata  are 
mainly  Cretaceous  and  are  unconformably  overlain  by  fresh-water  de- 
posits of  Tertiary  age.    In  this  connection  he  says : 

The  fossil  life,  which  clearly  indicates  a  Cretaceous  age  for  the  deepest  members 
up  to  and  including  the  first  two  or  three  important  coal  beds,  from  that  point  grad- 
ually changes  with  a  corresponding  alteration  of  the  sediments,  indicating  a  transi- 
tion to  a  fresh- water  period.  The  coal  continued  to  be  deposited  some  time  after  the 
marine  fauna  had  been  succeeded  by  fresh-water  types.  The  species  of  fossils  are 
in  no  case  identical  with  the  California  Cretaceous  beds,  which  occupy  a  similar  geo- 
logical position  on  the  west  of  the  Sierra  Nevada.  Their  affinities  decidedly  ap- 
proach those  of  the  Atlantic  slopes,  while  the  fresh- water  species  which  are  found  in 
connection  with  the  uppermost  coal  beds  seem  to  belong  to  the  early  Tertiary 
period.* 

He  states  furthur  concerning  the  unconformity  of  the  Tertiary  beds 
and  the  underlying  coal-bearing  strata : 

Whatever  may  be  the  relations  of  these  beds  in  other  places,  it  is  absolutely  certain 
that  within  the  region  lying  between  the  Green  River  and  the  Wasatch,  and 
bounded  on  the  south  by  the  Uinta  Range,  there  is  no  single  instance  of  conformity 
between  the  coal  beds  and  the  horizontal  fresh- water  strata  above  them.^ 

In  a  letter  from  Mr.  Meek,  published  in  the  same  chapter,  that  writer 
concludes  from  the  presence  of  Inoceramus  and  Anchura  and  the  un- 
conformity that  exists  between  the  coal-bearing  strata  and  the  fresh- 
water beds  that  <^from  all  the  facts  now  known  I  can,  therefore,  scarcely 
doubt  that  you  are  right  in  referring  these  beds  to  the  Cretaceous."^ 
fle  states  further  that  ^*-  these  beds  belong  to  one  of  the  very  latest 
members  of  the  Cretaceous;  or,  in  other  words,  that  they  were  prob- 
ably deposited  when  the  physical  conditions  favorableto  the  existence 
of  those  forms  of  molluscau  life,  peculiarly  characteristic  of  the  Creta- 
ceous period,  were  drawing  to  a  close,  or  had  in  part  ceased  to  exist."^ 
Concerning  the  Bear  Biver  beds  which  Meek  and  Engelmaun  Jiad  re- 
ferred in  1860  to  the  Tertiary,  the  former  now  admits  that  they  may  be 
Cretaceous,  and  suggests  '^  the  inquiry  whether  we  ought  not  to  carry 
up  the  line  between  the  Cretaceous  and  Tertiary  here,  so  as  to  include 
these  estuary  beds  also  in  the  Cretaceous."^  The  similarity  of  the  Ju- 
dith Biver  deposits  is  stated  in  support  of  this  position,  <'from  the  fact 
that  there  is  a  formation  on  the  Upper  Missouri,  near  the  mouth  of  the 
Judith  Biver,  the  exact  age  of  which  has  long  been  regarded  as  some- 
what doubtful,  though  Dr.  Hayden  and  the  writer  have  generally  plaoM 
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it  in  tbe  Tertiary,  tiiat  contains  »d  exactly  similar  brackish- water  group 
of  fossils,  some  of  wliich  are  identical  witb  those  foaod  in  these  Bear 
Eiver  estuary  beds." 

Nevertheless,  in  Bummiug  ap,  at  the  close  of  the  letter,  the  changes 
that  took  place  daring  and  subseqnent  to  the  foraiation  of  the  coal- 
bearing  strata  Meek  still  cliues  to  his  previonsly  expressed  idea.  Be 
says: 

Wbclhcr  or  not  tbiit  change  troni  marino  to  eatuary  oonditiona  was  eaactif  conMa- 
poratkeoUH  witb  tbo  cIom  of  tbe  Cr«tocaous  aud  the  ooruuiencemeut  of  the  Tertiarj  of 
Eorope  we  way  pcrhups  never  kaow,  bill  that  it  correspoaded  ia  the  sequetice  of 
geological  cUaiifics  bore  with  the  chanee  of  pbysioal  conrtitiona  that  closed  the  Cre- 
taceous epoch  anil  iiHliered  in  the  Tertiary  of  Europe,  especial];  in  France,  seems  to 
me  scarcely  to  lulmit  ofituy  veil  grouniletl  doabt."' 

Although  lie  thinks  grounds  may  be  found  for  including  portions  of 
the  lifrnitic  strata  in  the  Cretaceous,  yet  he  says  that  all  the  molluscan 
remains  "  seem  to  point  to  a  later  origin." 

In  au  article  in  the  American  Journal  of  Science  for  1871,'  entitled 
"On  the  Geology  of  tbe  Eastern  Uintah  Honntains,''  Prof.  Maish 
gives  the  results  of  an  expedition  of  the  "  Tale  College  Scientific  Party" 
tbe  previous  summer  into  tbe  Green  River  Valley.  The  topographical 
and  stratigraphical  characteristics  of  the  early  Tertiary  deposits  of  the 
region  are  given,  together  with  some  general  remarks  on  the  character 
of  the  vertebrate  fauna.  In  regard  to  the  lignitic  deposits  Prof,  Marsh 
says: 

As  tbe  ago  of  the  coal  depoeita  of  tbe  Rooky  Monutiun  region  has  of  late  been  ninoh 
discnssed,  a  aarefiil  uxitmiDatioo  waHmade  of  tbe  series  of  strata  cootaiaing  tbe  pres- 
ent bed,  and  their  Cretaceous  uge  established  beyond  a  doubt.  In  a  stratum  of  yel- 
'  low  oaloareous  Bliate  wbicb  Dverlies  tbe  ooal  aeries  oonformably,  a  thin  layer  wu 
foondfult  ofOifrcawnjctritConrad,  a  typical  Cretaoeoua  fossil;  and  Just  alrove,  a  Dew 
and  very  iuterestiUK  criiioiil,  allied  apparently  to  tbe  Marsupitea  of  the  Eugliah 
chalk,  la  the  shales  directly  below  the  coal  bed,  cyclodial  Bah  scales  and  GOprotit«s 
were  abundant,  and  lower  down  remains  of  turtlesof  Cretaceous  types,  aud  teeth  of 
a  Dinosaurian  reptili^  re.wmblitif;  those  or  Megalosanrns.  were  also  dimoTered. 

In  the  Fonrth  Annual  Rejiort  of  the  Geological  Snrvey  of  tbe  Terri- 
tories for  1870  (published  in  1872),  Dr.  Kewberry  maintains  tbe  Ter- 
tiary age  of  the'  Fort  Union  beds,  a  position  that  bad  been  generally 
accepted  for  the  northern  lignitic  strata.  Gonceming  the  age  of  (he 
lignitic  deposits  of  Wyoming,  Dr.  Haydea  states  in  the  same  re{>ort 
that  >'  80  far  as  we  cim  determine  the  coal  beds  of  the  Laramie  plaics  - 
are  of  Eocene  age,  although  the  plants  are  more  closely  allied  to  those 
of  tbe  Miocene  i>eriod  in  the  Old  World."'    Further  be  says: 

That  there  is  a  connection  between  all  the  coal  beds  of  the  West  I  firmly  believe, 
and  T  ani  convinced  that  in  duo  time  that  relation  will  be  worked  out  and  the  links 
in  the  chain  of  evidence  joined  together.  That  some  of  the  older  beds  may  bo  of 
Upper  Cretaceous  age  I  am  proparnd  to  believe,  yet  nutilmuch  clearer  ligbt  iatbronn 
npon  their  origin  than  any  we  have  yet  secured  I  shall  regard  theoi  as  belonging  to 
my  transition  series  or  beds  of  passage  between  the  true  Cretaceous  and  the  Tertiary .■ 

'Op.  dt.,  p.  tw.  '  Op.  clL.  p. )«(. 
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The  Tertiary  age  of  the  lignitic  strata  is  claimed  in  the  same  report 
by  Lesqnereax,  who  had  stadied  the  fossil  plants  collected  in  both 
Wyoming  and  New  Mexico. 

The  same  volame  contains  an  extended  description  by  Dr.  Hayden  of 
the  Tertiary  basin  of  Southern  Wyoming.  The  following  terms :  (I) 
Washakie  group,  (II)  Wasatch  group,  (III)  Green  River  group,  (IV) 
Bridger  group,  are  used.  The  strata  are  considei'ed  Miocene  in  age  and 
unconformable  to  the  underlying  deposits.  The  lithological  and  topo- 
graphical characteristics  of  the  several  groups  in  their  local  develop- 
monts  are  given  and  the  occurrence  of  fossils  noted. 

A  letter  from  Dr.  Newberry,  published  in  Hayden^s  report,  assigns  the 
Green  Biver  shales  to  an  earlier  period  than  that  stated  by  Hayden  and 
presents  plant  evidence  for  their  Eocene  age.  Concerning  the  Washa- 
kie group  Hayden  says : 

Although  I  have  hitherto  regarded  the  gronp  of  beds  which  I  have  denominated 
the  ''Washakie  group''  as  separated  from  those  of  Green  River  and  to  the  westward, 
yet  I  am  now  inclined  to  believe  that  the  npper  series  is  either  an  extension  eastward 
of  the  Bridger  group,  or  synchronous  with  it.* 

The  Wasatch  group  is  shown  to  be  below  the  Bridger  gronp  and  prob- 
ably synchronous  with  the  Oreen  Biver  shales.  The  position  of  the 
Bridger  group  above  the  Green  Biver  group  is  established. 

The  Fifth  Annual  Beport  of  the  Geological  Survey  of  the  Territories 
for  1871  (published  in  1872)  contains  an  attempt  by  Jjesquereux  to  cor- 
relate the  lignitic  deposits  of  the  numerous  localities  hitherto  described 
with  the  different  horizons  of  the  Tertiary  re6ognized  in  Europe. 

Strong  evidence  for  the  Cretaceous  age  of  the  lignitic  deposits  had 
been  up  to  this  time  brought  forward  by  King',  Marsh,  and  Cope,  and,  as 
we  have  seen,  reluctantly  accepted  by  Meek,  so  that  the  evidence  from 
plant  remains  was  aloiie  left  to  establish  the  Tertiary  age  of  the  strata. 

The  discovery,  during  the  summer  of  1872,  of  the  remains  of  a  Dino- 
saurian  reptile  at  Black  Butte  station,  on  the  Union  Pacific  Bailroad,  in 
Wyoming,  tended  more  completely  to  establish  the  Cretaceous  age  of 
the  lignitic  deposits.  Prof.  Cope,  who  examined  the  fossils  collected 
from  this  locality,  says : 

From  the  ahove  description  it  is  evident  that  the  animal  of  Black  Buttes  is  a  Dino- 
saurian  reptile.  *  *  *  It  is  thus  conclusively  proved  that  the  coal  strata  of  the 
Bitter  Creek  Basin  of  Wyoming  Territory,  which  enihraces  the  greater  area  yet  dis- 
covered, were  deposited  dnring  the  Cretaceons  period,  and  not  during  the  Tertiary, 
though  not  long  preceding  the  latter.' 

In  another  article^  he  says:  *^  this  discovery  places  this  gronp  with- 
out doubt  within  the  limits  of  the  Cretaceous  period."  The  separation 
of  the  << Bitter  Creek  series"  as  a  distinct  group  had  been  already  re- 
corded by  Prof.  Cope  in  the  previous  paper. 

In  the  Sixth  Annual  Beport  of  the  Geological  Survey  of  the  Territories 
for  1872  (published  in  1873)  Lesqncreux  reasserts  bis  former  conclusions 


'  Op.  ciL,  p.  73.       s  Am.  PhU.  Soc.,  Proc.,  vol.  12, 1872,  p.  483.       *  Am.  Nftt,  yoL  6»  1872,  pp.  661Mi71« 
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as  to  the  Tertiary  age  of  the  entire  ooal  bearing  seriea  which  he  denom- 
inates the  ^^  American  Eocene.''  The  Washakie  groap  he  assigns  to 
the  Upper  Eocene,  while  the  Green  Biver  gronp  is  considered  Miocene. 
In  the  same  report  Meek  considers  the  ^<  Bitter  Greek  series"  to  be  of 
Oretaceons  age,  and  describes  many  fossils  therefrom.  The  Bear  Eiver 
deposits  he  thinks  may  still  be  Tertiary.  In  regard  to  the  lignite  de- 
posits of  Wyoming  he  says : 

Bot  the  most  anrprisiDg  fact  to  me,  sappoaing  this  to  be  a  Cretaceons  formatioo, 
is  that  we  foand  directly  associated  with  the  reptilian  remains  at  Black  Bntte  a 
shell  I  can  not  distingaish  from  Viviparas  trochiformis,  originally  described  from  the 
lignitic  formation  at  Fort  Clark,  on  the  Upper  Missouri,  a  formation  that  has  always 
been  regarded  as  Tertiary  by  all  who  havestudied  its  fossils,  both  animal  and  vegetable. 
*  *  *  The  occurrence  of  this  last  mentioned  species  here,  along  with  a  Cretaccoaa 
type  of  reptile  and  a  Carhicula  apparently  identical  with  C  oyiheriformia  of  the  Jndith 
River  brackish- water  beds,  together  with  the  presence  of  Corbiilas  very  closely 
allied  to  Jndith  Biver  species,  at  lower  horizons  in  this  series,  and  the  occurrence  of 
some  vertebrates  of  Cretaceous  affinities  at  the  Judith  Biver  localities,  would  cer- 
tainly strongly  favor  the  conclusions  not  only  that  this  Judith  formation,  the  age  of 
which  has  so  long  been  in  doubt,  is  also  Cretaceous,  but  also  that  even  the  higher 
fresh- water  lignite  formation  at  Fort  Clark  and  other  Upper  Missouri  localities  may 
also  be  Upper  Cretaceous  instead  of  Lower  Tertiary.' 

In  the  same  report  Oope  has  an  article  <<On  the  Extinct  Vertebrata 
of  the  Eocene  of  Wyoming."  The  genns  Amyzon  is  described  from 
Osino,  I^evada. 

Dr.  Newberry'  presents  a  paper  in  the  April  number  of  the  American 
Journal  of  Science  of  the  same  year,  in  which  he  asserts  that  much  of 
the  flora  that  Lesquereux  had  described  from  New  Mexico  as  Eocene 
he  is  certain  is  Cretaceous,  while  other  forms  from  the  Fort  Union  beds, 
referred  to  the  same  horizon,  he  is  confident  are  Miocene.  Lesquereux' 
defends  his  position  in  a  later  number. 

Prof.  Cope  states  in  the  Bulletin  >of  the  U.  S.  Geological  and  Oeo- 
graphical  Survey  of  the  Territories,  No.  1,  that — 

Believing,  as  I  do,  that  the  evidence  derived  from  the  vertebrate  remains  reqnires 
the  reference  of  the  Bitter  Creek  coal  series  to  the  Cretaceous  period ,  and  having 
pointed  out,  on  similar  grounds,  that  the  horizon  of  the  Great  Lignite  from  which, 
vertebrate  remains  have  been  procured  on  the  Missouri  River  is  undoubtedly  Meso- 
zoic,  although  usually  regarded  as  Tertiary,  I  suspect  that  the  corresponding  strata 
in  Colorado  will  be  found  to  pertain  to  the  same  section  of  geologic  time.^ 

In  Bulletin  No.  2  the  same  writer  has  an  extended  discussion  <<On 
the  mutual  relations  of  the  Cretaceous  and  Tertiary  formations  of  the 
West."  In  a  second  paper  the  Tertiary  fishes  from  Middle  and  South 
Parks,  Colorado,  are  described.  The  first  article  is  reproduced  in 
much  the  same  form  in  the  Seventh  Annual  Report  of  the  U.  S.  Greo- 
logieal  and  Geographical  Survey  of  the  Territories  for  1873  (published 
in  1874).    In  this  paper  the  author,  considering  the  Fort  Union  and 


>  Op.  cit.,  p.  460.  *  Ibid.,  pp.  54^-567. 
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Bitter  Greek  series  of  like  age,  but  at  the  same  time  accepting  the  evi- 
dence offered  on  the  side  of  paleobotany,  says : 

There  is,  then,  no  alternative  bnt  to  accept  the  resalt  that  a  Tertiary  flora  was  contem- 
poraneaua  toith  a  Cretaceous  fauna,  establishing  an  uninterrupted  succession  of  life  across 
what  is  generally  regarded  as  one  of  the  greatest  breaks  in  geologic  time.* 

The  same  volume  contains  reports  by  Marvine  and  by  Lesqnereuit, 
in  which  the  latter  still  defends  his  position  of  the  Eocene  age  of  the 
greater  part  of  the  lignitic  strata,  though  the  Evanston  beds  are  con- 
sidered younger  and  are  placed  in  the  upper  portion  of  the  series.  To 
the  Miocene  (middle)  he  refers  the  coal  basin  of  Carbon,  the  Washakie 
group,  and  other  deposits.  To  the  Miocene  (upper)  the  Green  River 
groups  the  coal  of  Elko,  Nevada;  the  Florissant,  Gdlorado,  beds ;  and 
the  deposits  of  Middle  Park.  Oope,  in  the  same  volume,  maintains  that 
from  the  evidence  of  vertebrate  paleontology  the  deposits  of  the  Wa- 
satch group  are  synchronous  with  the  Oreen  Biver.  The  same  writer 
speaks  of  the  "  Bridger  Eocene." 

Dr.  George  M.  Dawson  *  published  in  1874r-'76  several  articles  bear- 
ing on  the  age  of  the  Fort  Union  beds,  and  is  decidedly  of  the  opinion 
that  they  are  Eocene. 

Two  important  contributions  from  the  pen  of  Prof.  Cope  appeared 
in  1875.  Ill  the  first,^  which  included  an  account  of  the  vertebrates 
collected  by  Dawson  on  the  British  boundary,  the  author  finds  that 
^'  the  list  of  species,  short  as  it  is,  indicates  the  future  discovery  of  a 
complete  transition  from  Cretaceous  to  Eocene  life." 

The  second  contribution  is  the  final  report  on  Cretaceous  verte- 
brates, published  as  Vol.  n  of  the  TJ.  S.  Geological  Survey  of  the  Terri- 
tories. It  contains  the  paper  already  twice  referred  to.  Concerning 
the  occurrence  of  identical  forms  in  the.  Fort  Union  and  Judith  Kiver 
deposits,  he  says : 

The  presence  of  gar  fishes  of  the  genns  Clastes  in  this  formation  is  as  yet  peculiar 
to  this  and  the  Judith  River  localities.  As  these  gars  have  not  heretofore  been  found 
in  North  America  below  the  Eocene,  they  constitute  the  first  case  of  apparent  com- 
mingling of  Tertiary  and  Cretaceous  animal  life  yet  clearly  determined. 

Prof.  J.  J.  Stevenson  published  about  this  time,  in  several  articles, 
evidence  of  a  stratigraphical  character  to  show  the  Cretaceous  age  of 
the  lignitic  deposits.^ 

In  the  annual  report  for  1875  of  the  IT.  S.  Geographical  Surveys  west  of 
the  One  Hundredth  Meridian,  Prof.  Cope  characterizes  the  Puerco  group 
and  refers  it  without  qualification  to  the  Eocene.  He  estimates  the 
thickness  of  the  strata  at  1,200  feet. 

The  published  results  of  Maj.  J.  W.  Powell's  explorations  of  the  Colo- 

iOp.oit..  p.  442. 

'Canadian  N atnralist,  toI.  7, 1874,  p.  241.  Britiah  North  American  Boundary  Gommimion,  Montreal, 
1874.    Ibid..  1876. 
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rado  River  of  the  West  appeared  in  1876.  In  this  report,  the  sectJon 
of  Eloeene  strata  exposed  on  the  Green  Eiver  south  of  Qreen  Biver 
Station,  on  the  Union  Pacific  Bailrowl,  is  described  in  the  itinerary  of 
the  journey. 

The  Eighth  Annual  Report  of  the  Geological  and  Geographical  Snrvey 
of  the  Territories  for  1874  (published  in  187G)  contains  far  more  than 
any  previous  publication  concerning  the  lignitic  strata.  In  that  por- 
tion contributed  by  Dr.  Haydeu  "  the  coal-bearing  beds  of  the  Laramie 
Plains  and  Colorado"  are  correlated  with  "the  vast  group  in  the  North- 
west," though  exception  is  made  of  "the  Bear  River  and  CoahUle 
group,"  vbich  Is  considered  Cretaceous. 

Dr.  A.  C.  Peale  published  in  this  volume  a  comparative  table  setting 
forth  the  various  opinions  that  h»d  prevailed  as  to  the  several  "groups" 
under  consideration.  Concerning  the  Green  Biver  and  Bridger  groups 
he  says  that  "  Profe.  Cope,  Leidy,  and  Marsh  consider  them  Eocene, 
basing  their  conclusions  on  the  discovery  of  vertebrate  organic  remains, 
while  Lesquereux  refers  them  to  the  Miocene,  fW)ai  bis  iuvestigatiooaof 
their  fossil  dora,  calling  the '  Liguitic'  group  Eocene." '  He  consideia 
that  "the  lignite-bearing  beds  east  of  the  mountains  in  Colorado  are  the 
equivalent  of  the  Fort  Union  group  of  the  Upper  Missouri,  and  are 
Eocene  Tertiary ;  also  th»t  the  lower  part  of  the  group,  at  least  of  the 
locality  200  miles  east  of  the  mountains,  is  the  equivalent  of  a  part  of 
the  liguitic  strata  of  Wyoming,"  while  "the  Judith  River  beds  have 
their  equivalent  along  the  eastern  edge  of  the  mountains  bolow  the 
Lignite  or  Fort  Union  group,  and  also  in  Wyoming,  and  are  Oretaceone, 
although  of  a  higher  horizon  than  the  coal-bearing  strata  of  Coalville 
aud  Bear  River,  Utah."^  Lesqoereus  gives  an  extended  argument  for 
the  Tertiary  age  of  the  lignitic  deposits. 

In  his  final  report  on  Invertebrate  P.ileontology  Meek  states  that  it 
"is  certainly  highly  probable"  that  the  Judith  River  beds  are  Cretaceous, 
altUoiigh  he  still  maintains  that  the  Fort  Union  beds  are  lower  Eocene. 
Further,  he  says,  "the  presence  or  absence  of  lignite  proves  nothing 
of  itself,  as  lignite  undoubtedly  occurs  in  both  Cretaceous  and  Tertiary 
rocks  in  the  far  West."  The  Wind  River  group  he  considers  to  be 
Miocene,  and  "probably  wholly  or  in  part  equivalent  to  that  since 
called  the  Bridger  group.™ 

The  geological  report  by  J.  S.  Newberry  of  the  exploring  expedition 
under  Capt.  .1.  N.  Macomb  in  1859  appeared  in  1876.  In  this  report 
the  deposits  that  had  been  given  the  name  of  Puerco  gronp  by  Cope 
are  described  and  referred  lo  the  upper  portion  of  the  Cretaceous. 

The  geology  of  the  Uinta  Mountains,  by  Maj.  J.  W.  Powell,  was 
published  in  1870.  In  this  report  the  Bitter  Creek  series  is  fully  dis- 
cussed by  Miij.  Powell  and  Dr.  White.  At  a  point  between  Black 
Buttes  and  Point  of  Bocks  a  "physical  break"  is  announced  that 

'Op.Blt.,  p.110.         ■D.S.QwdoKical  Surrey  of  (be  i:giTitoH«^Tol.>,181«.     'Op-olt.,  p.  U6. 
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affords  grounds  for  drawing  there  the  line  of  separation  between  the 
Mesozoic  and  Cenozoio  formations.  The  Poifit  of  Bocks  gronp  below 
the  break  is  referred  to  the  Cretaceoas,  the  Bitter  Greek  gronp,  above 
the  same,  to  the  Tertiary.    Maj.  Powell  says : 

All  of  the  plants  desoribed  by  Prof.  Lesqaerenx  and  collected  by  himself  and 
others  within  this  province  have  been  referred  by  him  to  divisions  in  the  Tertiary 
and  are  foand  in  strata  above  the  physical  break,  and  hence  I  agree  with  him  in  con- 
sidering them  Tertiary.  «  *  «  .The  conclusions  reached  from  a  stady  of  the  ver- 
tebrate paleontology  by  Proft.  Leidy,  Marsh,  and  Cope  entirely  harmonize  with  this 
division  of  the  Cenozolc  and  Mesozoic  J 

A  single  exception  is  cited. 

Dr.  White  arrived  at  conolasions  similar  to  those  of  Maj.  Powell. 
He  says: 

There  is  no  physical  break  in  the  Cretaceons  strata  from  the  base  of  the  series  to 
the  top  of  the  upper,  or  Point  of  Rocks  group,  at  which  horizon  there  is  at  all  ob- 
served points,  extending  over  a  large  region,  considerable  unconformability  by 
erosion  of  the  lower  strata  of  the  Bitter  Creek  group  npon  the  upper  strata  of  the 
Point  of  Rocks  group. > 

Overlying  the  Point  of  Bocks  gronp,  considered  the  top  of  the  Meso- 
zoic, are  the  following  groups,  that  were  held  by  Powell  and  White  to 
represent  the  Eocene:  (I)  Bitter  Creek,  (II)  Lower  Green  Biver,  (IH) 
Upper  Green  Biver,  (IV)  Bridger,  (V)  Browns  Park.  Each  group  is 
fully  characterized. 

The  Beport  on  Descriptive  Geology,  by  Messrs.  Arnold  Hague  and 
S.  F.  Emmons,  of  the  IT.  S.  Geological  Exploration  of  the  Fortieth  Par- 
allel, appeared  in  1877.  In  this  work  the  term  Lignitic  is  replaced  by 
that  of  Laramie^  which,  however,  was  first  used  on  advance  sheets  of  the 
atlas,  map  1,  that  appeared  in  1875.  The  deposits  of  that  formation  are 
referred  to  the  Cretaceous.  The  terms  (I)  Vermilion  Creek,  (II)  Green 
Biver,  (III)  Bridger,  (IV)  Uinta  are  employed  for  the  overlying  hori- 
zons, which  are  considered  Eocene.  Localities  in  Utah,  Wyoming,  and 
Nevada  are  mentioned  and  described. 

Concerning  the  taxonomy  of  the  lignitic  deposits  of  the  interior, 
Prof.  Marsh  says,  in  his  vice-presidential  address  delivered  before  the 
American  Association  for  the  Advancement  of  Science  in  1877  : 

The  boundary  line  between  the  Cretaceous  and  Tertiary  in  the  region  of  the  Rocky 
Monnto.in8  has  been  niuch  in  dispute  daring  the  last  few  years,  mainly  in  consequence 
of  the  uncertain  geological  bearings  of  the  fossil  plants  found  near  this  horizon.  The 
accompanying  invertebrate  fossils  have  thrown  little  lighten  the  .question,  which  is 
essentially  whether  the  great  lignite  series  of  the  west  is  uppermost  Cretaceous  or 
lowest  Eocene.  The  evidence  of  the  numerous  vertebrate  remains  is,  in  my  judg- 
ment, decisive  and  in  favor  of  the  former  view. 

The  higher  vertebrate  life  of  the  Tertiary  is  discnssed  at  leogth  and 
in  the  table  appended  the  Eocene  is  separated  into  fonr  divisions.  (I) 
Ooryphodon  beds.  (II)  "  Green  River  beds."  (Ill)  Diuoceras  beds. 
(IV)  Diplacodon  beds. 

•^■^^— —  ^.^— ^        I  ■■  ..  _  ■  ..  ■  III  ,,1  ■     -M  ■  ■»         -  ■_■■■_■■  ■■  ■■■■         I  ■  ■  ^^^^m^^^^,^^^^^ 

*  Op.  cit.,  pp.  71, 72.  *  Op.  cit. ,  p.  87. 
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Id  the  Ninth  AnnDal  Report  of  the  U.  S.  Geologicnl  and  Qeographical 
Survey  of  the  Territories  for  1875  (pablished  ia  1877),  Mr.  F.  M.  End- 
lich  describes  the  Puereo  marls,  together  with  the  *'  Post-Cretaoeoas " 
beds  of  the  Trinidad  region. 

The  volnme  upon  Paleontology  of  the  final  reports  of  the  U.  S.  Cleo- 
grapbical  Surveys  West  of  the  One  hundredth  Meridian  contains  de- 
scriptions of  Eocene  invertebrate  fossils  by  Dr.  White,  and  vertebrate 
fossils  by  Prof.  Cope.  The  latter  characterizes  the  Puereo  maris  at  con- 
siderable length,  which  he  states  are  overlain  by  sandstones  and  maris 
of  the  Wasatch  Group.    He  says  : 

Tbe  Piierco  mtu'ls  mny  belong  to  the  Eooeoe  Mrles,  in  view  of  their  strict  conform- 
ability  with  the  au  purl  no  am  bent  rocks  of  that  age.  Butthey  may  represent  the  Fort 
Uniuu  or  limits  beils  of  the  Upper  Missouri,  eome  of  whose  strata  they  resemble  in 
color  and  consistanoe.' 

The  same  year  Dr.  0.  A.  White  published  the  first  of  his  "  Paleon- 
tological  Papers  "  in  the  Balletin  of  the  U.  S.  Geological  and  Geograph- 
ical Survey  of  the  Territories.  The  late  Mesozoic  and  Cenozoic  &aua 
are  chiefly  described  in  these  contributions.  In  No.3a  table  of  the  dif- 
eront  groups  is  given,  in  which  tbe  term post-Cretaixoiu  is  suggested  to 
include  the  Laramie  of  King,  together  with  the  lower  portion  of  tbe 
Wasatch.  In  this  table  the  Judith  River  beds  are  correlated  with  the 
Laramie  and  the  Fort  Union  with  tbe  Wasatch,  After  showing  that  a 
few  forms  of  luoceramus  at  a  doabtful  horizon  of  the  Laramie  and  a 
single  species  of  Odoiitobasis,  considered  by  Meek  a  genua  character- 
istic of  the  Cretaceoas,  afford  the  only  invertebrate  evidence  for  the 
Mesozoic  age  of  the  lignitic  deposits,  he  maintains  that  many  forms  show 
a  marked  similarity  to  Wasatch  species.    In  this  connection  he  aays: 

It  is  iu  view  of  the  foots  here  stated,  and  also  beoanse  I  believe  that  a  proper  in- 
terpretation of  tbem  shows  tbe  strata  of  the  Laraoiie  gronp  and  tbe  baseof  the  Wa- 
satch to  be  of  later  date  than  any  others  that  have  bitbeito  been  referred  to  tbe  Cre- 
taoeoDs  period,  and  also  earlier  than  tbe  Eocene  epoch,  that  I  have  decided  to  desig- 
nate those  strata  as  post- Cretaceous,  at  least  proTisionally.' 

In  the  Tenth  Annual  Report  of  the  U.  S.  Geological  and  Geograph- 
ical Survey  of  tbe  Territories  for  1876  (published  iu  1878)  Dr.  White 
presents  a  "  table  of  correlated  geaeral  sections, "  in  which  the  Laramie 
groups  is  made  equivalent  to  the  Lignitic  group  of  Meek  and  Hayden, 
and  the  Laramie  group  of  King,  while  it  includes  all  of  the  Point  of 
Rocks  gronp  of  Powell,  together  with  the  lower  portions  of  the  Bitter 
Creek  group  of  the  last-named  author.  The  remainder  of  the  Bitter 
Greek  series  is  shown  to  be  commensurate  with  the  Wasatch  group  estab- 
lished by  Uayden,  and  later  termed  the  Vermilion  Greek  gronp  by  King. 
The  Green  River  and  Bridger  groups  are  exhibited  as  similarly  delimited 
by  the  several  authorities  quoted,  while  the  Uinta  group  equals  the 
Plioceneof  Hayden  and  Brown's  Park  group  of  Powell.    The  charac- 

1  op.  oit.,  p.  18.  •  VoL  3,  p.  B3B.  ■  The  more  gooenl  term.  poet-Cretaoean*.  ia  aUll  retained. 
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teristics  of  each  group  are  given  at  considerable  length,  together  with 
type  localities. 

Abandoning  the  position  as  to  general  unconformity  between  the 
Point  of  Rocks  and  Bitter  Creek  groups,  as  earlier  maintained  by 
Powell  and  himself,  he  says : 

The  fact  that  this  series  (Laramie)  passes  insensibly  into  the  Fox  Hills  group  and 
into  the  Wasatch  groap  above  renders  it  diffioalt  to  fix  upon  a  stratigraphical  plane 
of  demarkation  either  for  its  base  or  summit.  I  haye  therefore  decided  to  regard 
this  gronp  iis  essentially  a  brackish- water  one,  referring  all  strata  below  that  con- 
tain any  marine  Cretaceous  invertebrate  forms  to  the  Fox  Hills  gronp,  beginning 
this  series  with  those  strata  that  contain  brackish  and  fresh  water  forms,  and  ending 
it  above  with  those  strata  in  which  the  brack'ish- water  forms  finally  cease.  Thus 
defined,  the  whole  series  seems  to  form  one  natural  paleontological  group,  as  well  as 
to  be  a  sufficiently  distinct  stratigraphical  one,  for  which  I  have  adopted  the  name 
of  Laramie  group  of  King.  *  *  *  j  believe  that,  npon  the  evidence  of  inverte- 
brate paleontology,  the  Fox  Hills  group  is  later  than  the  latest  Cretaceous  strata  of 
Europe,  and  I  therefore  regard  the  Laramie  group  as  occupying  transitional  ground 
between  the  well  marked  Cretaceous  and  Tertiary  groups ;  but  the  opinion  is  only 
tentatively  held  until  further  facts  are  obtained.^ 

In  the  fourth  volume  of  the  Bulletin  of  the  17.  S.  Geological  and 
Geographical  Survey  of  the  Territories,  published  in  1878,  Dr.  White 
contributes  three  more  ^'  Paleontological  Papers  "  (6, 7  and  8),  in  which 
the  invertebrate  fauna  of  the  Laramie  is  discussed.  In  the  second  of 
these  papers  the  Laramie  group  is  given  a  much  wider  sign ihcance  than 
hitherto.    He  says : 

The  term  Laramie  gronp  is  here  used  to  Include  all  the  strata  between  the  Fox  Hills 
gronp  of  the  Cretaceous  period  beneath,  and  the  Wasatch  group  (=  Vermilion  Creek 
group  of  King)  of  the  Tertiary  period  above.  That  is,  it  includes,  as  either  subordi- 
nate groups  or  regional  divisions,  both  the  Judith  River  and  Fort  Union  series  of  the 
Upper  Missouri  River,  the  Lignite  series  east  of  the  Rocky  Mountains  in  Colorado, 
the  Bitter  Creek  series  of  southern  Wyoming  and  the  adjacent  parts  of  Colorado, 
and  also  the  Bear  River  Estuary  beds,  together  with  the  Evanston  coal  series  of  the 
valley  of  Bear  River  and  adjacent  parts  of  Utah.  Strata  of  this  great  Laramie  group 
are  known  to  exist  in  other  large  and  widely  separated  districts  of  the  western  por- 
tion of  the  national  domain.^ 

Concerning  the  stratigraphical  relations  of  the  series  of  deposits  over- 
lying the  Laramie  in  the  Green  Biver  Basin,  he  says : 

In  the  great  region  now  drained  by  the  Green  River  there  are  three  well  marked  grou  ps 
of  strata  that  come  in  their  order  above  the  Laramie  group,  and  which  all  agree  in  refer- 
ring to  the  Tertiary  period.  These  are  the  Wasatch,  Green  River,  and  Bridger  groups, 
named  in  ascending  order.  The  Wasatch  gronp  is  the  lowest  of  a  series  of  three  fresh- 
water Tertiary  groups,  all  of  which  are  intimately  connected,  not  only  by  an  evident 
continuity  of  sedimentation  throughout,  but  also  by  the  passage  of  a  portion  of  the 
molluscan  species  from  one  group  up  into  the  next  above.  Not  only  were  the  three 
groups,  aggregating  more  than  a  mile  in  thickness,  evidently  produced  by  a  continu- 
ous sedimentation,  but  it  seems  equally  evident  that  it  was  likewise  uninterrupted 
between  the  Laramie  and  Wasatch  epochs,  although  there  was  then  a  change  from 
brackish  to  fresh  waters  and  a  consequent  change  of  all  the  species  of  invetebrates 
inhabiting  those  waters. 

1  Op.  oit,  p.  38.  *  Op.  oit ,  p.  7X1. 
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The  seventh  volnme  of  the  Pinal  Reports  of  the  XJ.  S.  Qeologieat 
Sarveyof  theTerritorieaisby  Mr.  Leo  Le^gnereiix  on  "  Tertiary  Flora." 
lu  thiB  exhaustive  treatise  the  author  gives  a  fall  expression  of  his 
views  apoa  the  Laramie  group,  which  he  still  holds  to  be  Tertiary. 

The  same  year  Mr.  Glareiice  Riog  published  volnme  i  (SystemaUe 
Geology)  of  the  U.  8.  Geological  Exploration  of  the  Fortieth  Parallel. 
In  this  report  the  views  expressed  by  Messrs.  Hague  and  Emmons  in 
volame  n  (Descriptive  Geology)  are  more  fnlly  presented.  The  Lara- 
mie is  held  to  be  Cretaceous  and  the  Eocene  Tirrtiary  is  divided  into 
(1)  Vermilion  Creek  group,  (II)  Greeu  River  group,  (III)  Bridger  groap, 
(IV)  Uinta  group.  These  different  divisions  are  individually  ubarae- 
terized  at  considerable  length.  The  Fort  Union  beds  are  held  to  be 
Miocene,  and  the  northward  extension  of  the  White  River  group  of 
Nebraska.  He  states  that  unconformities  separate  the  Laramie  and 
Vermilion  Creek  deposits  as  well  as  the  members  of  the  Eocene  series 
themselves. 

Vol.  5  of  the  Bulletin  of  the  U.  S.  Geological  Survey  of  the  Terri- 
tx>ries  contaiuH  an  important  article  by  Cope  on  *'The  BelatiouB  of  tLe 
Horizons  of  Extinct  Vertcbrata  of  Europe  and  North  America."  In 
this  paper  the  various  groups  of  the  American  Eocene  are  compared 
with  those  of  Europe  upon  the  evidence  afforded  by  the  vertebrates. 
Concerning  the  Laramie  he  says  that  "  its  necessary  ^tosition  is  between 
the  Tertiary  and  Cretaceous,  but  on  the  Cretaceous  side  of  the  bound- 
ary," '  though  later  than  the  latest  horizon  of  the  French  Cretaceous. 
Acconling  to  Cope  the  post-Cretaceous  embraces  both  Laramie  and 
Puerco,thefonner  commeusarate  with  the  Judith  liiver  and  Fort  Uoiou 
deposits.  The  same  volume  contains  an  article  by  Peale  on  "  The 
Laramie  Group  of  Western  Wyoming  and  Adjacent  Regions." 

The  Eleventh  Annual  Report  of  the  V.  S.  Geological  and  Geograph- 
ical Survey  of  the  Territories  for  1877  (published  in-1879)  contains  an 
article  by  Endltch  upon  the  geology  of  the  Sweetwater  region.  The 
Laramie  group  is  assigned  to  the  post-Cretaceoas.  The  Sweetwater 
group  is  placed  abovo  the  Bridger  group,  which,  with  the  Green  River 
group,  are  considered  Miocene.  The  Wasatch  group  is  alone  referred 
to  the  Eloceue. 

Dr.  White  presents  a  moat  valuable  contribution  in  the  same  volume, 
based  upon  much  enlarged  collections  of  invertebrate  fossils  that  had 
been  made  by  him  from  tlie  Laramie  and  later  groups  duriug  the  pre- 
vious tield  season.  He  believes  in  "the  unity  of  all  the  principal 
brackish- water  deposits  hitherto  known  in  the  western  Territories, 
and  •  •  "  their  recoguitiou  iis  a  comprehensive  group  of  strata 
under  the  name  of  the  Laramie  group,  which  represents  a  great  period 
in  geological  time,  and  especially  such  iu  the  geological  history  of 
North  America."'    Aft«r  admitting  the  Cretaceons  aspect  of  tbever- 
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tebrate  faaua  of  the  Laramie  on  the  one  hand  aud  the  Tertiary  aspect 
of  the  flora  on  the  other,  he  states  that  the  invertebrate  fauna  is  ^^  silent 
on  the  subject^  of  the  taxonomy  of  the  deposits. 

Beferring  to  the  appearance  of  mammalia  in  great  variety  of  forms 
in  the  beds  immediately  overlying  the  Laramie,  he  says : 

Such  suddeuness  of  iatrodaotion  makes  it  almost  certain  that  it  was  caused  by  the 
removal  of  some  physical  barrier,  so  that  ground  which  was  before  potentially  Ter- 
tiary became  so  by  actual  faunal  occupancy.  In  other  words^  it  seems  cert<aiu  that 
the^e  Tertiary  mammalian  types  were  evolved  in  some  other  region  before  the  close 
of  the  Laramie  period,  where  thoy  existed  contemporaneously  with  at  least  the  later 
Laramie  Dinosaurians  of  Cretaceous  types,  and  that  the  barrier  which  separated  the 
fauniB  was  removed  by  some  one  of  the  various  movements  connected  with  the  evo- 
lution of  the  continent.  The  climate  and  other  physical  conditions  which  were 
eesentinl  to  the  existence  of  the  Dinosaurians  of  the  Laramie  period  having  evidently 
been  continued  iuto  the  Tertiary  enochs  that  are  represented  by  the  Wasatch,  Green 
River,  and  Bridger  groups,  they  might  doubtless  have  continued  their  existence 
through  those  epochs  as  well  as  through  the  Laramie  period  but  for  the  irruption  of 
the  mammalian  horde,  to  which  they  probably  soon  succumbed  in  an  unequal  strug- 
gle for  existence.^ 

The  same  volnme  contains  a  "  Beport  on  the  Geology  of  the  Green 
Biver  District,"  by  Dr.  A.  0.  Peale,  in  which  the  Laramie  is  referred  to 
the  post-Oretaceons,  the  Wasatch,  Green  Biver,  and  Bridger  groups  to 
the  Tertiary,  the  two  latter  to  the  Miocene.  Detailed  descriptions  are 
given  of  these  various  groups  in  the  area  investigated. 

In  the  American  Naturalist  for  1879  Prof  Cope  ^  describes  <'  The 
Amyzon  Tertiary  Beds"  of  Osino  and  Elko,  Nevada. 

The  following  year  the  same  writer,^  in  the  Proceedings  of  the  Amer- 
ican Philosophical  Society,  again  refers  to  the  Amyzon  beds,  and  also 
describes  the  ^^  Manti "  beds  of  Utah.  The  latter  deposits  are  further 
characterized  in  the  American  Naturalist  ^  of  that  y^r. 

The  sixth  volnme  of  the  Bulletin  of  the  U.  S.  Geological  and  Geo- 
graphical Survey  of  the  Territoi^ies,  published  in  1882,  has  two  impor- 
tant contributions  upon  the  Eocene ;  the  first  by  Prof.  Oope,  ^^  On  the 
Vertebrata  of  the  Wind  Biver  Eocene  Beds  of  Wyoming,"  the  second 
by  Prof.  Scudder  on  "  The  Tertiary  Lake  Basin  of  Florissant,  Colorado, 
between  South  and  Hayden  Parks." 

The  Twelfth  Annual  Beport  of  the  IT.  S.  Geological  and  Geograph- 
ical Survey  of  the  Territories  for  1878  (published  in  1883)  contaius 
further  contributions  by  Dr.  White  on  the  Laramie  and  later  groups, 
with  descriptions  of  many  new  species. 

In  the  same  volume  is  a  report  by  St.  John  on  the  geology  of  the 
Wiud  Biver  district.  The  character  of  the  Wind  Biver  Eocene  and 
its  relations  to  the  other  deposits  are  stated. 

A  paper  upon  the  ^^  Tertiary  Lake  Basin  at  Florissant,  Colorado,"  by 
Dr.  Scudder,  appears  in  the  same  report,  reprinted  with  additions  and 
alterations  from  the  Bulletin. 


'  Op.  cit.,  p.  266.  *  Am.  Phil.  Soc..  Proc..  toL  19, 1880,  p.  60-42. 

*  Am.  Nat,  voL  13, 1879,  p.  332.  «  Am.  Nat.,  vol.  14, 1880,  pp.  303, 304. 
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Iq  the  Second  Anonal  Report  of  tbe  17.  S.  C^eolo^cal  Sarvey,  Ca|>L 
G.  E.  Duttou  coctributes  a  paper  upon  "  Tbe  Physical  G«ology  ot  the 
Grand  CaQon  District,"  in  which  be  states  that  tbe  Lower  Bocene  only 
is  represented  iii  that  re^on.  To  the  north,  first  tbe  Middle  £k>cene, 
and  then  the  Upper  Eocene  appear,  while  the  entire  series  becomes 
represented  as  the  Uiutu  Mountains  are  approached.  He  thinks  the 
Middle  and  Upper  Eo«eue  were  never  deposited  in  the  Grand  Oarion 
country.  Similar  conclusions  are  maintained  by  the  same  writer  in 
Monograph  II  of  the  U.  3.  Geological  Survey,  entitled  ''The  Tertiaiy 
History  of  the  Grand  GaQon  District." 

In  the  American  Naturalist  for  1882  Prof.  Cope'  cootribateil  an  ira- 
{wrtant  paper  on  "The  Tertiary  Formations  of  the  Central  Region  of 
the  United  States."  In  this  article  the  Iradiug  characteristics  of  tbe 
Pnerco,  Wasatch,  Bridger,  and  Uinta  groups  are  presented. 

In  an  article  in  the  Proceedings  of  the  American  Philosophical  So- 
ciety, a  ''Synopsis  of  the  Vertebrata  of  tbe  Pueroo  Eocene  Epoch"* 
is  given  by  the  same  writer.  Some  points  of  difference  shown  in  the 
Puereo  deposits  fixim  true  Eocene  strata  are  stated. 

The  Third  Annual  Report  of  the  U.  S.  Geological  Snrrey,  published 
in  1883,  contains  "A  Review  of  the  ^onmarine  Fossil  Mollosca  of 
North  America,"  by  Dr.  White.  In  this  paper  Dr.  White  reiterates  his 
former  statements  as  to  tbe  transiiional  position  of  the  Laramie  gronp. 
He  says : 

Geologisttt  are  not  kgreed  ad  to  wliether  this  great  group  abmiM  be  ceferred  to  the 
Tertiary  or  CruUceoaa  period,  some  oontendtng  for  tbe  forner  and  some  for  the  lat- 
ter rerereoce.  Tbe  truth  appears  to  lie  between  the  two  opiaions,  and  I  have  elie- 
nbere  presealed  reosoDS  for  regnrdiug  tbia group  aaoocnpfingntransitional  poeitioo 
Uetneen  tbe  CretactAtis  and  Tertiary,  •  •  •  aud  therefore  as  ropreseutiog  ■ 
period  partaking  ot  both  the  Mesoxoic  uid  CeDOZoio  ages.* 

Concerning  the  extent  of  the  Laramie  he  says: 

The  "Judith  River  group,"  "Fort  Uuion  group,""  Ligultio  gronp,"  "Bitter  Creek 
CuHl  series,"  "  Poiot  ol'  Rocks  group,"  and  "  Beat  River  Estnary  beds  "  are  all  parts 
of  tbe  great  Laramie  group,* 

The  position  to  be  assigned  to  the  overlying  deposits  is  thus  stated 
by  Dr.  White : 

The  "  Wasatoh  groop,"  "  Vermilion  Creek  gronp,"  and  "  Bitter  Creek  gronp  "  are 
regarded  as  at  least  approximately  equivaieot  strata,  coitslituting  tlie  oldest  niemlwr 
of  tbo  purely  fresb-water  Eocene  Tertiary  series  of  dnposits  in  the  West.  The  Green 
Biver  aad  Bridger  gronps  are  respectively  the  second  ami  tbint  members  of  that 
fresh-nater  Eocene  series.  The  Wind  Biver  group  of  Wyoming  is  regarded  as  of 
Eocene  age." 

The  same  year  there  appeared  in  the  American  Journal  of  Science  a 
paper  by  Dr.  White,^  entitled  "  Late  Observations  concerning  the  Mol- 
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lascan  Fauna  and  Geographical  Extent  of  the  Laramie  Group,"  in  which 
he  says : 

That  aay  trne  Laramie  strata  ever  alternate  with  those  of  the  Fox  Hills  group  or 
any  other  marine  Cretaceous  group,  or  that  any  true  marine  fossils  were  ever  collected 
from  any  strata  of  the  Laramie  group,  I  can  not  admit.  I  regard  all  such  statements 
as  a  result  of  a  misunderstanding  of  the  stratigraphioal  geology  of  the  region  in 
which  such  observations  are  said  to  have  been  made. 

In  volume  vni  of  the  Final  Reports  of  the  U.  S.  Geological  Survey  of 
the  Territories  upon  ^^  Cretaceous  and  Tertiary  Flora,"  published  in 
1883,  the  author,  Mr.  Leo  Lesquerenx,  still  maintains  the  Eocene  age  of 
the  Laramie  group. 

In  an  article  in  the  Neues  Jahrbuch  fiir  Mineralogie,  Geologic,  and 
Palaeontologie  for  1884,  M.  Neumayr  places  the  Laramie  group  in  a 
parallel  position  with  the  Intertrappean  beds  of  the  Deccan  in  Hindo- 
stan,  and  between  the  Cretaceous  and  the  Eocene.  Lists  of  similar 
fossil  plants  from  the  two  areas  are  given. 

"A  Review  of  the  Fossil  Ostreidse  of  North  America,"  by  Dr.  White, 
appears  in  the  Fourth  Annual  Report  of  the  U.  S.  Geological  Survey, 
published  in  1884.  In  this  article  the  author  compares  the  conditions  of 
the  Laramie  Sea  to  the  Caspian,  in  which  the  waters  are  fresher  than 
those  of  the  ocean. 

Profl  Cope^  presents  a  short  paper  on  '^The  Relations  of  the  Puerco 
and  Laramie  Deposits"  in  the  American  Naturalist  for  1885,  in  which 
he  says : 

Some  writers  having  suspected  the  identy  of  the  formations  above  named  and  the 
consequences  which  follow  that  the  Puerco  mammalian  fauna  was  contemporary 
with  the  dinosaurian  fauna  of  the  Laramie  age,  the  following  observations  on  tlieir 
stratigraphic  relations  are  now  given.  At  the  locality  where  best  developed  the 
Puerco  beds  have  a  thickness  of  about  850  feet  and  contain  mammalia  to  the  base. 
The  Laramie  beds  succeed  downward  conformably,  it  is  thought  by  Mr.  Baldwin, 
and  have  a  thickness  of  2,000  feet  at  Animas  City,  New  Mexico.  They  rest  on  Fox 
Hills  marine  Cretaceous  of  less  thickness. 

Concerning  the  taxonomy  of  the  Puerco  group,  Prof.  Cope  now  re- 
cedes from  his  formerly  expressed  opinion  that  the  beds  are  Eocene, 
and  maintains  their  Cretaceous  affinity  on  account  of  '*  the  absence  of 
Perissodactyla  and  Bodentia,  and  of  course  of  mammalian  orders  not 
found  below  the  Aiiocene.  •  •  *  and  in  the  constitution  of  the 
mammalian  fauna  by  Condylarthra,  Bunotheria,  and  Marsupialia."  The 
Puerco  group  is  placed  in  the  post-Cretaceous,  which  ^'  a^  a  wliole  may 
be  ultimately  distinguished  from  the  Tertiary  by  these  peculiarities 
[given  above],  together  with  the  reptilian  genus  Champsosaurus." 

In  a  presidential  address  upon  '^The  Application  of  Biology  to  6eo« 
logical  History,''  delivered  by  Dr.  White*  at  the  Fifth  Anniversary  Meet- 
ing of  the  Biological  Society  of  Washington,  January  24, 1885,  the 

author  reviews  briefly  the  conflicting  nature  of  the  evidence  afi^brded 
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by  tbc  vertebrate  atid  invertebrate  rannas  and  the  flora  uf  tbo  Laramie 
gronp. 

Id  tbe  Fiftb  Anunal  Eeport  of  tbe  IT.  S.  Geological  Sarvey,  and 
later  in  Mouograpb  X  of  tbe  same,  Prof.  Marsb  divides  tbe  Eocene 
into  four  groups,  basing  bis  divisions  upon  Ibe  vertebrate  fossils:  (I) 
CorypbodoD  [Wasatcb]  beds,  (11)  Ueliobatis  [Ureeo  RiverJ  bed»,  (111) 
Dinoceras  [BridgeiJ  beds,  (IV)  Diplacodou  [tJintn]  beds. 

Tlie  most  exhaustive  treatise  upon  the  literature  of  tbe  Laramie  is  to 
be  found  iu  a  "Synopsis  of  tUe  Flora  of  the  Laramie  Group,"  by  E^f. 
L.  F.  Ward,  that  appeared  in  the  Sixth  Annual  Report  of  tbe  U.  S. 
Geological  Survey,  published  in  1885.  It  has  afforded  an  outline  for 
the  present  chapter,  so  far  as  the  history  of  opinion  apou  the  Laramie 
is  concerned.  This  imi>ortant  paper  presents  ua  with  tbe  latest  views 
that  paleobotany  has  to  offer  upon  the  interesting  problems  presented 
by  the  Laramie  formation. 

Tbe  writer  says : 

Tbe  discDsaionH  with  regard  to  the  age  of  the  Latamie  groap,  which  have  been 
rapidly  passed  in  review,  have  perhaps  aufflcieatly  shown  that  it  is  impoaaible  to 
refer  that  gronp  either  to  the  CretauttoiiH  or  tbo  Tertiary,  and  in  so  doing  hartooniu 
all  the  facta  that  the  groap  pieseuts  with  thuw  in  cunfunnit;  with  which  other  de- 
posits in  other  couotrles  of  the  world  Lave  been  so  referred  ;  hat  thoy  have  also  aaf- 
fioientlj  shown  that  this  is  uut  the  fuuU  of  the  investigators,  bnt,  so  to  speak,  of 
the  facts,  and  that  the  real  disagreement  is  in  the  organic  forms  and  the  natnre  of 
the  deposits,  ao  that  omniscience  itself  could  never  harmonize  them  with  all  kindi 
o(  forms  and  deposits  in  all  parts  of  the  norU.  It  is,  therefore  fatilo,  and  indeed 
puerile,  longer  to  discass  this  (luestiou,  and  we  may  welt  afford  to  dismiss  it  alto- 
gether and  settle  down  to. the  more  serious  stnd;  of  the  real  problems  which  still  lie 
before  us.' 

In  this  rei>ort  Prof.  Ward  shows  that  over  20  species  of  plants  are 
common  to  the  Laramie  and  Oreen  Hirer  groups. 

Tbe  "Relation  of  tbe  Laramie  Mollugcan  and  Fresh-water  Eocene 
Fannas"  is  discussed  by  Dr.  White  in  Bnlletiu  34  of  tbe  U.  S.  Geolog- 
ical Survey,  published  iu  1886.  In  this  report  Dr.  White  states  that 
there  is  no  known  case  of  a  marine  Cretaceous  form  having  lived  on 
into  Laramie  time,  though  it  is  probable  that  some  estuariue  species 
may  have  done  so.  He  tnentions  the  iiersiatence,  however,  of  Laramie 
fresh-water  forms  into  tbe  Wusatcb.  The  Bear  River  Estuary  beds 
are  placed  intermediate  between  tbe  Cretaceous  and  Eocene,  and  prob- 
ably synchronous  with  tbe  Lanimie,  though  possessing  a  wholly  dif- 
ferent fauna.  The  Puerco  beds  are  shown  to  possess  an  entirely  difier- 
ent  vertebrate  fauna  from  the  Laramie  below  and  the  Wasateh  above, 
with  both  of  which  they  are  conformable.  Tbe  author  thinks  they 
may  represent  tbe  lower  portion  of  the  Wasateh  of  Utah.  The  up)>er 
portion  of  the  Fort  Union  beds  is  provisionally  correlated  with  tbe  base 
of  the  Wasatch. 

In  Bulletin  37  of  tbe  TJ.  S.  Geological  Survey,  published  in  1887,  Mr. 
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L.  F.  Ward  discnssea  the  ^^  Types  of  the  Laramie  Flora,"  in  which  new 
data  are' added  to  the  torlier  '* Synopsis"  that  appeared  in  the  Sixth 
Annaal  Report. 

The  same  year  Dr.  White  published  in  the  American  Joarnal  of  Sci- 
ence an  important  paper  ^  entitled  '^  On  the  Inter-Belation  of  Contem- 
poraneous Fossil  Faunns  and  Floras."  In  this  article  he  says :  ^^  That 
faanas  and  floras  of  Cretaceous  and  Tertiary  types  should  have  existed 
contemporaneously  is  not  strange,  for  a  similar  diversity  now  exists  as 
regards  the  living  faunas  and  floras  of  different  parts  of  the  world." 
The  sudden  appearance  of  so  many  various  mammalian  types  he  main- 
tains was  due  to  '^  the  removal  from  time  to  time  of  certain  physical 
barriers  which  previously  restricted  the  dispersion  of  those  faunas." 
He  considers  that  sedimentation  from  ^<  the  Laramie  to  the  Bridger 
groups  inclusive  was  at  no  time  everywhere  interrupted,"  and  thus  there 
is  an  '^  unbroken  continuity  of  invertebrate  and  plant  life." 

A  year  later  an  article  by  the  same  writer  <<  On  the  Relation  of  the 
Laramie  Group  to  Earlier  and  Later  Formations  "^  contains  reference  to 
the  Laramie  of  Texas  and  its  position  as  regards  the  marine  Eocene  of 
the  Gulf  St>ates.  The  author  inclines  to  the  view  that  the  coal-bearing 
strata  of  the  Laramie  are  the  equivalent  in  part  at  least  of  the  ^^  North- 
ern Lignitic  "  of  Hilgard. 

In  the  American  Naturalist  for  1887  ^  and  American  Geologist  for 
1888^  Prof.  Cope  presents  reports  upon  the  ^'  Mesozoic  and  Cenozoic 
Kealms  of  the  Interior  of  North  America."  In  each  of  these  papers 
the  Laramie  and  Puerco  are  referred  to  the  "  Post-Cretacic  system," 
while  the  Eocene  is  divided  into  the  (I)  Wasatch,  (II)  Wind  Biver,  (III) 
Bridger,  (lY)  Diplacodon  beds,  or  Uinta.  Two  other  formations  that 
he  considers  ''  contemporary  with  one  or  more  of  these  "  are  the  Amy- 
zon  beds  and  the  Green  Biver  shales. 

The  stratigraphical  relations  of  certain  deposits  in  the  vicinity  of 
Denver  that  had  hitherto  been  considered  Laramie  are  discussed  by 
Mr.  George  H.  Eklridge*  and  Dr.  Whitman  Cross®  in  the  Proceedings 
of  the  Colorado  Scientific  Society  for  1888.  These  beds  are  readily 
divided  on  both  lithological  and  stratigraphical  grounds  into  two 
groups ;  the  lower  called  the  Arapabo,''  unconformable  to  the  Laramie ; 
the  upper,  the  Denver,  unconformable  to  the  Arapaho.  The  more 
detailed  evidence  for  their  separation  from  the  Laramie  will  be  given 
later. 

In  the  Eighth  Annual  Beport  of  the  U.  8.  Geological  Survey,  pub- 
lished in  1889,  Prof.  Ward  contributes  a  paper  on  "  The  Geographical 


1  Am.  Jour.  Sci.,  3d  ser.,  toL  33, 1887,  pp.  364-374. 
s  Ibid.,  vol.  35,  1P88.  pp.  432-438. 
•Am.  Nat.,  vol.  21,  1887,  pp.  445-462. 
«Am.  Geologiat.  vol.  2,  19S8,  pp.  265-267.  285-299. 

*The  Mining  Industry,  voL  3, 1888,  No.  3,  pp.  24, 25  ;  No.  4,  pp.  33-35 ;   No.  5,  pp.  44^5,  and  Colorado 
Soi.  Soo.,  Proc.,  voL  3, 1888,  pp.  86-118. 
•  Colorado  Sci.  Soc,  Proo.,  vol;  3, 1888,  pp.  119-133.    Am.  Jour.  Sci.,  3d  tier.,  vol.  37.  1889,  pp.  261-282. 
'In  eailler  articles  called  the  "  Willow  Creek  beds." 
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Distribntion  of  Forail  Plants."  Tbe  Eocene  localities  tfaroaghont  tbe 
iDterior  region  wbere  foesil  leaves  have  been  fonnd  are  cited  and  tbe 
literatore  of  tbe  sabject  freely  qaoted.  A  map  sbowiogr  the  distribn- 
tioD  of  fossil  plants  in  tbe  United  States  is  added. 

Tbe  vice-presidential  address  of  Dr.  White '  at  tbe  Toronto  meeting 
of  tbe  American  Association  for  the  Advancement  of  ScieDce  is  a  most 
valuable  contribution  to  tbe  present  discnssion  of  tbe  application  of 
tbe  European  scheme  of  classification  to  the  strata  of  the  North  Ameri- 
can continent.  That  minate  correlation  is  impracticable  is  clearly 
shown.  Tbe  Laramie  gronp  is  discussed  in  tbe  light  of  recently  le- 
Quired  data. 

Id  tbe  Balletinof  tbe  Geological  Society  of  America,  volomeiipub 
lished  in  1890,  is  an  abstract  of  a  paper  upon  "  The  Laramie  Group," 
presented  by  Pro£  J.  8.  Newberry.  In  this  article  Dr.  Newberry  de- 
clares "  that  the  fioras  of  tbe  Laramie  and  Fort  Union  groups  ate 
totally  distinct,  and  that  these  formations  should  be  referred  to  differ- 
ent geological  systems — the  Fort  Union  to  the  Tertiary,  the  Laramie  to 
the  Oretaceons." *  In  the  discussion  that  follows  he  says:  "In  my 
judgment  the  Laramie  is  tbe  top  of  the  Gretaceons  system,  I  do  not 
know  why  it  should  be  called  post-Cretaceous.  It  is  Lme  there  mnst 
be  somewhere  connectiug  links  between  the  Oretaceons  and  the  Ter- 
tiary, •  •  •  but  I  know  of  no  evidence  that  the  Laramie  is  such  a 
passage- bed."  Dr.  Newberry  maintains  "the  interlocking  of  the  Lara- 
mie and  Fox  Hills  formatioDS  from  several  localities."  In  tbe  discns- 
sion Prof.  Ward  admits  that  the  floras  of  the  Fort  Union  beds  and  the 
Laramie  of  Colorado,  Wyoming,  and  New  Mexico  "are  not  identical— 
they  are  very  different,"  yet  he  maintains  that  there  are  eight  or  ten 
identical  species;  not  one,  as  stated  by  Dr.  Newberry.  Further  he 
says :  "  Whatever  may  be  true  in  regard  to  a  difference  of  age— and  it 
seems  to  me  that  the  two  must  go  together — I  am  quite  satisfied  that 
a  warmer  climate  prevailed  during  the  period  of  the  deposition  of  Uie 
Wyoming  and  Colorado  beds  than  that  which  prevailed  during  the  dep- 
osition of  tbe  Fort  Union  bods." 

An  importAut  contribution  to  the  stmctnral  relations  of  the  Interior 
Eocene  was  presented  at  the  same  meeting  by  8.  F.  Emmons^  in  a 
paper  on  the  "  Orographic  Movements  in  the  Rocky  Mountains." 

The  reader  has  doubtless  observed  that  in  the  present  chapter  much 
more  attention  has  been  devoted  to  tbe  Laramie  and  Puerco  groups 
than  to  tbe  later  horizons.  Tbis  has  been  rendered  uecessai?  on  ac- 
count of  the  wide  difference  of  opinion  that  has  existed  among  those 
who  have  studied  these  groups  and  tbe  mncfa  more  extensive  literature 
that  has  resulted  therefrom.  Where  there  has  been  practical  agree- 
meut  as  to  the  interpretation  of  facts  simple  reference  to  the  articles  of 
importance  has  been  deemed  snfBcient.    For  the  reasons  cited  tbe  lit- 

■Op  0)1, p. Sit, 
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eratare  of  the  Interior  region  has  thus  required  fuller  treatment  than 
that  of  either  the  Atlantic  and  Oulf  Ooast  or  Pacific  Ooast  regions. 

STBATiaRAPHIOAIi  AND  PALEONTOLOGMOAX  OHABAOTEBISTIOS. 

GENERAL  REMARKS, 

From  what  has  been  stated  in  the  previous  pages,  it  is  obvious  that 
very  diverse  opinions  have  existed  as  to  the  delimitation  of  the  Eo- 
cene of  the  Interior.  Quite  general  unanimity  prevails  at  the  present 
time  as  to  the  position  to  be  assigned  to  the  boundary  between  the 
Eocene  and  the  Neocene,  while  hardly  two  writers  agree  as  to  the  line 
of  demarcation  between  the  Eocene  and  Cretaceous. 

This  wide  divergence  of  opinion  among  those  who  have  had  opportuni- 
ties for  extensive  observation  may  be  found  in  the  use  of  different  classes 
of  facts  and  in  the  investigation  of  different  areas.  In  the  case  of  many 
writers  stratigraphical  data  alone  have  been  employed  in  the  consider- 
ation of  the  Eocene,  while  paleontological  evidence  has  been  for  the 
most  part  ignored.  Others,  holding  the  stratigraphical  relationship  of 
the  beds  to  be  less  important,  essayed  by  the  use  of  paleontological 
data  to  interpret  the  taxonomy  of  the  deposits.  Of  the  latter,  two 
classes  of  investigators  have  been  prominent,  the  one  judging  the  evi- 
dence entirely  from  the  standpoint  of  paleobotany,  the  other  from  that 
of  vertebrate  paleontology.  As  the  development  of  the  plants  and 
animals  in  the  Interior  region  has  not  been  along  the  same  parallel  lines 
as  in  other  areas,  much  confusion  has  resulted  from  an  attempted  cor- 
relation of  the  strata.  By  the  vertebrate  paleontologist  much  has  been 
included  within  the  Cretaceous  that  the  paleobotanist  has  referred  to 
the  Eocene.  Fortunately  there  appears,  at  the  present  time,  a  ten- 
dency to  view  the  evidence  in  its  entirety  rather  than  to  employ  any 
single  class  of  facts  in  determining  the  age  of  the  various  deposits. 

The  physical  changes  that  took  place  during  and  subsequent  to  the 
formation  of  the  Eocene  deposits  have  so  fully  determined  the  charac- 
ter of  the  strata  that  a  brief  statement  of  the  more  important  is  imper- 
ative. For  the  elucidation  of  these  points  geology  is  indebted  to  Dr. 
White,  and  in  the  succeeding  statement  his  ideas  are  largely  followed. 

Previous  to  the  opening  of  the  Eocene  period  an  open  sea  had  long 
prevailed  over  the  western  Interior  region,  in  which  a  series  of  argilla- 
ceous and  arenaceous  sediments  of  great  thickness  had  accumulated. 

Throughout  these  deposits  are  found  widely  represented  the  typical 
marine  forms  of  the  Cretaceous. 

With  the  elevation  of  physical  barriers  to  the  south  the  salt  waters 
become  brackish,  the  previous  types  of  marine  life  could  no  longer  main- 
tain themselves  within  the  area,  and  gave  place  to  other  forms  better 
adapted  to  the  changed  habitat.  Although  the  in  fluence  of  these  altered 
conditions  is  manifested  in  the  aqueous  fauna,  the  continental  animal 

life  Qf  tbe  preyioos  age  was  able  to  maiatain  itseU  iox  a  louder  tm^ 
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dinosanriati  types,  chftrtwiteriBtic  of  the  Cretaceous,  persisted  till  the 
close  of  the  braokish-water  period. 

With  the  still  further  increase  of  the  physical  barriers  the  brackish- 
water  conditions  were  changed  to  fresh  watery  in  some  cases  the  in- 
vertebrate forms  continued  their  existence,  bnt  on  acconat  of  anknown 
causes  a  marked  change  occnrred  in  the  vertebrate  life.  There  was  a 
eudilen  appearance  of  highly  deTeIoi)ed  mammalian  types  that  must 
have  existed  for  a  long  time  without  the  Interior  region,  and  contempor- 
apeoosly  with  the  dtnosaurian  fauna  within  the  area.  Whether,  as  baa 
been  suggested,  the  disappearance  of  certiiin  barriers  to  their  migration 
suddenly  admitted  the  mammalia  that  in  the  straggle  for  existence  soon 
overcame  the  reptilian  fauna  that  had  continued  here  to  a,  later  date 
than  elsewhere  will  probably  never  be  solved,  but.  the  explanation  given 
affords  a  good  working  hyi>othesis. 

The  grent  fresh-water  lakes  contioned  with  successively  diminished 
areas  during  the  remainder  of  the  Eocene  period.  With  the  advent  of 
the  Neocene  an  extensive  regiou  was  again  covered  with  fresh-water 
lakes  which  Qnally  became  drained  in  the  orographic  movements  accom- 
panying the  elevation  of  the  Rocky  Monntains.  A  few  salt  lakes  alone 
remain  to  mark  their  former  extension. 

During  late  Tertiary  and  post-Tertiary  times  the  great  elevation 
that  the  Interior  region  receive<l  has  admitted  of  extensive  Uenmlation 
throughout  the  area  covered  by  Eocene  strata.  This,  added  to  the  arid 
climatic  conditions  prevailing  widely  throughout  the  territory,  has 
afforded  advantages  for  geological  investigations  not  to  be  found  in 
either  the  Atlantic  and  Gulf  Coast  or  Pacific  Coast  regions.  Largely 
on  account  of  these  facts  tlie  stratigraphy  of  the  Interior  Eocene  lias 
been  more  accurately  determined  than  that  of  either  of  the  regions 
previously  described.  Accordingly,  a  consideration  of  the  Eocene  of 
the  Interior  under  geographical  limitations  may  be  dispensed  with  and 
the  formation  discassed  nuder  its  various  subdivisions. 

LAKAHIK  OKOUP. 

The  strata  of  the  Interior  regiou,  described  under  the  name  of  the 
Laramie  group,  have  been,  for  reasons  already  briefly  cited,  referred  by 
some  writers  to  the  Cretaceous,  by  others  to  the  Eocene.  lu  the  face 
of  this  conflicting  evidence,  and  for  reasons  stated  later,  I  have  consid- 
ered that  the  Laramie  strata  are  to  be  referred  partly  to  the  one  hori- 
zon, partly  to  the  other.'  As  the  investigation  of  the  deposits  has  thns 
far  failed  to  reveal  any  satisfactory  evidence  as  to  the  exact  position  of 
the  dividing  line,  the  entire  series  will  be  briefly  outlined. 

The  term  Laramie  was  first  employed  by  members  of  the  U.  9.  Geo- 
logical Exploration  of  the  Fortieth  Parallel,  and  finds  expression  in 
Vol.  I,  Systematic  Geology  (1878),  and  Vol.  II,  Descriptive  Geology 
(1877)  of  the  reports  of  that  organization.    It  bad  already  appeared  ou 
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map  1  of  the  atlas,  which  was  distributed  ia  1875.  Hitherto  the  name 
Lignitic  group,  early  proposed  by  Dr.  Hayden,  had  been  the  generally 
accepted  taxonomic  term,  though  certain  lignitic  deposits,  not  cor- 
related with  that  formation,  had,  at  the  same  time,  received  local  names 
from  the  place  of  their  occurrence.  The  Judith  Biver  beds,  the  Fort 
Union  beds,  the  Bear  Biver  Estuary  beds,  etc.,  had  been  thus  desig- 
nated by  different  writers  and  referred  to  various  horizons  in  the  geo- 
logic column.  The  term  post-Cretaceous,  suggested  by  Dr.  White,' 
found  acceptance  for  a  time,  but  has  been  now  for  the  most  part  aban- 
doned, as  it  soon  was  by  himself. 

The  territory  in  which  the  Laramie  group  is  represented  covers  a 
wide  area  along  the  eastern  flank  of  the  Kocky  Mountains,  extending 
from  the  region  of  its  typical  development  in  Wyoming  and  Colorado 
northward  across  Montana  into  Canada,  and  southward  across  New 
Mexico  and  Texas  into  Mexico.  From  the  Bocky  Mountains  it  extends 
eastward  to  the  Great  Plains.  To  the  west  of  the  Bocky  Mountains  it 
is  found  somewhat  less  widely  represented,  occnring  in  Wyoming,  Utah, 
Colorado,  and  New  Mexico. 

The  deposits  are  chiefly  sandstones,  shales,  and  lignites.  King  has 
estimated  the  thickness  of  the  strata  on  the  eastern  flank  of  the  Bocky 
^lountains  in  Colorado  at  1,500  feet,  while  in  southwestern  Wyoming 
the  same  observer  has  placed  the  thickness  at  5,000  feet. 

Over  wide  areas  the  strata  lie  approximately  horizontal,  though  due 
to  the  great  orographic  movements  that  have  taken  place  in  the  Inte- 
rior region  the  beds  are  often  highly  tilted.  The  Laramie  is  found  rest- 
ing conformably  upon  the  next  older  or  Fox  Hill  group,  of  whose  Creta- 
ceous age  no  doubts  have  been  expressed.  Overlying  the  Laramie  con- 
formably at  some  points,  though  unconformably  at  others,  is  the  Wasatch 
group,  of  whose  Eocene  age  similar  unanimity  of  opinion  is  found.  The 
question  that  presents  itself  then  is  whether  the  Laramie  is  to  be  placed 
with  the  Cretaceous  on  the  one  side  or  with  the  Eocene  on  the  other  of 
the  Mesozoic-Cenozoic  dividing  line. 

We  have  found  that  the  evidence  presented  by  vertebrate  paleontol- 
ogy unbestitatingly  points  to  the  Cretaceous,  from  tbe  presence  of 
Dinosauria,  which  elsewhere  are  not  found  later  than  the  closing  epoch 
of  the  Mesozoic.  In  fact  the  uppermost  beds  of  the  liguitic  series  have 
afforded  dinosanrian  remains.  Cope,  however,  holds  to  the  term^^  post- 
Cretacic''  for  the  Laramie  and  Puerco  groups,  thus  conceding  a  later 
age  to  the  lignitic  series  of  the  West  than  many  vertebrate  paleontolo- 
gists. 

The  weight  of  authority  of  the  paleobotanists  has  afforded  the  chief 
support  to  the  Eocene  position.  The  types  of  plant  life  are  decidedly 
late  and  several  are  identical  or  closely  allied  to  living  forms.  More- 
over, tbe  Tertiary  floras  of  other  parts  of  the  world  are  closely  parallel 

to  that  of  the  Laramie.    So  late  is  the  general  aspect  of  the  flora  that 
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many,  iDcladiog  to  disttngnislied  a  paleobotAnist  aa  Heer,  bare  beld 
the  deposits  to  be  Miocene. 

Tlie  evidence  affonled  by  invertebrate  paleontology,  npoD  whicli  bo 
great  confidence  is  usually  placed  for  purposes  of  oorrelatioa,  is  of  little 
value.  The  conditious  that  obtained  duriug  the  accnmolatiou  of  the 
brackish- water  Laramie  deposits  were  such  as  to  greatly  change  tlie 
invertebrate  fauua  that  had  hitherto  found  a  peculiarly  favorable 
habitat  in  the  marine  waters  of  pre-Laramie  time.  It  seems  notiiu- 
probable  that  ootside  the  barriers  of  the  Laramie  sea  the  marine  forms 
still  continued  for  a  time  their  existence  contemporaneoasly  with  the 
brackisb-vater  species.  The  latter,  on  the  other  hand,  ceased  to  exist 
as  the  waters  became  fresh,  though  in  certaiu  areas  brackish  and  fresh 
water  conditions  prevailed  at  the  same  time,  ho  that  the  fresh-water 
species  of  the  Laramie  continued  their  existence  into  the  Wasatch 
period.  The  brackiah-water  types  of  the  Laramie  are  not  distinctiveof 
the  age  of  the  deposits.  The  Cretaceoos  character  of  the  marine  in- 
vertebrates of  the  previous  period  has  never  been  doabted,  while  ttie 
fresh-water  forms  of  the  succeeding  period  have  been  for  the  most 
part  cousidered  Tertiary.  The  brackish-water  species  might  be  either 
Cretaceous  or  Eocene,  and  are  doubtless  both. 

As  to  the  supposed  incongruity  of  evidence  afforded  by  the  verte- 
brates and  plants,  it  seems  most  fully  to  coincide  with  the  present 
method  of  geological  reasoning  to  suppose  that  the  conditions  were 
favorable  for  the  coutiuoed  existence  of  the  Mesozoic  dinosnarian  forme 
to  a  later  period  here  than  to  other  areas.  The  supposition  that  has 
been  advanced  that  physical  barriers  precluded  the  entraoce  into  the 
area  of  the  mammalian  fauna,  that  from  its  highly  developed  state  in 
the  sacceeding  period  must  have,  before  the  close  of  the  Laramie,  com- 
menced its  existence  outside,  seems  fully  to  accord  with  the  facts.  That 
the  plants  may  have  hero  presented  forms  that  have  elsewhere  not 
been  known  till  a  later  ei>ocb  is  not  improbable  when  we  consider 
that  the  development  of  fossil  faunas  and  floras  have  not  been  in  many 
other  portions  of  the  globe  always  along  identical  lines. 

From  the  evidence  above  presented  there  seems  uo  incongruity  in 
supposing  that  in  the  Laramie  group  we  have  represented  the  closing 
events  of  Oretaceous  and  the  opening  epoch  of  the  Ercene. 

Concerning  the  approximately  synchronous  age  of  most  of  the  lignitic 
strata  of  the  Interior  region,  there  is  a  rather  genenil  agreement  of 
opiuion.  However,  the  lignitic  strata  of  certaiu  local  areas,  although 
behl  by  many  geologists  to  be  identical  with  the  typical  Laramie,  are 
by  others  thought  to  be  of  widely  different  age.  Among  these  local 
deposits,  in  regard  to  which  considerable  discussion  has  hitherto  taken 
place,  may  be  mentioned  the  Fort  Union  beds  of  Montana,  the  Bear 
River  Estuary  beds  of  Utah,  tlie  Aiapaho  and  DeDvei  beds  of  Col- 
orado. 
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FOBT  UNION  BKDS. 

The  deposits  in  the  vicinity  of  Fort  Union,  on  the  Missonri  Biver, 
were  the  first  lignitic  strata  to  be  scientifically  examined,  having  been, 
before  1860,  explored  by  Dr.  Hayden.  Daring  the  progress  of  the  U, 
S.  Geological  and  Geographical  Survey  of  the  Territories  frequent  in- 
vestigations of  the  region  were  made  and  the  results  published  in  the 
various  reports  of  that  organization. 

Although  the  same  discussions  as  to  the  Cretaceous  or  Tertiary  age 
of  the  deposits  have  been  maintained  here  as  in  the  more  southern  rep- 
resentatives of  the  Laramie,  there  has  been  a  much  more  general  will- 
ingness to  concede  the  Tertiary  age  of  the  former  than  of  the  latter. 
Prof.  Ward,^  it  is  true,  states  that  there  would  be  "  no  inconsistency  in 
assigning  to  the  Fort  Union  an  age  as  ancient  as  the  closing  period  of 
the  Cretaceous  system."  Prof.  Newberry,'  who  has  for  many  years 
studied  the  Laramie  and  Fort  Union  floras,  thinks  that  the  two  forma- 
tions should  be  referred  to  different  horizons,  the  former  to  the  Creta- 
ceous, the^  latter  to  the  Tertiary.    He  says : 

The  Fort  Union  flora  may  be  distlngnished  from  that  of  the  Laramie  at  a  glanoe 
by  its  abundant  species  of  Vibarnam,  Popalas,  Plataans,  and  Cory  Ins,  and  it  in- 
cludes several  species  now  living,  such  as  Onoclea  senHbilia,  Taxodium  distichumt  and 
two  hazels  which  can  not  be  distiDgnished  bytheir  leaves  from  Corylui  roBtraia  and 
C.  Americana. 

Prof.  Ward,  discussing  these  statements  of  Dr.  Newberry,  says 
<<  that  although  the  difference  in  flora  exists,"  yet  the  Laramie  and  Fort 
Union  ^<  must  go  together,"  and  offers  in  explanation  ^<  that  possibly 
the  latitude,  taken  in  connection  with  a  different  topography,  such  as 
may  have  existed  in  the  two  regions,  might  account  for  the  great  difier- 
ence  in  the  floras."  Prof.  Ward  further  gives  a  list  of  8  identical  species 
from  the  Laramie  and  Fort  Union  groups.  Dr.  White,  from  a  study  of 
the  molluscan  fauna,  likewise  asserts  the  identity  of  the  Fort  Union 
beds  with  the  Laramie  group. 

BEAR  RIVSR  ESTUART  BEDS. 

The  lignitic  strata  upon  the  Bear  Biver  in  western  Wyoming  and 
northwestern  Utah  have  greatly  puzzled  the  stratigraphical  geologist 
and  paleontologist.  The  deposits  are  unconformably  overlain  by  the 
strata  of  the  WasatiCh  group,  while  the  fossils  show  liitle  similarity  with 
those  of  the  typical  Laramie  from  other  regions.  From  what  is  known 
of  the  beds,  their  position,  if  they  are  to  be  assigned  to  the  Laramie  at 
all,  is  undoubtedly  low  down  in  the  series.  They  will  probably  be 
found  to  be  of  earlier  age. 

ARAPAHO  BEDS. 

The  stratigraphical  relations  of  the  Arapaho  beds,  so  named  from 
Arapaho  Oounty  in  eastern-central  Colorado,  where  the  formation  is 

^  GeaL  Soo.  Amerioa,  BoUm  ▼oL  1, 1880,  p.  530.  *Ibld.,  pp.  624-527. 
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best  exhibited,  have  been  iuveati^ated  by  Mr.  George  H.  Eldridge,^  of 
the  U.  S.  Geological  Survey. 

The  strata  of  this  horizon  are  confined  to  a  comparatively  small  area 
on  the  Astern  flanks  of  the  Bocky  Mountains  in  the  vicinity  of  Denver. 
The  formation  <^  is  composed  of  a  basal  member  of  conglomerate,  or 
gritty  sandstone,  according  to  its  distance  from  the  foot-hills,  with  an 
overlyingzone  of  gray  argillaceous  or  arenaceous  shales  containing  len- 
ticular masses  of  hard  quartzose  sandstone  with  an  occasional  ironstone ; 
where  confined  between  under  and  overlying  groups,  it  has  a  thickness 
varying  between  600  and  1,200  feet.  The  conglomerate  at  its  base  has 
a  thickness  over  a  greater  portion  of  the  field  of  about  200  feet,  though 
this  may  become  the  bulk  of  the  formation,  as  in  its  type  locality,  or 
may  decrease  to  the  merest  edge,  as  at  its  northern  limit.  It  is  ex- 
tremely characteristic,  containing  as  it  does  pebbles  derived  from  every 
formation  that  lies  below  it  in  the  Denver  field,  but  also  from  others 
lying  far  beyond,  especially  the  Carboniferous.".  Although  the  angle  of 
dip  is  not  materially  different  from  the  Laramie  in  some  localities,  <'  it 
is  not  uncommon  to  meet  with  the  younger  formation  resting  in  the 
eroding  hollows  of  the  older,  and  containing  rolled  clays,  ironstones, 
and  pieces  of  sandstone  evidently  derived  from  the  underlying  beds.'' 

The  Arapaho  beds  have  afforded  dinosaurian  remains  that  show 
their  paleontological  affinity  to  the  true  Laramie,  with  which  they  have 
generally  been  confounded. 

The  marked  stratigraphical  separation  above  cited,  together  with  the 
fact  that  the  fossils,  hitherto  relied  upon  to  associate  this  and  the  suc- 
ceeding group  with' the  Laramie,  have  been  collected  without  reference 
to  the  horizons  represented,  afford  us  no  definite  evidence  that  the  Ar- 
apho  formation  should  be  allied  directly  with  the  Laramie.  When  care- 
ful collections  are  made  from  the  different  horizons  of  what  in  the  past 
has  been  termed  Laramie,  wider  differences  in  fauna  and  flora  may  be 
shown  to  exist  than  have  hitherto  been  recognized. 

Whether  the  Arapaho  group  then  should  be  considered  as  represent- 
ing a  later  epoch  in  the  Laramie  proper  or  separated  entirely  from  it 
is  a  matter  of  considerable  doubt. 

DENVER  BEDS. 

The  Denver  beds,  so  called  by  Dr.  Whitman  Gross,'  are  confined  to 
a  limited  area  in  the  vicinity  of  Denver,  Golorado,  where  they  are 
found  to  occupy  a  basin  within  the  Arapaho  formation. 

The  strata  are  composed  very  largely  of  andesitic  materials  in  which 
both  basic  and  acid  types  appear.  In  general  the  lower  beds  of  tbe 
group  are  fine  grained  though  very  variable  in  texture,  while  the  upper 
are  represented  by  coarse  conglomerates  in  which  a  considerable  ad- 
mixture of  materials  derived  from  the  Archean  and  sedimentary  rocks 
is  found. 

>  Colorado  Sci.  See,  Proc.  vol.  3,  pt  1,  pp.  97,  W,  tO(Ui02, 1888. 
»  iLm.Sowt.^\.^^ «nc.,  xoL 37, 1880,  pp.  201-282. 
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In  explaining  the  origin  of  these  andesitic  materials  Dr.  Oross^  says: 

There  is  no  known  soorce  which  can  be  assigned  with  plausibility  for  any  one  of 
the  many  andesitic  types  represented  in  the  Denvei  strata.  •  *  *  The  andesitic 
masses  which  famished  the  materials  for  the  lower  part  of  the  Denver  sediments 
wve  so  situated  as  to  effectually  prevent  the  access  of  all  Archean  and  sedimentary 
d6bris  to  the  lake  of  that  epoch.  That  is  to  say,  in  the  interval  between  the  Ara- 
paho  and  Denver  epochs  there  was  an  outpouring  of  andesitic  lavas  completely  cov- 
ering: the  Archean  and  sedimentary  rocks  of  the  area  afterward  oontiguons  to  the 
Denver  lake.  When  sedimentation  began  again  only  eruptive  d6bris  could  appear 
in  the  deposits  until  erosion  and  general  degradation  had  laid  bare,  here  and  there, 
small  areas  of  granite,  of  gneiss  or  of  sandstone. 

Within  these  deposits  is  found  an  extensive  tbssil  flora  the  true  char- 
acter of  which  is  bat  imperfectly  known.  Hitherto  the  specimens  col- 
lectect  from  this  formation  have  not  been  separated  from  those  obtaiued 
from  the  nnderlying  Laramie  deposits,  so  that  great  confusion  prevails. 
So  fietr  as  they  can  be  distinguished,  many  forms  not  found  elsewhere 
occur. 

In  the  vertebrate  fauna  the  presence  of  Dinosaurs  is  interesting,  show- 
ing that  they  were  able  to  '^  survive  the  changes  of  condition  attending 
a  period  of  folding  and  another  period  of  great  volcanic  activity." 

The  same  difficulty  in  an  attempted  correlation  of  the  Denver  beds  is 
found  as  in  that  of  the  Arapaho  beds. 

MIDDLE  PARK  BEDS. 

An  occurrence  in  many  particulars  similar  to  the  Denver  formation 
is  to  be  found  in  Middle  Park,  Colorado,  where  a  series  of  andesitic 
breccias  and  conglomerates,  with  interstratified  sands  bearing  plant 
remains,  rests  unconformably  upon  the  Cretaceous.  This  series  is  esti- 
mated by  Marvine^  to  reach  800  or  900  feet  in  maximum  thickness. 
Overlying  the  andesitic  beds  are  sandy  shales,  sandstones,  and  grits, 
chiefly  of  granitic  origin,  that  in  places  are  found  unconformably  rest- 
ing upon  the  Cretaceous.  Seams  of  lignitic  material  and  numerous 
fossil  leaves  are  found  scattered  through  the'  series. 

PUBRCO  BEDS. 

The  Puerco  beds,  first  described  by  Cope^  in  the  Annual  Eeport  of 
the  U.  S.  Geographical.Surveys  west  of  the  One  Hundredth  Meridian  for 
1876,  were  long  considered  by  that  writer  to  belong  to  the  Tertiary,  al- 
though later  referred  to  the  ^<  i>ost-Cretaceous.^  Endlich^  regarded  the 
beds  as  a  subdivision  of  the  Wasatch. 

The  geographical  extent  of  the  Puerco  is  limited  to  northwestern 
New  Mexico  and  southwestern  Colorado,  where  it  is  found  resting  upon 
the  Laramie  and  in  turn  overlain  by  the  Wasatch. 

1  Am.  Joar.  Soi.,  3d  ser.,  vol.  37, 1889,  p.  271. 

'I7.S.6eo1.and  Geog.  Snnr.  of  the  Territories,  Ann.  Rep.  for  1873,  p.  158. 
*  Ann.  Bep.  of  the  Chief  of  Engineers  for  1876,  appendix  44,  p.  88. 
*U.  S.  Q^oL  Surr.  of  the  Zcrritoriee,  Ann*  Bep.  for  1876,  p.  188. 
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Lithologically  it  is  characterized  by  sandstones  and  gray  and  green 
marls,  the  latter  soapy  in  texture  and  giving  a  highly  characteristic 
appearance  to  the  country.  At  the  point  of  its  typical  development, 
at  the  headwaters  of  the  Pnerco  Eiver,  west  of  the  Jemez  and  Naci- 
miento  Mountains,  in  New  Mexico,  it  reaches  a  thickness  of  outcrop  o^ 
about  850  feet.^ 

Cope'  thus  characterizes  the  faunal  relations  of  the  beds : 

The  faona  of  this  horizon  is  well  distiugaished  from  that  of  the  Laramie  in  the 
absence  of  the  nameroos  Dinosaaria  of  the  latter,  and  the  presence  of  numerousf 
Placental  Mammalia  in  the  former.  On  these  grounds  I  at  first  referred  the  for- 
mation to  the  Cenozoic  series,  bnt  further  reflection  induced  me  to  place  it  as  no\v 
arranged.  The  reason  is  as  follows :  Although  Placental  Mammalia  are  not  known 
otherwise  from  the  Mesozoic  beds,  the  other  forms  of  the  Puerco  are  especially 
Mesozoio  in  character.  Such  are  the  Choristodere  Reptilia  and  the  Mu^itnbercnlata 
Marsupialia,  neither  of  which  occur  above,  while  both  occur  below  the  Puerco,  the 
Hultituberculata  down  to  the  Trias,  inclusive.  Then  the  Placeutialia  are  entire!; 
peculiar  in  the  absence  of  the  Diplarthra  and  of  the  Kodentia,  orders  always  found 
sH  the  Cenozoic  beds.  Then  the  characters  of  the  Condylarthra  and  Amblypodaaud 
many  of  the  Creodonta,  which  represent  Tertiary  types,  are  so  peculiar  that  we  are 
led  to  suspect  that  where  the  Cretacio  Mammalia  are  fully  known  they  can  not  differ 
widely  from  those  of  the  Pnerco. 

Concerning  the  stratigraphical  position  of  this  unique  formation  Dr. 
White^  says: 

The  lowest  strata  in  which  the  remains  of  this  fauna  have  yet  been  fonncl  closely 
coincide  in  position  with  the  top  of  the  Laramie  group;  and  they  ditoppcar  sud- 
denly upon  a  certain  higher  horizon  which  seems  to  oome  within  the  basal  portiou  of 
the  Wasatch  group.  Moreover,  the  known  area  within  which  this  Puerco  fauna  has 
been  found  is  only  a  small  part  of  that  within  which  the  Laramie  and  the  Wasatch 
groups  occur.  That  is,  the  Puerco  fauna  has  not  been  recognized  at  the  majority  of 
j  the  localities  where  the  Wasatch  has  been  found  overlying  the  Laramie.    In  some  of 

the  latter  cases  the  two  formations  have  been  found  to  be  clearly  connected,  not  only 
by  strict  conformity  of  the  strata,  but  also  by  an  intermingling  of  their  molluscan 
faunas ;  and  in  none  of  them  has  any  indications  of  a  missing  formation  been  ob- 
served. 

It  will  thus  be  observed  that  the  relations  of  the  Puerco  beds  to  the 
Laramie  and  Wasatch  in  the  area  where  represented  is  peculiiir  and 
"  appears  to  mark  an  epoch  in  the  history  of  vertebrate  lite  of  North 
America  of  which  the  invertebrate  and  plant  remains,  and  the  strati- 
graphical  conditions  of  the  series  of  deposits  in  which  they  occur,  give 
no  indication." 

Whether  the  Puerco  beds  should  be  considered  Cretaceous  or  Ter- 
tiary the  evidence  is  as  yet  inconclusive,  though  it  seems  probable  that 
they  should  be  referred  to  the  latter.  If  the  upper  portion  of  the  Lar- 
amie may  be  considered  such,  the  Puerco  beds  would  necessarily  be  so 
interpreted,  unless,  perchance,  they  do  not  rest  upon  the  latest  horizon 
of  the  Laramie. 


1  Am.  Nat,  vol.  19, 1885,  p.  985. 
» Ibia..  vol.  21, 1887,  pp.  450, 451. 
*  Am.  Jour.  Sci.,  Sd  bcr.,  vol.  33, 1887,  p.  368. 
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WASATCH  GROUP. 

The  Wasatch  group,  so  called  from  the  Wasatch  Moontains  of  Utah, 
upon  the  flanks  of  which  deposits  of  this  age  are  extensively  developed, 
is  fully  characterized  by  Dr.  Hayden  in  the  various  Annual  Keports  of 
the  Geological  Survey  of  the  Territories.  It  is  described  by  the  mem- 
bers of  the  U.  S.  Geological  Exploration  of  the  Fortieth  Parallel  under 
the  name  of  the  Vermilion  Creek  group.  The  former  term  is,  however, 
generally  employed  and  is  here  retained  by  the  writer. 

The  strata  are  found  in  four  chief  areas. 

The  region  of  southwestern  Wyoming  and  northwestern  Utah  has 
been  most  extensively  explored  and  consists  of  reddish  sandstones  and 
marls  that  according  to  King  reach  5,000  to  5,500  feet  in  thickness. 

In  northwestern  New  Mexico  a  considerable  tract  of  similar  strata 
has  been  described  by  Oope,  who  estimates  the  thickness  of  the  beds 
at  2,500  feet. 

Intermediate  between  these  two  areas  in  the  San  Pete  Valley  of 
central  Utah  Dr.  White  has  further  determined  the  presence  of  Wa- 
satch strata  with  a  varied  fresh-water  moUuscan  fauna. 

In  northwestern  Wyoming,  also,  the  Wasatch  group  has  been  identi- 
fied and  the  beds  estimated  to  reach  4,000  feet  in  thickness. 

The  Wasatch  strata  throughout  much  of  their  extent  are  conforma- 
ble to  the  Laramie,  but  in  western  Wyoming  and  eastern  Utah  a  marked 
unconformity  is  exhibited.  As  previously  mentioned,  the  taxonomio 
X)osition  of  the  lignitic  beds  of  the  Bear  Eiver  area  is  doubtful,  so  the 
existing  unconformity  may  possess  less  interest  when  the  deposits  are 
more  fully  comprehended.  The  stratigraphical  relations  of  the  Wasatch 
and  Laramie  have  been  diflferently  interpreted  by  White  ^  and  King,* 
the  former  considering  that  deposition  was  in  part  continuous  during 
the  Laramie  and  Wasatch  periods,  the  latter  that  it  was  wholly  inter- 
rupted. 

The  fauna  of  the  Wasatch  presents  a  varied  series  of  invertebrate 
forms,  chiefly  moUuscan  in  character,  and  of  a  typical  fresh- water  hab- 
itus. Some  few  are  identical  with  species  found  in  the  fresh-water 
strata  of  the  Laramie  and  others  are  found  to  persist  into  the  later  hor- 
izons of  the  Eocene.  The  vertebrate  fauna  is  chiefly  mammalian,  and 
from  the  prevalence  of  the  genus  Coryphodon,  Marsh  has  designated 
the  Wasatch  group  the  Coryphodon  beds. 

Cope  ^  in  characterizing  the  vertebrate  life  of  the  Wasatch  states  that 
it  is  marked  by  the  '^  presence  of  Taeniodonta,  Oondylarthra,  and  Panto- 
donta.  Absence  of  Tillodonta,  Dinocerata,  Pala^osyops,  Hyrachyus, 
Am>*nodon,  Achaenodon,  Trilpopus,  and  suilline  and  selenodout  Artio- 
dactyla." 

*  U.  S.  Geol.  and  Oeog.  Snrv.  of  the  Territorioa,  Tenth  Ann.  Kept  for  1876,  p.  35. 
>  U.  S.  Geol.  ExpL,  40th  Parallel  vol.  1,  Systematic  Geology,  1878,  p.  353  et  seq. 

*  Am,  Geologiat,  vol  2, 1888,  p.  287. 
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OEBBN  RIVBR  GROUP. 

The  Green  Biver  shales  have  a  mnch  more  contaracted  range  than 
the  deposits  of  the  previous  group  and  are  confined  in  their  typical  de- 
velopment to  the  basin  of  the  Green  Biver  in  southwestern  Wyoming 
and  western  Colorado.  Here  they  reach  a  thickness  of  abont  2,000 
feet,  and  consist  '^  of  calcareous  sands  and  slightly  siliceous  limestoues 
which  are  overlaid  by  remarkable  fissile  calcareous  shales."*  The  lower 
member  is  about  800  feet  in  thickness,  the  upper  1,200  feet.  The  coarse 
materials  of  the  preceding  period  are  not  present,  and  in  general  the 
sedimentation  denotes  deep  and  quiet  water.  According  to  Eing  the 
deposits  rest  unconformably  ui)on  the  Wasatch.' 

The  fauna  of  the  Green  Biver  group  has  quite  a  different  character 
from  that  of  the  preceding  or  succeeding  horizons,  and  consists  chiefly 
of  fishes,  insects,  and  mollusks.  The  molluscan  forms  predominate  in 
the  lower  division,  while  the  fishes  and  insects  are  confined  to  the  upper 
member  of  the  series.  A  common  molluscan  genus  is  the  Gi>nioba8is 
that  ranges  widely  throughout  the  Eocene.  The  vertebrate  fauna, 
represented  by  vast  numbers  of  very  perfectly  preserved  individuals  of 
a  few  species  of  fishes  is,  according  to  Marsh,  characterized  by  the 
genus  Heliobatis,  and  for  that  reason  the  Green  Biver  shales  are  des- 
ignated in  his  classification  as  the  Heliobatis  beds.  The  fish-bearing 
strata  contain  numerous  remains  of  insects.  The  types  of  fish  are 
characteristically  Eocene,  and  in  the  case  of  several  genera  begin  to 
appear  in  the  Wasatch,  while  two  genera  range  from  the  latter  into  the 
Bridger. 

WIND  RIVBR  GROUP. 

Although  the  beds  occupying  the  upper  basin  of  the  Wind  Biver  and 
described  by  Haydeu  as  the  Wind  Biver  group  in  the  various  publica- 
tions of  the  U.  S.  Geological  Survey  of  the  Territories  do  not  afford, 
upon  stratigraphical  grounds,  a  basis  for  a  satisfactory  correlatiou  with 
any  of  the  divisions  of  the  southwestern  Wyoming  area,  yet  for  reasons 
to  be  presently  mentioned  it  is  generally  conceded  that  the  Wind  Biver 
group  represents  the  Green  Biver  group,  although  Scott^  would  con- 
sider it  Lower  Bridger  in  age. 

Hayden  states  that  the  deposits  consist  of  ^<  light  gray  and  ash-col- 
ored sandstones,  with  more  or  less  argillaceous  layers,''  and  that  ^^  the 
strata  are  most  beautifully  variegated  with  various  shades  of  pink  or 
brick-red  color,  so  that  they  sometimes  remind  one  of  the  Jura-Trias 
red  beds."  The  deposits  extend  along  the  Wind  Biver  basin  about  100 
miles,  and  are  from  1  to  5  miles  in  width.  The  aggregate  thickness  of 
the  strata  is  estimated  at  1,000  feet  or  more. 

Gope^  states  that  <<  the  vertebrate  fauna  consists  of  the  mammalian 

>  n.  S.  GeoL  Expl.  40th  Parallel,  vol.  1,  Systematic  Geology,  1878,  p.  380. 

>Ibld.,p.377. 

*  Am.  PhiL  Soo.,  Trans.,  vol.  16, 1889,  p.  465. 

«  Am.  QM08^t,NQ\.2,  l«Q8.^.287. 
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types  Ooodylartbra,  TseniodoDta,  Pantodonta,  Dinocerata,  Paladosyops, 
and  Hyrachyus,"    He  farther  says : 

This  fauna  indicates  the  transition  between  the  Wasatch  and  Bridger,  since  types 
are  here  asBooiated  which  are  elsewhere  peculiar  to  the  two  horizons  named.  Thus 
of  the  above  zoological  divisions  the  following  are  exclusively  Wasatch,  Tseniodonta 
and  Pantodonta.  The  remaining  ones  are  Bridger,  excepting  the  Condylarthra, 
which  probably  occur  in  both  Bridger  and  Wasatch. 

Upon  paleontological  pounds,  then,  the  Wind  Uiver  group  occupies  a 
position  intermediate  between  the  Wasatch  and  Bridger  groups  of  the 
southwestern  Wyoming  section,  and  may  be  considered  the  representa- 
tive of  the  Green  Biver  group. 

MANTI  BKD8. 

In  Sevier  and  San  Pete  Counties,  in  eastern  Utah,  calcareousishales 
somewhat  similar  to  the  Green  Kiver  strata  in  lithological  character, 
and  known  as  the  Manti  beds,  are  found.  The  vertebrate  fauna  is  dif- 
ferent, although  Grocodilus  and  Glastes  occur,  forms  which  are  repre- 
sented in  deposits  that  are  found  both  above  and  below  the  Green  Biver 
group.  The  Manti  beds  are  generally  considered  of  Green  Biver  age. 
They  have  been  described  at  length  by  Prof.  Cope.^ 

AMYZON    BEDS. 

Under  the  name  of  the  Amyzon  beds  Cope^  includes  deposits  at  Osino 
and  Elko,  Nevada,  South  Park,  Colorado,  and  in  central  Oregon.  As 
to  the  taxouomic  position  of  the  beds  he  expresses  doubt,  though  he 
considers  that  they  are  probably  late  Eocene  or  early  Miocene. 

Eing^  considers  the  Nevada  strata  of  identical  age  with  the  Green 
Biver  group  and  has  so  described  and  mapped  them. 

There  are  no  species  identical  with  Green  Biver  forms,  although  Tri- 
chophanes  is  reported  by  Cope  to  be  closely  allied  to  Amphiplaga  of 
the  Green  Biver  group.  On  the  other  hand  Amyzon  and  Trichophanes, 
which  occur  in  Nevada,  are  also  found  at  South  Park,  Colorado,  together 
with  Bhincaster  and  Amia,  neither  of  which  appear  in  the  Green  Biver 
group. 

The  beds  at  Florissant,  Colorado,  have  been  investigated  by  Peale 
and  Scudder,^  the  latter  of  whom  has  described  the  remarkable  insect 
fauna  that  the  beds  contain.  The  strata  consist  of  shales  and  sand- 
stones and  were  deposited  in  a  lake  basin  of  limited  area. 

BRIDGER  GROUP. 

The  deposits  of  the  Bridger  group  are  found  chiefly  in  southwestern 
Wyoming,  on  the  northern  flanks  of  the  Uinta  Mountains,  and  on  both 

■Am.  Phil.  Soc.,  Proc.,  1880,  vol.  10,  p.  6  ;  Am.  Nat,  vol.  14,  1880,  pp.  303,  304 ;  Am.  Kat.,  roL  21. 
1887,  p.  453. 

*  Am.  Nat.,  toI.  13, 1870;  p.  832,  Am.  Phil.  Soc,  Proc.,  yd.  10,  1880,  p.  CI. 

*U.  S.  Geol.  Expl.  40th  Parallel,  vol.  1,  Systematic  Geology,  1K78,  p.  303. 

*\J,  S.  Geol.  and  Goog.  Sarv.  of  the  Territories,  Bull.,  vol.  6,  pp.  270-300,  and  Twelfth  Ann.  Bept. 
for  1878, 1883,  pp.  271-293. 


142  THE   EOCENE.  \mju^9L 

the  east  and  west  banks  of  the  Oreen  Biver.  To  the  east  of  this  region 
the  strata  appear  also  in  portions  of  western  Colorado.  The  larger 
area,  to  the  west  of  the  Oreen  Biver,  has  been  termed  the  Bridger  Basin ; 
the  smaller,  to  the  east,  the  Washakie  Basin.  Both  by  Hayden  and  Soott 
the  deposits  of  these  two  ^^  basins  "are  considered  to  represent  different 
horizons  of  the  Bridger  proper,  and  Hayden  not  infrequently  speaks  of 
the  Bridger  and  Washakie  as  separate  formations.  Scott',  says  that 
bnt  few  vertebrate  forms  are  common  to  the  two  areas.  He  considers 
the  types  of  the  Washakie  Basin  yonnger  than  those  of  the  Bridger 
Basin,  since  the  former  area  affords  forms  more  closely  allied  to  the 
'  fl  Uinta  fauna. 

King  states  that  the  stratigraphical  relations  of  the  Bridger  and 
Green  Biver  are  with  difficulty  made  out,  though  he  thinks  the  ^^  evi- 
dence 'is  in  favor  of  a  true  nonconformity."* 

The  deposits  consist  largely  of  sands  and  clays,  with  frequent  layers 
of  chert  and  limestone.  King  estimates  the  thickness  of  the  formation 
in  the  Bridger  Basin  at  2,500  feet  and  Cope  that  in  the  Washakie  Basin 
at  1,200  feet.  A  very  ricb  vertebrate  fauna  is  found  in  which  the  mam- 
malian genus  Dinoceras  is  held  by  Marsh  to  be  the  most  characteristic. 
He  has  designated  the  Bridger  group  as  the  Dinoceras  beds  on  that 
account. 

Of  the  moUuscan  types  Uuio,  Planorbis,  Goniobasis,  and  Viviparns 
are  the  most  common,  and  according  to  Dr.  White  '^  correspond  closely 
with  those  of  the  Green  Biver,  some  of  the  species  being  common  to 
both,  all  indicating  A  purely  fresh- water  condition  of  the  waters  in  which 
the  strata  of  both  groups  were  deposited."  Remains  of  birds,  reptiles, 
and  fish  in  considerable  numbers  are  also  found  in  the  deposits.^  Cope 
states  that  the  Bridger  is  characterized  by  the  '^  presence  of  Tillodouta, 
Goudylarthra  and  Dinocerata,  Hyrachyus,  PalsBOsyops,  Amyuodon, 
Triplopus,  and  AchsBUodon,  absence  of  Tseniodonta,  Pantodonta,  and 
selenodent  Artiodactyla." 

HUERFANO  BEDS. 


1 


On  the  eastern  side  of  the  Bocky  Mountains,  in  Huerfano  and  Las 
Animas  Counties,  Colorado,  an  extensive  series  of  Eocene  deposits  have 
been  found  resting  unconformably  upon  strata  of  the  Laramie  and 
Colorado  groups  and  containing  vertebrate  fossils  (Tillotherinm,  Hyra- 
chyus, Glyptosaurus,  Palseosyops)  that  point  to  the  equivalence  of  the 
beds  with  the  Bridger  group  of  southwestern  Wyoming.  The  strata 
attain  great  thickness  and  their  character  is  shown  in  the  following 
section  by  Hills  :^ 


1  Am.  Phil.  Soo.,  Trans.,  vol.  le,  1889,  pp.  464, 465. 

>  U.  S.  GeoL  Expl.  40th  Parallel,  vol.  1,  Systematic  Oeology,  1878,  p.  395, 

*  Am.  G«oloffist,  roL  2. 1888,  p.  288. 

•  9olopklo  Sci.  Soc.,  froc.  ,to1.  3,  pt  s,  1889,  p,  319* 
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Feet 
MarlB,  clays,  soft  shales,  aud  sands,  of  red,  gray,  yellow,  green  and  purple  colors, 

red  predominating ^ 3,300 

Pink  and  white  massive  sandstone 300 

Soft  sandstones  and  fine  conglomerates  of  a  yellowish  tint,  with  occasional 

bands  of  yellow  clay  or  marl 3,500 

The  discovery  of  fossils  has  hitherto  been  limited  to  the  upper  divi- 
sion of  the  series.^  The  beds  have  been  folded  ,'and  in  the  vicinity  of 
Spanish  Peaks  extensively  altered  <'  by  proximity  to  the  laccolithic 
mass  of  the  mountains  and  by  the  numerous  radiating  dikes." 

UINTA  GROUP. 

The  Uinta  group,  so  named  by  King,'  is  known  only  from  the  north- 
ern and  southern  flanks  of  the  Uinta  Mountains,  in  northern  Utah  aud 
southern  Wyoming.  It  has  been  called  the  Brown's  Park  group  by 
Powell.^ 

According  to  Dr.  White  the  strata  are  unconformable  to  the  other 
Tertiary  beds,  and — 

it  is  possible  that  this  gronp  was  deposited  continnonsly,  at  least  in  part,  with  the 
Bridger  gronp,  but  at  the  places  where  the  junction  between  the  two  gronps  has  been 
seen  in  this  region  there  is  an  evident  unconformity,  both  of  displacement  aud 
erosion.  The  group  consists  of  fine  and  coarse  sandstones,  with  frequent  layers  of 
gravel,  and  occasionally  both  cherty  and  calcareous  layers  occur.  The  sandstones 
are  sometimes  firm  and  regularly  bedded,  and  sometimes  soft  and  partaking  of  the 
character  of  bad-laud  material.  The  color  varies  from  gray  to  dull  reddish  brown, 
the  former  prevailing  north  of  the  UiDta  Mountains  and  tha  latter  south  of  them. 
The  only  invertebrate  fossils  that  have  been  known  to  be  discovered  in  the  strata 
of  this  group  are  some  specimens  of  Physa  very  like  a  recent  species.  Therefore, 
invertebrate  paleontology  has  furnished  no  evidence  of  its  assumed  Tertiary  age  and 
lacustrine  condition  of  its  deposition.  Its  fresh-water  origin,  however,  seems  un- 
questionable, because  of  its  intracontinental  position,  its  limited  extent,  and  the  fact 
that  none  but  fresh- water  deposits  are  known  in  this  part  of  the  continent  that  are 
of  later  date  than  the  close  of  the  Laramie  period.^ 

From  the  presence  of  the  characteristic  mammalian  genus  Diplacodon 
the  strata  have  been  called  by  Marsh  the  Diplacodon  beds. 

According  to  Cope  its  vertebrate  fauna  Is  characterized  by  the 
^^  presence  of  Amy nodon  and  selenodont  Artiodactyla ;  absence  of  Pan- 
todonta  and  Dinocerata  (Scott)." 

Scott  ^  says  that  the  mammalian  types  of  the  Uinta  are  closely  re- 
lated to  those  of  the  Washakie  Basin  of  the  Bridger  group. 

'  In  a  more  reoent  publication  Hills  (Abstract  Colorado  Set.  Soo.,  Froc,  Feb.  17, 1801)  reclassifies  the 

Hnerfano  beds  as  follows: 

SHaerfano  beds.  =  Bridger  group. 
Cnchara  beds.  I  ▼  ^w^.  v..^^.^ 
Poison  Cafion  beds.  J ^**^®'  Booene. 

*  n.  S.  Oeol.  Expl.  40th  parallel,  vol.  1,  Systematic  Geology,  1878,  pp.  405^407. 

*n.  S.  Geol.  and  Geog.  Sunr.  of  the  Territories,  II  Dir..  Geology  of  the  Uinta  MU.,  1876,  pp.  62, 63, 

«  n.  S.  Geol.  and  Geog.  Sore,  of  the  Territ-oriea,  Tenth  App,  Bept.,  for  1876,  pp.  37, 38, 

»  Am.  Phil  Soc.,  Trws.,  vol,  W,  1^9,  pp,  19M??t 
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SUMKABY  OF  OOBBBLATIYB  EYIDBNOB. 

• 

The  limits  assigned  to  the  Eooeae  of  the  Interior  and  the  different 
divisions  that  have  been  established  for  it  have  been  presented  in  the 
previous  pages. 

When  the  attempt  is  made,  however,  to  correlate  the  various  hori- 
zons of  the  Interior  Eocene  with  the  divisions  of  that  series  else- 
where recognized,  we  have  but  little  to  guide  us.  The  conditions  under 
which  the  deposits  were  here  accumulated  afford  no  parallel  in  any  por- 
tion of  the  earth's  surface  investigated  up  to  this  time.  Great  inland 
basins  that  changed  from  brackish  water  to  fresh  water  during  this 
epoch  supported  an  aqueous  fauna  that  presents  almost  no  points  of 
comparison  with  the  fauna  of  other  regions.  The  vertebrate  animal 
and  platit  life,  although  affording  unequivocal  proof  of  the  Eocene  age 
of  the  strata  from  the  Wasatch  on,  does  not  give  grounds  for  more  de- 
tailed correlation. 

The  Laramie  has  afforded  a  few  plant  forms  that  by  IN'ewberry, 
Lesquereux,  and  Ward  have  been  shown  to  be  identical  or  closely  re- 
lated to  types  recognized  in  the  Puget  group  of  the  Pacific  Coast  and 
the  Lignitic  of  the  Gulf  border;  but  when  so  little  is  known  of  the 
plant  remains  of  the  American  Eocene,  or  even  with  certainty  of  the 
geological  range  of  plant  species  in  general,  correlations  based  upon 
such  evidence  can  have  but  little  value.  That  the  upper  portions  of 
the  Laramie  may  represent  a  part  at  least  of  the  Lignitic  of  the  Gulf 
border  and  thus  the  Lower  Eocene,  as  established  for  the  Atlantic  and 
Gulf  Coast  region,  has  been  advanced  by  Dr.  White,  and,  as  it  seems 
to  the  writer,  upon  good  grounds.  Further  correlation  of  the  various 
members  of  the  Interior  Eocene  with  divisions  elsewhere  established  is 
at  present  impossible. 

From  a  stratigraphical  standpoint  it  has  been  customary  to  place 
the  Wasatch  group  in  the  Lower  Eocene ;  the  Green  Biver  and  Wind 
Biver  groups,  which  are  considered  equivalent  to  one  another,  in  the 
Middle  Eocene,  and  the  Bridger  and  Uinta  groups,  which  occur  in 
stratigraphical  sequence,  in  the  Upper  Eocene.  There  is  no  evidence, 
however,  that  these  divisions  are  equivalent  to  those  similarly  named 
in  the  Atlantic  and  Gulf  Coast  region. 

The  Wasatch,  Green  Biver,  Bridger,  and  Uinta  groups,  which  occur 
in  stratigraphical  sequence  in  the  Green  Biver  Basin,  may  be  said  to 
afford  the  typical  Eocene  series  of  the  Interior,  though  it  is  doubtful 
whether  deposition  was  continuous  throughout  the  time  of  their  accumu* 
lation.  The  isolated  occurrences  of  fresh-water  Eocene  elsewhere  are 
interpreted  generally  by  comparison  with  the  southern  Wyoming  sec- 
tion; still  direct  parallelism  can  not  always  be  established. 

The  evidence  for  referring  the  upper  portions  of  the  Laramie  to  the 
Eocene  has  been  already  mentioned.  What  proportion  of  Eocene  time 
this  horizon  of  the  Laramie  should  be  held  to  represent  can  iiot  b^ 
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definitely  stated,  but  that  an  appreciable  amount  should  be  bo  incladed 
seems  probable. 

Overlying  the  Laramie,  in  northern  New*  Mexioo,  are  the  Pnerco  beds, 
that,  both  from  their  stratigraphical  position  and  fossil  remains,  since 
they  lie  above  the  Laramie  and  below  the  Wasatch  and  contain  types  of 
life  that  point  to  their  Tertiary  affinity,  have  been  placed  in  the  Lower 
Eocene.  Whether  they  rest  apon  the  latest  horizon  of  the  Laramie  or 
reach  to  or  beyond  the  base  of  the  Wasatch  in  other  areas  is  an  open 
qaestion.  The  supposed  break  between  the  two  is  represented  in  the 
accompanying  table  as  bridged  over  by  the  Paeroo  beds. 

The  Arapaho  beds  are  found  resting  anconformably  upon  the  Lara- 
mie, but  there  is  no  evidence  that  it  is  the  top  of  that  formation  else- 
where exposed.  In  fact  the  Arapaho  itself  has  been  hitherto  called 
Laramie.  Gertaiuly  the  faunal  relations  of  the  Arapaho  and  the  over- 
lying Denver  beds  point  to  their  close  affinity  with  the  Laramie,  though 
the  structural  relations  of  the  deposits  of  these  several  horizons  show 
a  wide  hiatus  between  them  in  the  area  of  their  occurrence.  It  seems 
probable  that  the  Arapaho  and  Denver  beds  should  be  placed  in  the 
Lower  Eocene,  and  doubtless  below  the  base  of  the  Wasatch  group, 
since  the  life  indicates  an  earlier  period. 

A  large  part  of  the  Lower  Eocene  is  supposed  to  be  represented  in 
the  Wasatch  group.  The  fauna  was  in  a  marked  degree  different  from 
that  of  the  preceding  period  and  the  conditions  must  have  altogether 
changed  to  have  admitted  of  its  existence. 

The  Oreen  Kiver  group  is  placed  as  the  representative  of  the  Middle 
Eocene.  Correlated  with  this  is  the  Wind  Biver  group,  whose  contem- 
poraneity it  is  impossible  to  show,  since  the  stratigraphical  relations  of 
the  deposits  to  the  Wasatch  and  Bridger  of  the  Green  Biver  Basin  axe 
unknown.  The  fauna,  however,  affords  forms  which  show  the  interme- 
diate position  of  the  Wind  Biver  group  between  the  Wasatch  and 
Bridger,  and  thus  in  part,  at  least,  its  place  as  the  representative  of  the 
Green  Biver  group.  The  limits  of  the  two  horizons  may  not  be  iden- 
tical. 

The  Amyzon  and  Manti  beds  each  afford  a  fauna  that  points  to  theic 
dentity  with  the  Green  Biver  group.  The  evidence  presented  admits, 
however,  of  only  the  most  general  comparisons,  since  but  few  identical 
forms  have  been  recognized. 

The  Bridger  and  Uinta  groups,  which  are  found  in  superposition, 
have  been  referred  to  the  Upper  Eocene. 

East  of  the  Bocky  Mountains  a  s:raU  area  in  southern  Colorado  pre- 
sents a  series  of  deposits  that  have  been  called  the  Huerfano  beds,  in 
which  vertebrate  types  similar^  to  those  afforded  by  the  Bridger  group 
of  the  Green  Biver  Basin  have  been  found. 

Many  isolated  occurrences  of  fresh  water  deposits  throughout  the 
Bocky  Mountain  area  have  been  referred  to  the  Tertiary,  but  as  evi- 
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denoe  is  lacking  to  prove  iheir  Eocene  age,  reference  to  them  is  omitted 
here* 

A  table  is  given  below  in  which  the  approximate  position  of  the  de- 
posits jnst  mentioned  in  the  Eocene  series  is  presented.  The  lines  do 
not  indicate  the  relative  thickness  of  the  beds,  bnt  rather  the  propor- 
tionate part  of  Eocene  time  that  may  be  tentatively  assigned  for  their 
accomnlation. 

Table  ehawimg  the  rtioMve  poHUom  of  tike  Interior  depoHU  in  ike  Eoeene  eeriee. 


Uinte  gTovp 

Bridgdr  group . .... 

Huor£ukO  beds 

Green  Blver  group 
Wind  SiTer  groap. 

Amyion  beds 

Mantibeds 

Wasatch  groap . ... 

Pneraobedo 

Denver  bed* 

Arapaho  beda...!.. 
Laramie  group 


Cretaoeona. 


Upper. 


Eocene. 


Lower. 


Middle. 


Upper. 


EXPLANATION  OP  THE  MAP. 


The  Eocene  area  designated  upon  the  map  embraces  the  extreme  limits  of  outcrop 
of  the  deposits  of  that  horizon  and  not  necessarily  continuous  exposure.  More  re- 
cent deposits  frequently  cover  much  of  the  surface,  the  Eocene  outcropping  only 
along  the  deeper  river  channels. 

In  the  Interior  region  the  Laramie  is  omitted  on  account  of  the  difficulty  of  sepa- 
rating that  portion  to  be  referred  to  the  Cretaceous,  which  in  extent  probably  greatly 
exceeds  that  belonging  to  the  Eocene. 

Any  adequate  representation  of  the  Eocene  of  the  Pacific  coast  is  wholly  out  of 
the  question  on  account  of  the  lack  of  AYAilable  information.  The  limits  of  the 
areas  designated  aao  unknown. 
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